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Foreword 
 
Our purpose in the 16

th
 World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 

2012) is to provide, in these increasingly related areas, a multi-disciplinary forum, to foster 

interdisciplinary communication among the participants, and to support the sharing process of diverse 

perspectives of the same transdisciplinary concepts and principles. 

 

Systemics, Cybernetics and Informatics (SCI) are being increasingly related to each other in almost 

every scientific discipline and human activity.  Their common transdisciplinarity characterizes and 

communicates them, generating strong relations among them and with other disciplines.  They work 

together to create a whole new way of thinking and practice.  This phenomenon persuaded the 

Organizing Committee to structure WMSCI 2012 as a multi-conference where participants may focus 

on one area, or on one discipline, while allowing them the possibility of attending conferences from 

other areas or disciplines. This systemic approach stimulates cross-fertilization among different 

disciplines, inspiring scholars, originating new hypothesis, supporting production of innovations and 

generating analogies; which is, after all, one of the very basic principles of the systems’ movement and 

a fundamental aim in cybernetics.  

 

WMSCI 2012 was organized and sponsored by the International Institute of Informatics and Systemics 

(IIIS, www.iiis.org), member of the International Federation of Systems Research (IFSR). The IIIS is a 

multi-disciplinary organization for inter-disciplinary communication and integration, which 

includes about 4500 members.  Consequently, a main purpose of the IIIS is to foster knowledge 

integration processes, interdisciplinary communication, and integration of academic activities. Based 

on 1) the transdisciplinartity of the systemic approach, along with its essential characteristic of 

emphasizing relationships and integrating processes, and 2) the multi-disciplinary support of 

cybernetics’ and informatics’ concepts, notions, theories, technologies, and tools, the IIIS has been 

organizing multi-disciplinary conferences as a platform for fostering inter-disciplinary communication 

and knowledge integration processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multi-disciplinary conferences are organized by the IIIS as 

support for both intra- and inter-disciplinary communication. 

Processes of intra-disciplinary communication are mainly 

achieved via traditional paper presentations in corresponding 

disciplines, while conversational sessions, regarding trans- and 

inter-disciplinary topics, are among the means used for inter-

disciplinary communication. Intra- and inter-disciplinary 

communications might generate co-regulative cybernetic loops, 

via negative feedback, and synergic relationships, via positive 

feedback loops, in which both kinds of communications could 

increase their respective effectiveness. Figure 1 shows at least 

two cybernetic loops if intra- and inter-disciplinary are 

adequately related. A necessary condition for the effectiveness of 

Inter-disciplinary communication is an adequate level of variety 

regarding the participating disciplines. Analogical thinking and 

learning processes of disciplinarians depend on it; which in 

turn are potential sources of the creative tension required 

for cross-fertilization among disciplines and the generations 

of new hypothesis. An extended presentation regarding this 

issue can be found at www.iiis.org/MainPupose.   

 

 

Figure 1 



In the specific case of Systemics, Cybernetics and Informatics (SCI), the IIIS is an organization 

dedicated to contribute to the development of the Systems Approach, Cybernetics, and Informatics 

potential, using both: knowledge and experience, thinking and action, theory and practice, for :  

 

a) the identification of synergetic relationships among Systemics, Cybernetics and Informatics, and 

between them and society; 

b) the promotion of contacts among the different academic areas, through the transdisciplinarity of 

the systems approach; 

c) the identification and implementation of communication channels among the different 

professions; 

d) the supply of communication links between the academic and professional worlds, as well as 

between them and the business world, both public and private, political and cultural; 

e) the stimulus for the creation of integrative arrangements at different levels of society, as well as 

at the family and personal levels; 

f) the promotion of transdisciplinary research, both on theoretical issues and on applications to 

concrete problems. 

 

These IIIS objectives have directed the organizational efforts of yearly WMSCI/ISAS conferences 

since 1995. 

 

On behalf of the Organizing Committee, I extend our heartfelt thanks to:  

 

1. the 493 members of the Program Committee  from 71 countries;  

2. the 574 additional reviewers, from 65 countries, for their double-blind peer reviews; and 

3. the 248 reviewers, from 60 countries, for their efforts in making the non-blind peer 

reviews. (Some reviewers supported both: non-blind and double-blind reviewing for 

different submissions). 

  

A total of 1348 reviews made by 822 reviewers (who made at least one review) contributed to the 

quality achieved in WMSCI 2012. This means an average of 5.22 reviews per submission (258 

submissions were received). Each registered author had access, via the conference web site, to the 

reviews that recommended the acceptance of their respective submissions. Each registered author 

could also get information about: 1) the average of the reviewers evaluations according to 8 criteria, 

and the average of a global evaluation of his/her submission; and 2) the comments and the 

constructive feedback made by the reviewers, who recommended the acceptance of his/her 

submission, so the author would be able to improve the final version of the paper. 

 

In the organizational process of WMSCI 2012, about 258 papers/abstracts were submitted. These 

pre-conference proceedings include about 98 papers that were accepted for presentation from 35 

countries. I extend our thanks to the invited sessions’ organizers for collecting, reviewing, and 

selecting the papers that will be presented in their respective sessions. The submissions were 

reviewed as carefully as time permitted; it is expected that most of them will appear in a more 

polished and complete form in scientific journals. 

 

This information about WMSCI 2012 is summarized in the following table, along with the other 

collocated conferences: 

 

 

 



 

 

Conference 

# of 

submissions 

received 

# of reviewers 

that made at 

least one review 

# of reviews 

made 

Average of 

reviews per 

reviewer 

Average of 

reviews per 

submission 

# of papers 

included in 

the 

proceedings 

% of 

submissions 

included in 

the 

proceedings 

WMSCI 2012 258 822 1348 1.64 5.22 98 37.98% 

IMSCI 2012 79 341 573 1.68 7.25 45 56.96% 

IMETI 2012 88 388 705 1.82 8.01 35 39.77% 

CISCI 2012 188 629 1283 2.04 6.82 61 32.45% 

TOTAL 613 2180 3909 1.79 6.38 153 38.99% 

 

We also extend our gratitude to the invited sessions and special track organizers, as well as to the co-

editors of these proceedings, for the hard work, energy and eagerness they displayed preparing their 

respective sessions. We express our intense gratitude to Professor William Lesso for his wise and 

opportune tutoring, for his eternal energy, integrity, and continuous support and advice, as the 

Program Committee Chair of past conferences, and as Honorary President of WMSCI 2012, as well 

as for being a very caring old friend and intellectual father to many of us. We also extend our 

gratitude to Professor Belkis Sánchez, who brilliantly managed the organizing process. 

 

Our gratitude to Professors Bela H. Banathy, Stafford Beer, George Klir, Karl Pribram, Paul A. 

Jensen, and Gheorghe Benga who dignified our past WMSCI conferences by being their Honorary 

Presidents. Special thanks to Dr. C. Dale Zinn and Professor Jorge Baralt for co-chairing WMSCI 

2012 Program Committee and to professors Andrés Tremante and Belkis Sánchez for co-chairing the 

Organizing Committee.  We also extend our gratitude to Drs. Ranulph Glanville, Thomas Marlowe, 

Ruth Bergman, Karl H. Müller, Shigehiro Hashimoto, T. Grandon Gill, Marta White Szabo, Jeremy 

Horne, Mario Norbis, Susu Nousala, Richard Segall, Kathy Kovacs Burns, Rahul Bedi, Darshan 

Deseai, and Heidi Hahn for accepting to address the audience of the General Joint Plenary Sessions 

with keynote conferences.  

 

Many thanks to Drs. Dale Zinn, Jorge Baralt, Hsing-Wei Chu, Andrés Tremante, Friedrich Welsch, 

Thierry Lefevre, José Vicente Carrasquero, Angel Oropeza, and Freddy Malpica for chairing and 

supporting the organization of conferences and/or special tracks in the context of, or collocated with, 

WMSCI 2012. We also wish to thank all the authors for the quality of their papers, and the Program 

Committee members and the additional reviewers for their time and their contributions in the 

respective reviewing processes.    

 

We extend our gratitude as well to María Sánchez, Juan Manuel Pineda, Leonisol Callaos, Dalia 

Sánchez, Keyla Guédez, Nidimar Díaz, Bebzabeth García, Marcela Briceño, Cindi Padilla, Louis 

Barnes, Sean Barnes, José Aponte, Abrahan Marín, Yulaime Padilla, and Freddy Callaos for their 

knowledgeable effort in supporting the organizational process producing the hard copy and CD 

versions of the proceedings, developing and maintaining the software supporting the interactions of 

the authors with the reviewing process and the Organizing Committee,  as well as for their support in 

the help desk and in the promotional process.  

 

 

Professor Nagib C. Callaos 

WMSCI 2012 General Chair 
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ABSTRACT 

 

Global competitiveness, economic slack and uncertainty 

of business environment give birth to a number of 

significant questions which are related to the quality 

management of business in small and medium enterprises 

and to their capability to function successfully in a long-

term perspective. An enterprise itself develops in a cyclic 

mode. In order to provide sustainable development of an 

enterprise in dynamically changing environment of 

contemporary business, methods based on new 

approaches should be used in its management. The 

authors show the opportunities of acquiring new 

knowledge by businessmen using properly structured 

basis of knowledge on sustainable performance 

management of an enterprise using the objective laws of 

its life cycle. They have elaborated a special method of 

workplace training of businessmen; this approach enables 

to ensure sustainable business in accordance with the 

peculiarities of the stage of the small and medium-sized 

enterprise life cycle. 

 

Keywords: consulting-based training, sustainable 

performance, small and medium-sized enterprise, 

enterprise life cycle. 

 

 

1. INTRODUCTION 

 

The training methodology was developed by the authors 

of this article within the project «Developing of training 

methodology for sustainable performing of small and 

medium-sized enterprises based on the company's life 

cycle» (2011) which was granted by Riga Technical 

University [11]. 

 

The results of predevelopment analysis carried out by the 

authors revealed the problem of low viability of small and 

medium-sized enterprises. Taking into account the 

importance of small and medium-sized businesses for the 

national economy, which is confirmed by quantitative 

contribution of this group of enterprises into gross 

domestic product, as well as into the increase of 

employment, it is necessary to put principles of 

sustainable development into practice through training 

businessmen at their workplace. The purpose of the above 

mentioned project was to develop a special consulting-

based training program for businessmen at their 

workplaces, the application of which will contribute to 

the maintaining of sustainable business in accordance 

with the peculiarities of life cycle stages of a small 

business. 

 

The economic ground of this training programme is 

based on Guna Ciemleja’s PhD research “The sustainable 

performance of small and medium-sized enterprises. 

Problems and solutions” conducted under the scientific 

supervision of prof. Natalja Lace in Riga Technical 

University in 2006 -2010. The didactic approach to the 

elaboration of the content of the training seminars is 

based on workplace learning principles by Stephen Billett 

(2001) [7], while the organisation of the training is 

realized due to Siohong Tih and Takeru Ohe’s model of 

consulting-based entrepreneurship education (Tih & Ohe, 

2009) [29]. 

 

 

2. THE SYSTEM OF AN ENTERPRISE 

SUSTAINABLE DEVELOPMENT 

 

Based on various scholars’ researches on issues of 

sustainable development [2, 3, 9, 12, 13, 18] the authors 

conclude, that the main point of the concept of 

«sustainable development» presents coordinated and 

systemic advancement of an enterprise towards its aims 

which takes place only when all the three dimensions of 

sustainability: social, economic and ecologic are 

incorporated simultaneously into subject’s activities. In 

this respect the following factors of sustainable 

development, that are common to all enterprises, can be 

mentioned: 1) income, which is formed by consumers 

(clients) while utilizing products and services produced 

by the enterprise; 2) financial stability and positive 

dynamics of profitability; 3) competences and skills of 

the personnel; 4) inclusion of ecological issues in the 
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process of enterprise management; 5) positive attitude of 

the society towards the performance of the enterprise. 

 

The authors conclude that sustainability of an enterprise 

depends on the management system of the enterprise, 

which provides effectiveness and efficiency of sub-

systems, taking into consideration deviations from the 

state of equilibrium. It demands concretization of the 

possibilities of practical application of sustainable 

development concept in the enterprise, taking into 

consideration the fact that all the processes which support 

sustainability of an enterprise: 1) are mutually connected, 

2) interact, and 3) functional process of each management 

level is implemented through dimensions of 

sustainability. Thus, the quality of an enterprise 

management influences the total result, including as well 

innovative potential of the enterprise. 

 

A human being as a special element and factor of the 

enterprise system complicates functionality of the system 

with his social expressions, because only a human being 

can create an idea in this system and implement it. The 

authors conclude that viability of an enterprise in a long-

term period depends on the innovative potential, which is 

based upon a creative approach that is implemented by all 

stakeholders of the enterprise – not only employees, but 

as well shareholders and customers [12]. It is justified by 

the results of the activities implemented – discussions in 

the enterprises. 

 

Important factors for the sustainability of an enterprise 

are formed in the social environment. Social capital [8, 

20, 22, 28, 30, 31, 32] can be considered as one of the 

potentials of the enterprise development, which increases 

return from the use of other capitals. Therefore, to 

provide a possibility to acknowledge the linkage of the 

social capital with the enterprise performance in the 

context of sustainable development, the management of 

social and customers’ capital has become of vital 

importance. It influences productivity, competitiveness 

and sustainable development of the enterprise (minimizes 

operative expenditures for obtaining information, 

accelerates circulation of information, lessens asymmetry 

of information and enhances development of new 

knowledge). 

 

In order to improve efficiency of the system, which 

results from both enterprise’s management and 

government efficiency; as for small enterprises, they 

should pay special attention to evaluation of their 

performance [4, 5, 15, 19, 23, 24]. Performance measures 

characterize the fulfillment of goals, but they can be used 

also as a strategic tool for the enterprise management. 

 

Completing Stafford Beer’s [6] idea about the 

significance of enterprise indicators in providing 

sustainability of the system, the authors consider that 

three levels of performance: actual, target (planned) and 

standard are formed in the enterprise. Actual 

performance of the enterprise is formed in certain time 

period as an actual return from the utilization of existing 

resources, taking into account existing restrictions. Target 

(planned) performance corresponds to the return that the 

enterprise plans to obtain from the utilizing of existing 

resources, taking into consideration existing restrictions. 

Standard performance of the enterprise is an eventual 

return that can be obtained by the enterprise if it develops 

existing resources, takes off the restrictions and uses the 

opportunities, which can be achieved taking into account 

the influence of factors maintaining sustainable 

development of the enterprise. Potential performances of 

the enterprise include unused opportunities, which are the 

subject of possible development by using innovations and 

competent enterprise management.  

 

The authors consider that it is possible to improve 

efficiency by utilizing the enterprise’s performance 

measurement system, which includes dimensions of 

sustainable development in combination with the 

elements – processes supporting sustainable development 

of the enterprise: production process, sales process, 

personnel management process, financial management 

process, accounting process. 

 

As a result of interaction between management levels and 

functional fields at each management level, the following 

issues and characteristics incorporated in performance 

measures are being formed: 1) strategic level – strategic 

layout of production machines, choice of placement, 

development of new products, planning of labour force 

long-term development, providing profit, selection of 

accounting technical solutions; 2) administrative level – 

management of production flows and schedules, 

development of production price policy and sales 

promotion campaigns, providing wages, social benefits 

and acquisitions, analysis, budget planning, supervision 

of expenses and income, supervision of prime costs; 

3) knowledge level – development and designing of new 

products, analysis of the market situation, research, 

identification of clients, forecasting employees 

development and careers, analysis of customers cash flow 

and survey of possibilities for decreasing risks, forming 

investment portfolios; elaboration of accounting 

methodology in the enterprise; 4) operational level – 

performance of production machines, load control, 

quality and material consumption analysis; resources and 

time invested in customers’ service; personnel training 

and environment maintenance expenses, supervision of 

customers’ cash flow and accounting operations. 

 

During the period of its existence, the enterprise as a 

social-economic system passes through different 

functional stages, which in literature are defined as 

enterprise life cycle. Concept of the enterprise life cycle 

(ELC) [1, 14, 16, 17, 21, 25, 26, 27] was created within 

the enterprise management theory with an aim to explain 

changes in the enterprise in the context of time.  

 

In literature there is no finalized approach to the devision 

of ELC into stages, as well there is no sound 
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comprehension regarding the number of stages and 

methodological grounds for defining them. A common 

feature of all the models of the ELC is that cyclic 

development of the enterprise can be foreseen, and the 

enterprise ought to function under the existing conditions 

with a future vision, where development possesses 

consequent and qualitative changes. 

 

Therefore, enterprise management, which is oriented 

towards solving problems, specific for the particular stage 

(phase) of ELC, should be considered as a condition 

which enables the enterprise to maintain sustainable 

performance. 

 

In the result of research conducted by G. Ciemleja and N. 

Lace, the model of sustainable performing of SMEs 

taking into consideration phases of the enterprise life 

cycle was elaborated [10]: 

 

 

Growth phase Maturity phase Decline phase

ELC phases 

1. Choice of performance 

indicators to be 

supervised principally 

according to the goal

3.1.Unused reserves 

of efficiency

3.Implementation of the action, analysis of the goal and performance measures, developing the action plan

3.2. Action 

mechanism

Expansion of operations

 Improvement 

of cost structure

Improvement in 

asset turnover 

Raising of customer equity

Acquisition of new customers

Improvement of 

profit margin

Retention of customers

Improvement 

of productivity

Innovation-based attitude

Features: turnover dynamics;  balance of cash flow; profit 

dynamics; level of formalization

Standard and target level of performance indicators

Achievement of goal; Satisfaction of stakeholders interests 

Sustainable performance gap (%)

Liquidity, Marginal values, Productivity, Profitability, 
Indicators of social and environmental factors according 

to the specifics of the sector

4. Correction of target 

values of performance 

measures
Corrected standard performance indicator; 

Corrected target (planned) performance indicator

I.

II. Continuous improvement process, which is directed towards ensuring sustainable 

development

2.Defining of target level 

of performance indicators 

to be supervised principally

 
 

Figure 1. Model of sustainable performing of small 

and medium-sized enterprises in the context of ELC 

 

The model of SME sustainable performing comprises two 

stages: 1) Determining of phases of the enterprise life 

cycle and 2) Continuous improvement process, which is 

directed towards sustainable development.  

This approach to sustainable performance of SMEs was 

applied for elaborating the training program. 

 

 

3. METHODOLOGICAL FRAMEWORK OF 

CONSULTING-BASED TRAINING FOR 

SUSTAINABLE PERFORMING OF SMEs BASED 

ON THE COMPANY’S LIFE CYCLE: PILOT 

PROJECT 

 

While elaborating the content of this training 

methodology for businessmen, the authors used the main 

principles of Stephen Billett’s learning in the workplace:  

- movement from less to more complex tasks; 

- movement from the global to the local; 

- movement from less to more accountable tasks; 

- provision of access to experiences that build up 

knowledge by understanding the goals and 

procedures required for performance [7]. 

 

The aim of the training is to teach and consult 

businessmen on ensuring economically viable business 

based on the principles of the interconnection of 

sustainable development of enterprise and its life cycle. 

In order to achieve the goal set, a course of five face-to-

face seminars is worked out, which are to be held by an 

experienced consultant. Each seminar is programmed to 

cover:  

- the aim and objectives; 

- explanation of concepts, terms and phenomena, 

their interconnection, theoretical basis and 

practical application; 

- explanation and solution of practical tasks (case 

studies); 

- informative material for broadening 

businessmen’s outlook and erudition on the 

theme under consideration;  

- reflection on the knowledge and skills acquired 

in training;  

- links between seminars to make the training 

holistic and logically interconnected;  

- analysis of case study samples. 

 

The organisation of the training is based on Siohong Tih 

and Takeru Ohe’s “Consulting-based entrepreneurship 

education model” [29], which was complemented by the 

findings of researches conducted in the field of 

entrepreneurship education. 

 

This training methodology was tested within a pilot 

project in four Latvian enterprises. Reflection of the 

businessmen involved in the project revealed their 

interest and appreciation of the approaches, activities and 

content of the training, which to their mind gives them 

the feeling of self-confidence, knowledge, skills and 

ground for analysing, comprehending and dealing with 

the problems concerning the sustainable development of 

their enterprises in the contemporary economic situation 

in Latvia. The aim, objectives, and expected outcomes for 

businessmen in the result of this consulting-based 

training are summarized and given in table 1 
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Table 1. The content of five-seminar training cycle for achieving sustainable performance of SMEs on the basis of enterprise 

life cycle  

Aim Objectives Expected outcomes for businessmen 

Seminar Nr. 1  “The challenges on the way of ensuring sustainable development of an enterprise”  

To explain the matter of 

consulting - based 

training to businessmen 

and form their 

comprehension of the 

concepts of sustainable 

development of a SME 

and enterprise life cycle 

in order to prepare them 

for acquiring the training 

methodology. 

1. To explain the aim of the training, its structure 

and characterize the activities needed for achieving 

the aim.   

2. To explain the essence of the concepts of 

sustainable development of a SME and enterprise 

life cycle, as well as the relevant terminology. 

3. To analyse to which extent businessmen are 

experienced in the issues of enterprise management 

which make the basis for providing its sustainable 

development.     

4. To offer businessmen to: a) reflect on what they 

acquired in the course of the seminar and b) prepare 

questions on the theme and topics considered in 

seminar Nr. 1 for the joint discussion and getting 

consultation in the beginning of seminar Nr. 2.   

5. To give idea on seminar Nr. 2. 

1. Understanding of the peculiarities of 

consulting - based training. 

2. Knowledge on the concepts of 

sustainable development of a SME and 

enterprise life cycle.  

3. Active attitude towards the business 

problems of their enterprise.  

Seminar Nr. 2  “Business environmental factors and manifestation of their impact on enterprise performance” 

To explain the essence 

and manifestations of the 

factors of external and 

internal business 

environment which 

impact on the enterprise 

performance in order to 

help businessmen to 

determine the factors 

which hinder and 

promote the performance 

of their enterprise.  

1. To consult businessmen on issues accumulated 

by them after the previous seminar.   

2. To explain the essence and manifestations of the 

factors of external and internal business 

environment which influence the performance of an 

enterprise.   

3. To teach businessmen to: a) determine the impact 

of these factors in their enterprise and b) classify 

factors which hinder and promote the performance 

of their enterprise using special work sheets 

elaborated for seminar Nr. 2.  

4. To offer businessmen to: a) reflect on what they 

acquired in the course of the seminar and b) prepare 

questions on the theme and topics considered in 

seminar Nr. 2 for the joint discussion and getting 

consultation in the beginning of seminar Nr. 3.   

5. To give idea on seminar Nr. 3. 

1. Theoretical knowledge on the 

essence and manifestations of the 

factors of external and internal business 

environment which impact on the 

enterprise performance.  

2. Practical skills of applying this 

knowledge in the case of their 

enterprise for determining the factors 

which hinder and promote its 

performance. 

3. Responsible and active attitude 

towards the business problems of their 

enterprise. 

Seminar Nr. 3  “Enterprise life cycle, its stages and identification parameters” 

To explain the essence 

and procedure of 

determining the  

parameters for the 

identification of the stage 

of enterprise life cycle 

and help businessmen to 

apply this knowledge in 

practice for  their 

enterprise. 

1 To consult businessmen on issues accumulated by 

them after the previous seminar. 

2. To explain what parameters for the identification 

of the stage of enterprise life cycle can be.  

3. To help businessmen to determine the actual 

level of parameters in their enterprise for 

identifying the stage of its life cycle using special 

work sheets elaborated for seminar Nr. 3. To 

analyse the probable solutions of the problems on 

theoretical level together with businessmen.  

4. To identify the stage of the enterprise life cycle 

on the basis of the analysis conducted above.  

4. To offer businessmen to: a) reflect on what they 

acquired in the course of the seminar and b) prepare 

questions on the theme and topics considered in 

seminar Nr. 3 for the joint discussion and getting 

consultation in the beginning of seminar Nr. 4.   

5. To give idea on seminar Nr. 4. 

1. Knowledge on parameters for the 

identification of the stage of enterprise 

life cycle.  

2. Practical skills of evaluating these 

parameters for their enterprise and 

identifying the stage of the enterprise 

life cycle.   

3. Responsible, conscious and active 

attitude towards the business problems 

of their enterprise. 

Seminar Nr. 4  “Determination of efficiency indicators of enterprise performance” 

To train businessmen to 1. To consult businessmen on issues accumulated 1. Knowledge on determining 
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determine the efficiency 

indicators of enterprise 

performance according 

to the stage of its life 

cycle. 

by them after the previous seminar.   

2. To determine target and standard levels of 

efficiency indicators of the enterprise using the 

characteristics for the concrete stage of its life 

cycle. To calculate the efficiency gap of each 

indicator.  

4. To offer businessmen to: a) reflect on what they 

acquired in the course of the seminar and b) prepare 

questions on the theme and topics considered in 

seminar Nr. 4 for the joint discussion and getting 

consultation in the beginning of seminar Nr. 5.   

5. To give idea on seminar Nr. 5. 

efficiency indicators of an enterprise 

performance.  

2. Skills of applying this knowledge 

determining the efficiency indicators of 

their enterprise according to the stage 

of its life cycle. 

3. Responsible, reforming and active 

attitude towards the business problems 

of their enterprise. 

Seminar Nr. 5 “The elaboration of compensation mechanism for sustainable performance of an enterprise” 

To train businessmen to 

elaborate the 

compensation 

mechanism for securing 

sustainable performance 

of an enterprise.  

1. To consult businessmen on issues accumulated 

by them after the previous seminar.   

2. To discuss topics connected to sustainable 

performance of an enterprise and elaborate a 

mechanism for ensuring it in the concrete 

enterprise.   

3. To recommend businessmen specialized 

information sources for deeper analysis of problems 

in their enterprise.  

4. To offer businessmen to reflect on what they 

acquired in the training cycle of the five seminars.    

1. Knowledge on compensation 

mechanism for securing sustainable 

performance of an enterprise.  

2. Skills of creating of compensation 

mechanism for securing sustainable 

performance of an enterprise. 

3. Responsible, reforming and 

proactive attitude towards business 

problems and confidence in possibility 

of finding appropriate solutions in 

different stages of enterprise life cycle. 

 

 

4. CONCLUSIONS 

 
The pilot project “The development of training 

methodology for sustainable performance of SMEs on the 

basis of enterprise life cycle” conducted in four Latvian 

enterprises revealed: 

- the potential and perspectives of this approach for 

overcoming hindrances on the way of sustainable 

performance of enterprises in the contemporary 

conditions of economic crisis in Latvia; 

- the feasibility of broadening the scope of enterprises 

where this training approach could be applicable both in 

Latvia and in other countries;   

- the significance of conducting a more extended research 

encompassing all the three groups of the participants of 

the consulting-based entrepreneurship education – 1) 

businessmen, 2) consultants (academic staff) and 3) 

students for strengthening the ties among enterprise 

performance and entrepreneurship teaching and learning 

in higher educational institutions. 
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ABSTRACT 

 

Irresponsible borrowing promoted financial crisis not only in 

Latvia but also in the rest of the world. After the beginning of 

the crisis the government and other responsible institutions 

realized the necessity to promote responsible lending and 

borrowing. 

The aim of this article is to clarify basic principles of 

responsible lending in lending agreements between banks and 

individuals in Latvia, as well as in the existing legislation that 

regulates this process. 

In order to obtain research results the authors conducted 

qualitative analysis of scientific literature on the issues of 

responsible lending; legislation that regulates mortgage lending 

in Latvia; successful experience of banks in other countries, 

such as Westpac Group, Bank of America and Bank of 

Lithuania; information available on home pages of banks about 

commercial bank loan volumes for mortgage loans with 

different types of real estate asset backing; information included 

in loan agreements of four commercial banks and its 

compliance with the laws and regulations. Loan borrower 

evaluation stages for review of a new loan application were 

developed. On the basis of loan agreement analysis the authors 

elaborated a formula of monthly loan payments in occurrence of 

unfavourable period for the client of the bank. 

As a result of the research authors came to a conclusion that in 

Latvia there is no legislation that directly regulates mortgage 

responsible lending and borrowing in Latvia similarly as in 

Lithuania laws and regulations should be developed that would 

regulate the maximum possible amount of the loan depending 

on the market or purchase value of the real estate thus also 

levelling off the competition between local commercial banks 

and affiliations of foreign banks in Latvia. 

During the research the authors also faced some restrictions, as 

not all banks in Latvia, which continue lending activities, are 

willing to give information included in loan agreements. 

The research conducted by authors will be significant not only 

for the banks analyzed in this article, but also for borrowers, 

allowing them to make objective appraisal of loan agreement 

terms of each bank. 

 

Keywords: Responsible lending, laws and regulations, 

agreements, loans, banks, Latvia. 

 
1. INTRODUCTION 

 
Banks play the main role in financing of entrepreneurship and 

services in all sectors of the national economy, thus it is 

essential for bank analysts to evaluate solvency of customers by 

reviewing new loan transactions and thus avoiding unforseen 

expenses that might occur as a result of irresponsible financing 

of loan transactions and in such a way maximally decreasing 

both social and financial risks. 

The issue of responsible lending came into focus of attention 

and started to get solved upon the onset of financial crisis that 

caused consumer distrust towards the bank sector as such, thus 

unambiguously resulting also in higher payment for products 

and services offered by banks. One more important factor is that 

loans play an important role in all national economies; it was 

clearly seen in Latvia as well, creating opportunity for 

entrepreneurs to purchase new and modern manufacturing 

equipment in the pre-crisis period, thus increasing 

competitiveness. It was also confirmed by the statement of the 

European Commissioner for Internal Market and Services 

The financial crisis has shown the damage 

that irresponsible lending and borrowing practices can have on 

consumers, lenders, the financial system and the economy at 

large  [1]. 

Many banks in the world and also in Latvia carried out 

aggressive market drives by dumping loan interest rates in 

relation to their competitors, thus disregarding human capital 

and its significance. Already in 2006 Watchman et al. 

mentioned that creditors should change their aggressive loan 

policy to a new one that would be based on environmental 

issues, sustainable development and human resources, in such a 

way directing banks towards responsible lending [2]. Whereas 

the Centre for Responsible Lending mention consequences in 

the real estate market that led to its stagnation as the main 

problem of irresponsible lending [3]. 

There are both positive and negative points in such comparison. 

On the positive side there is the fact that Latvia is a small 

country and the scale is not comparable, for example, with 

Germany, but rather comparable with Montenegro. The U.S.A. 

banking sector operates on a completely different scale. The 

total assets of 416 problem American banks at the end of June 

2009 amounted to 299.8 billion dollars [4]. 
The negative point is that the current level of aggregate capital 

of Latvian banks does not meet the requirements of economic 

growth and does not allow the bank lending system to deploy 

the real sector of economy. The problem of capitalization of the 

Latvian banks increased as their lending was exacerbated by the 

growth of bad loans. 
The purpose of the research is to find out how the basic 

principles of responsible lending in lending agreements between 

banks and individuals in Latvia are considered, as well as to 

study the existing legislation that regulates this process. 

The object of the research is responsible lending in Latvia. 

To achieve the goal the following research methods were used: 

quantitative and qualitative methods, including the method of 

sociologic research and the descriptive method. 
 

2. LITERATURE REVIEW 

 
With the beginning of the financial crisis, in the scientific 

literature great attention was paid to responsibility of banks for 

credit products they offer, especially making topical the issue of 

responsible lending. So what is responsible lending? There is no 
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unambiguous answer to this question in the scientific literature, 

it mentions only that it is regulated by directives that specify 

information to be included in loan agreements and that the 

liabilities in present and in future. 
Already in 2005 Hutchings in his research mentioned that banks 

do not perceive their mutual competition as an advantage but 

rather their ability to develop responsibility for services offered 

by banks [5]. Whereas Bricker et al emphasized that responsible 

lending is also based on asset creation that includes also total 

assets of households [6]. In other literature sources it is stated 

that responsible lending is not based only on financial factors 

but also on environmental factors that includes also sustainable 

development [7]. 

Banks not only in the European Union but also in the entire 

world more and more often put forward responsible lending as 

one of the prerequisites for successful development. It has been 

also stated by Bank of  Montreal Financial Group that banks 

focus on responsible lending practice and development strategy, 

thus ensuring effective decision making [8]. For example, also 

principles of responsible lending are being implemented, they 

are based on loan value ratios, risk management, as well as 

resilience against problems of market imbalance [9]. 

According to Australian Securities and Investment Commission 

credit licensees are liable also for responsible lending, as it is 

stated in Ch 3 of the National Consumer Credit Protection Act 

2009 [10]. The main concept of this act is that consumer does 

not have to sign a loan agreement if it does not suit him/her. At 

the same time, European Commission in accordance with the 

statement of President of the European Council 2009-COM 

(2009) 114, undertook to come forward with measures at EU 

level on responsible lending and borrowing, including a reliable 

framework on credit intermediation, in the context of delivering 

responsible and reliable markets for the future and restoring 

consumer confidence [11]. 

In the White Paper on the Integration of EU Mortgage Credit 

Markets it is defined what exactly refers to responsible lending 

and borrowing, including pre-contract information, consultation, 

evaluation of solvency, early repayment and credit 

intermediation [12]. For example, according to 2007 data, in 27 

European Union countries proportion of unpaid mortgage 

credits was 50.1% of European Union GDP, which in some 

member countries such as Spain, Ireland, Great Britain, Latvia 

and Lithuania sharpened the consequences of EU financial crisis 

[11]. 

 

2.1. Bank System in Latvia 

 
The bank system in Latvia developed rapidly after Latvia 

regained its independence. During the first four years from 1991 

till 1994 67 banks received licences. Although the total volume 

of actives in the bank system tripled in years 1992-1994, only 

47 out of 55 licensed banks at the end of 1994 were able to 

submit annual report in the set time limits and only 16 of them 

finished the year with profit. 

There are several reasons why Latvia had to go through the 

bank crisis. The bank sector developed too fast and much faster 

than economic environment, in which this sector operated. Real 

estate and securities markets were not sufficiently developed to 

provide liquid asset backing for granted loans. Due to lack of 

experience bankers and entrepreneurs made mistakes in 

crediting and in evaluation of business plans [13]. 

Since June 30, 2010 Latvia holds possession of three banks  

 the 

development bank (at the end of September 2009 its equity 

-up capital). With the decision 

of the government of the Republic of Latvia on February 27, 

2009 85.14% of the state-

were transf

16. ]. 

As shown by the Association of Commercial Banks of Latvia 

(ACBL) data for the 4th quarter of 2011, Latvian banking 

services are provided by 22 banks and 9 foreign bank branches, 

the European Economic Area countries also established credit 

institutions or their branches, which submitted the application to 

the FCMC, the with one bank - "VEF Banka" from 26.05.2010. 

bankruptcy [15]. 

 

2.2. Laws and Regulations Regulating Responsible 

Lending in Latvia 

 
Concerning the issue of responsible lending in the European 

Union on March 31, 2011 the European Commission issued the 

final version of the Directive of the European Parliament and 

Council COM (2011) 142  2011/0062 (COD) on Credit 

Agreements Relating to Residential Property [16]. This 

directive refers to the European Union member countries. It 

should be noted that several member states apply separate 

Directive 2008/48/EK of the European Parliament and of the 

Council of 23 April 2008 on Credit Agreements for Consumers 

for mortgage credits. The directive mentioned before refers to 

consumer credits from EUR 200 to EUR 75,000. The basic 

purpose of directive 2008/48/EK is to regulate promotional 

information, pre-contract information, information that should 

be included in the agreement, evaluation of solvency, proper 

explanations and demand for information disclosure with credit 

intermediation. The same directive refers to credits for 

purchasing real estate with a security of mortgage or collateral 

equated to it, or loans for reconstruction of the housing [17]. 

In Latvia consumer protection is regulated by a range of 

legislative acts that refer to both credits granted by banks and 

non-bank financial institutions: Law on Protection of Consumer 

Rights [18], Civil Law [19], and Cabinet Regulation No.1219 

adopted on 28 December 2010 Regulations on Consumer Credit 

that came into force on 1 May 2011 [20], European Union 

Directive 2008/48/EK [17]. 

Mortgage borrowers in Latvia are protected by Law on 

Protection of Consumer Rights, edition as of 01.11.2011. that 

came into force on 22 June 2011. 

Section 8 of this Law sets special provisions with respect to 

loans for which repayment is backed with an real estate 

mortgage. The most essential terms for such loans: 

1. Section 8, Clause 1  a grantor of credit is not entitled to 

request from a consumer who has not made any significant 

violation of the contract:  

Subclause 1  additional security of the granted credit on the 

basis of reduction of the value of immovable property in the 

credit security due to the changes in the immovable property 

market; 

Subclause 2  any costs for revaluation of mortgage credit 

security during the term of the contract;  

Subclause 3  the pre-term repayment of the credit granted. 

2. Section 8, Clause 2  if a consumer who has not committed 

any significant violation of the contract asks to do it, the grantor 

of credit has the duty to examine the proposal of the consumer 
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regarding extension of the period of time for credit repayment 

or change of the currency of the credit. In case of refusal the 

grantor of credit shall, within 30 days, issue a motivated reply to 

the consumer. 

3. Section 8, Clause 3  The changes in contract provisions 

referred to in Paragraph two of this Section may not be less 

favourable for a consumer in comparison with the existing 

market conditions at the time when the changes to be made in 

the contract are offered. The consumer is entitled to request the 

making of changes referred to in Paragraph two of this Section 

not less than once a year. The grantor of credit is not entitled to 

request any compensation for making of such changes, except a 

justified and reasonable payment for administrative 

expenditures of the service. 

4. Section 8, Clause 4  significant violation of the contract 

shall be considered: 

Subclause 1  delay of repayment of credit or interest payment 

for more than 60 days or more than three times a year for more 

than 30 days each time; 

Subclause 2  the use of credit for the purpose other than 

specified in the contract [18]. 

The other law that partly regulates mortgage lending is Cabinet 

Regulation No.1219 adopted on 28 December 2010, 

Regulations on Consumer Credit [20].  These regulations are 

based on suggestions of Directive 2008/48/EK of the European 

Parliament and the Council of 23 April 2008. Cabinet 

Regulation No.1219 covers issues that define calculation of 

annual interest rates; requirements for advertisement of 

crediting services; information that must be given to consumer 

before signing the credit agreement; information that should be 

included in crediting agreement (type of credit, creditor, 

agreement term, sum and terms of settlement, interest on 

delayed payments, consequences of default on payment); 

consumer notification; advanced repayment of credit. 

 

3. METHODOLOGY 

In the research part the authors analyzed responsible lending 

credit agreements for mortgage credits for private individuals.  

To obtain results the authors performed qualitative analysis; 

reflection on bank credit changes from 2006 to March 2012; the 

summary of the volume of crediting loans on the basis of 

different types of mortgage loan securities (apartment, house, 

land); as well as on the basis of credit agreement analysis the 

authors elaborated a formula for calculation of monthly loan 

payments in occurrence of unfavourable period for the client of 

the bank. 

As the result of qualitative analysis information about good 

practice of banks from other countries was acquired, for 

example, the data on Westpac Group (Australia), the Bank of 

America (the United States of America), the Bank of Lithuania 

(Lithuania) experience in the issues of responsible lending and 

its basic principles, and information included in mortgage loan 

agreements of four commercial banks of Latvia and their 

compliance to the laws and regulations of Latvia. The names of 

the banks were substituted with labels Bank 1, Bank 2, Bank 3 

and Bank 4, because information included in credit agreements 

is not publicly available on home pages of banks. Stages for 

borrower evaluation were developed while reviewing credit 

applications. 

4. RESEARCH DATA 

To understand how other banks realized the responsible lending, 

the authors performed the analysis of the terms for responsible 

lending in Westpac Group (Australia), the Bank of America 

(United States of America) and the Bank of Lithuania 

(Lithuania): 

1. Westpac Group: 

1.1. Offers its clients products and services that they can afford. 

This principle includes conformity to definite local legislation, 

credit evaluation policy created by the bank; evaluation of credit 

application that includes information available in databases in 

employees about criteria for granting loans; providing clients 

with information about possible loans so that they can evaluate 

their ability to settle the undertaken liabilities.  

1.2. Product and service market is based on responsibility. The 

essence of terms  on the basis of principles of ethical and legal 

practice to inform clients about products and services provided 

by the bank; understand the demands and aims of the clients; 

estimate when the offered loan is not suitable for the client; 

evaluated in case of increasing credit card limit and loan; loan 

agreement monitoring process. 

1.3. Solutions for clients who got under financial pressure. 

Process based on mutual understanding between bank  client 

including remissions for clients who get into difficulties; search 

for solutions, loan repayment holidays. 

1.4. Level of financial education of interested parties. Based on 

finance education programme; availability of products and 

services; support local producers [21]. 

2. Bank of America has accepted National Association for the 

Advancement of Colored People (NAACP), that are based on 

responsible borrowing: 

2.

nationality, gender and other social principles.  

2.2. Every borrower will have the option of selecting a loan 

product that is appropriate for his or her circumstances.  

2.3. Institutions will seek to eliminate policies or practices that 

encourage biased and exploitive behaviours toward borrowers. 

2.4. Borrowers will be approved only for loans they have a 

current ability to repay.  

2.5. Each policy may be maintained and monitored for its racial 

impact. 

2.6. All borrowers will have access to free information on 

existing loans. 

2.7. Lenders will work with borrowers to prevent foreclosures. 

2.8. Lending institutions will support and implement 

integration. 

2.9. Workforce diversity in decision making [22]. 

3. Bank of Lithuania responsible lending is regulated by 

Resolution No 03-144 of 1 September 2011, with the following 

principles: 

3.1. Before making lending decision credit institutions should 

the credit also in case of violation of contractual obligations; 

3.2. Information about premature credit repayment conditions 

should be included in credit agreement; 

3.3. Prior to credit granting a qualitative and quantitative 

assessment of the property must be conducted; 

3.4. Maximum loan-to-value ratio for credits granted for 

purchase of real property shall account for 85% of the market 

value or price of mortgage. The same principle refers also to 

construction and on the basis of actual volume of work done.  

There are also exceptional cases when loan-to-value ratio may 

be increased up to 10%, if this Project is supported by the State 

and conforms to the requirements established by the Law of the 

Republic of Lithuania on the State Support for Dwelling 

Acquisition or Rent and Renovation (Modernisation) of Blocks 

of Flats; credits supported by the State if the amount of granted 

credit does not exceed: for a single person  LTL 120 000 and 

for the family of two or more persons  LTL 240 000. 
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3.5. If the borrower wants to purchase more property, it should 

be subject to tighter limits.  

3.6. For purchase of agricultural parcels loan-to-value ratio may 

not exceed 40% of acquisition price or market value of the 

parcel being purchased. 

3.7. Loan-to-value ratio for credits secured by mortgage of 

different types of property shall be calculated separately per 

each property. 

3.8. The average amounts of repayments of the principal and 

payments of interest shall not exceed 40% of income of both 

enterprises and households.  

3.9. The credit granting decision shall be based on the history of 

sustainable income of minimum six months as well as current 

expenses. 

3.10. If the credit currency differs from currency of the 

risk should be considered [23]. 

On the basis of the Association of Commercial Banks of Latvia 

and the Financial and Capital Market Commission (FCMC) 

data, in Figure 1 the authors have illustrated the total credit 

changes from 2006 to March 2012. According to FCMC data, in 

March 2012 38% of newly granted credits were issued for 

business development (non-financial and financial enterprises) 

and 62% to households, including residents and non-residents. 

What concerns the proportion of delayed credits, the proportion 

of credits delayed for more than 90 days in the total credit 

portfolio of the bank sector at the end of March reached 13.7% 

household credit portfolio but 13.4% in resident corporate client 

credit portfolio.  

 
Fig.1 Changes in the volume of bank credits in Latvia 

 

According to the information available on home pages of banks, 

there are 9 banks in Latvia that actively offer loans to 

individuals: Citadele, DnB, Nordea, PrivatBank, Rietumu, SEB, 

SMP Bank, Swedbank, Trasta komercbanka. Whereas 

passively, without providing detailed information about the 

volume of the offered loans, 3 more banks offer loans: ABLV, 

Baltic International Bank, GE Money Bank. Some banks, such 

as Latvian Business Bank, Expobank, Rigensis Bank do not 

offer loans at all, Norvikbank offers consumer lending, Latvian 

Mortgage and Land Bank performs the functions of the 

development bank, Investment Bank offers loans to enterprises 

for current asset increase, UniCredit Bank also offers loans to 

enterprises. 

To evaluate the current situation in commercial banks in Latvia 

concerning credit volumes to individuals, which are backed by 

real estate, the authors summarized the information available on 

home pages of 9 banks and presented it in Table 1. 

 

Table 1 

Volume of loans in commercial banks of Latvia 

Name of the 

bank 

Loan volume for purchasing 

housing  

Loan volume for construction  Loan volume for purchasing 

land 

Citadele Up to 70% of the market value of real 

estate (new mortgage)*, up to 90% of 

the market value (standard mortgage) 

Up to 70% of the market value of real 

estate (new mortgage)*, up to 90% of 

the market value (standard mortgage) 

Up to 70% of the market value of 

real estate (new mortgage)*, up to 

90% of the market value (standard 

mortgage) 

DnB Up to 90% of the real estate value  Up to 75% of the value of house in 

future  

No information  

Nordea Up to 90% of the market value of real 

estate 

Up to 85% of the value of house in 

future  

For purchase of land  for building 

a house  

PrivatBank Up to 85% of the market value of real 

estate 

Up to 85% of the market value of real 

estate 

Up to 85% of the market value of 

real estate 

Rietumu 

banka 

70% of the market value of real estate 70% of the market value of real estate 50% of the market value of real 

estate 

SEB Up to 85% of the value of real estate  Up to 80% of the value of the building 

in future  

No information  

Swedbank Up to 90% of the market value of real 

estate, 85% for standard projects 

Up to 90% of the market value of real 

estate 

No information  

SMP Bank Up to 90% of the market value of real 

estate 

Up to 90% of the market value of real 

estate 

No information  

Trasta 

komercbanka 

Up to 75% of the value of real estate Up to 75% of the value of real estate No information  

 

*New mortgage credit provides possibility to extinguish credit 

liabilities at any moment of credit agreement, transferring the 

mortgaged real estate into possession of the bank. 

 

Information included in Table 1 shows that the range of loan 

volume for purchase of housing and construction offered by 
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banks varies between 70% and 90% of the market value of the 

property. 

On the basis of Law on Protection of Consumer Rights, Cabinet 

Regulation No.1219 and the EU directives, the authors, from 

their own point of view, performed evaluation of conformity of 

points included in credit agreements of 4 leading banks, to these 

regulations and their comparison to credit agreements in force 

in 2012. 

The analysis of credit agreements showed that banks in their 

credit agreements have included information that is based on 

existing legislation of Latvia and the EU concerning responsible 

lending and borrowing: 

1.  

2. Aims of credit use; 

3. Duration of credit agreement; 

4. Reference to currency, if the credit is taken in foreign 

currency, with explanation concerning the influence 

of credit in foreign currency on consumer; 

5. Annual interest rate; 

6. Sum and credit repayment instalments; 

7. Frequency or exact dates of interest payment and 

other payments; 

8. If the total amount of payment is not known, its 

calculation method is given; 

9. List of payments related to credit; 

10. Reference to the availability of advanced credit 

repayment and description of terms; 

11. Reference to the necessity for property assessment 

and institutions that perform it; 

12. Type of agreement security backing; 

13. Liability for breach of terms of agreement. 

planned commission. Bank 1, Bank 2 and Bank 3 did not 

include information about credit refinancing and associated 

expenses in their agreement terms. 

What concerns the volume of mortgage loan, Bank 1 foresaw 

the penalty not only for delayed payments but also for delayed 

submission of real estate insurance policy, with amount of 0.5% 

of the volume of gratuitous loan on the day of default on 

obligations (min LVL 100.00, max LVL 1,000.00), for not 

submitting specific information and/or documents to the bank  - 

0.05% (min LVL 5.00 and max LVL 500.00), as well as other 

defaults on obligations - 0.25% of volume of gratuitous loan but 

not less than LVL 100.00. 

Bank 2, in turn, charges penalty of 0.16% per day from the sum 

of delayed credit payment for each delayed day for delayed 

credit payment, the same terms apply also to interest payments. 

The Bank also has special penalties for construction credits, if 

there is no compliance with laws and regulations concerning 

building permit, change of such personal data as name or 

surname of the borrower, as well as if the mortgaged real estate 

is not insured, the bank charges penalty of LVL 100.00. The 

Bank also intended to increase the interest rate from 0.25% to 

1.0% if there have been delayed payments taking into account 

the number of days and frequency. 

Bank 3 charges penalty for not submitting the required 

documents on time  LVL 2.00 per day. 

Bank 4 charges penalty of LVL 25.00 for not submitting a new 

insurance policy and documents requested by bank on time, for 

change of residence or other personal identification data. The 

Bank charges additional penalty if the client repeatedly has not 

insured the mortgaged property  LVL 200.00, for additional 

terms in credit agreement 0.2% of the volume of gratuitous loan 

for each delayed day, but not more than 10% of the volume of 

gratuitous loan, as well as 10% from the amount of credit that 

has not been paid on 31st day, if the client has received preterm 

repayment request from bank. 

For banks to become responsible for not only information that 

should be included in credit agreement but also for clients, they 

have to base their activities not only on financial but also social 

factors, by including environmental factors in the evaluation 

process of credit application, as it can be seen in Table 2. 

 

Table 2  

considering new credit application 

Stage Activities to be implemented  

1st 1. Loan application; 

2. Obtaining of general information about 

the client. 

2nd 1. Evaluation of 

into account financial factors; 

2. Evaluation of offered security backing 

on the basis of environmental factors. 

3rd 1. Draw up of the loan proposal  

4th 1. Decision making 

5th 1. Signing the agreement and monitoring 

 

As it can be seen in Table 2, the most important stage in the 

not only financial threats but also environmental factors are at 

play. If, for example, a piece of land is used as a credit security 

backing, it is necessary to get information about whether there 

has been a factory on this land or some sort of pollution that is 

or could cause environmental pollution. When mortgaging a 

piece of land that is polluted, in the future it could cause 

additional expenditures for bank if it comes into possession of 

the land in case the client is not able to settle the debt. After 

stating nonconformity of one or the other factor, evaluation of 

solvency remains on the 2nd stage, which is followed by credit 

refusal. 

On the basis of the performed analysis of the information 

included in bank loan agreements and imposed sanctions for 

breach of agreement terms, the authors elaborated a formula. 

The formula will allow calculating the amount of monthly credit 

payments and total expenses expected in case of any 

unfavourable scenario, for example, delayed credit payment, 

documents not submitted to the bank and other non-compliance 

to special terms. 

 

 

Where: c  proportion of total expenditure increase in 

monthly credit payment;  

D1  penalty for delayed payments; 

D2  penalty for delayed submission of insurance 

policy; 

D3  other penalties; 

r - the monthly interest rate, expressed as a decimal, not 

a percentage. Since the quoted yearly interest rate is not 

a compound rate, the monthly interest rate is simply the 

yearly interest rate divided by 12; dividing the monthly 

interest rate by 100 gives r, the monthly rate expressed 

as a decimal; 

n - the number of monthly payments, called the loan's 

term; 

P - the amount borrowed, known as the loan's principal. 
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CONCLUSIONS 

 
In order to evaluate the overall situation in Latvia and the 

European Union the authors see it necessity for future research 

to perform analysis of laws and regulations of all European 

Union member states that concerns responsible lending. 

During the research the authors faced a restriction that bank 

loan agreements are not publicly available and in order to 

preserve confidentiality of the banks that were willing to 

cooperate, the authors substituted the names with labels. 

The new mortgage credit offered by commercial bank that 

provides opportunity to settle liabilities  at any time of duration 

of the loan agreement, transferring the mortgaged real estate 

into possession of the bank, can promote irresponsible 

borrowing because the client will be able or willing at any time, 

for any reason to give away his mortgaged real estate, thus 

causing new fluctuations of the market and decrease in real 

estate prices, as well as additional expenses to the bank that will 

happened in the USA. 

The authors consider that in Latvia regulations that strictly 

regulate mortgage lending issues should be introduced, because 

as seen considering the analysis of loan agreements, banks 

comply with the existing legislation. In addition to evaluation of 

existing financial factors evaluation of environmental factors 

should be performed. 

Also the authors consider that in Latvia, similarly as in 

Lithuania, it is necessary to set equal terms of lending for all 

banks, that would include the maximal allowable sum from the 

market value of real estate or purchase sum, average proportion 

of credit and interest payment against income. 
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ABSTRACT 

The aim of this article is to assess the existing business models 

used by the banks operating in Latvia and 18 largest banks 

operating in the EU in the time period from 2006 till 2011.  

In order to obtain research results, the authors performed 

qualitative analysis of the scientific literature on bank business 

models, which have been grouped into clusters that consist of 

such components as: 1) capital and reserves; 2) assets; 3)  

deposits, and 4) loans.  

In their turn, bank business models have been developed based 

on the types of core activities of the banks, and have been 

divided into four groups: Wholesale, Investment, Retail and 

Universal Banks. Descriptive statistics have been used to 

analyse the models, determining mean, minimal and maximal 

values of constituent cluster components, as well as standard 

deviation.  The analysis of the data is based on such bank 

variable indices as Return on Assets (ROA) and Return on 

Equity (ROE). 

Having conducted the research the authors have come to the 

conclusion that Retail Banks both in Latvian and the EU may 

face the need for a new business model in future. Meanwhile, 

Investment Banking is the most efficient existing bank business 

model in Latvia, and Universal Banking is most efficient in the 

EU.   

The authors see it necessary to conduct assessment of bank 

business models in future considering not only on financial, but 

also social and environmental aspects.  

The research conducted by the authors may be of practical 

significance for the banks analysed in the article while they 

review their future aims and plan their future business strategy. 

Keywords: Banks, business model, Latvia, the EU banks, 

ROA, ROE 

1. INTRODUCTION 

The world has been witnessing the economic recession for the 

last four years or so and there seems to be no end in sight. The 

supreme mortgage crisis in the USA has been the genesis of this 

financial disaster. In the period of unbridled optimism that 

preceded the recession, American banks, mortgage companies 

and savings and loan associations granted housing loans and 

mortgages to thousands of eager buyers, and that enabled less 

than stellar credit worthy individuals to purchase an ownership 

in homes and other medium to long-term assets of their choice. 

The EU has taken steps to revive its industries, enacting new 

capital requirements, governance and other rules and regulations 

that it hopes will prevent such a crisis from happening again. 

But by and large, the world economy needs to be rescued and 

put back on its feet [1].  

Clearly something is wrong with the way business has been 

conducted at the banks. We not only need a new business 

model, we also need good and honest governance in order to 

make it a success. The greed of bankers and their short-term 

insistence on earning fees and commissions need to be looked at 

thoroughly.  New rules need to be enforced that would look at 

the long-term fundamentals and prevent a crisis from happening 

in any of the sectors that are so important for our business 

progress. Consequently, the banks also need to introduce 

economic innovations, as banks play a significant role in the 

national economy [2]. 

However, the peculiarity of the Latvian banking system in that 

its total assets equal the assets of just several North American 

banks, which means lack of competitiveness of the banking 

industry. Thus, the total assets of Latvian commercial banks 

together with the assets of the Bank of Latvia at the end of 2009 

did not exceed 30 billion LVL. For example, in the U.S. there 

were 6.9 thousand commercial banks (in Germany – 2.4 

thousand). Four of them - JPMorgan Chase, Citigroup, Bank of 

America and Wells Fargo - owned 64% of total banking assets 

in the country. The assets of only one of them - Bank of 

America Corp. - exceeded 2.2 trillion USD [3]. 

The purpose of this research is to assess the existing business 

models used by the banks operating in Latvia and 18 largest 

banks operating in the EU in the time period from 2006 till 

2011.  

To achieve the goal the following research methods were used: 

quantitative and qualitative methods, including monographic 

and descriptive methods. 

2. LITERATURE REVIEW 

A bank’s business model is described considering the following 

factors: how the bank’s operations are organised, the way it 

actually performs its business activities, the quality of its 

products and services, as well as their price [4]. 

In the last decade banks mainly focused on consumer credits, 

considering lending the main bank product, at the same time 

disregarding other products and services.  For example, Beck et 

al. mention loans and deposits as the main products offered by 

commercial banks [5].  However, their activities should perform 

three basic functions: 

1. banks provide the public with liquidity (money) and 

payment services through their deposit-taking 

business; 

2. banks transform assets in terms of denomination, 

quality and maturity, as well as manage the associated 

risks; 

3. banks process information and monitor borrowers 

using specialized technologies [6]. 

Particularly after the onset of the economic crisis in the 

scientific literature it is widely discussed that banks cannot 

anymore work according to the same principles as before, and 

that they should without delay change the traditional business 

model for a new one.   

Beattie and Pratt state that with the increase of competition 

among the banks, know-how, patents, qualified staff and other 
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intangible assets become the main values of the enterprise [7].  

In the scientific literature two types of models that characterise 

banks are discussed: those considering a bank’s economic 

activities and those considering a bank’s ability to take risk [8]. 

The President of the Association of Commercial Banks of 

Latvia Tverijons also points at the necessity to introduce new 

business models, „encouraging entrepreneurs not to rely on the 

business model that foresees development based on lending 

only – in the post-crisis Latvia such model would not anymore 

be feasible” [9]. 

Many authors mention that the existing banking business as 

well as its existence is threatened by new bank capital 

requirements, which have been introduced according to Basel 

III. A global regulatory framework for more resilient banks and 

banking systems. Basel III regulatory framework foresees to 

strengthen global capital and liquidity requirements with an aim 

to improve elasticity in the banking sector, to improve the 

banking sector’s ability to absorb shocks arising from financial 

and economic stress, in such a way reducing financial sector 

risks, which have the most direct impact on the real economy 

[10]. In order to introduce these requirements three parts of the 

framework have been developed: capital reforms, liquidity 

reforms, and overall stability improvement of the financial 

system. The essence of these reforms is to set firmer 

requirements for the first level equity capital and first level 

equity capital ratios [11].  

Correlation among bank risks and other important factors, such 

as capital adequacy [12], securities and their connection with 

financial markets [13], operational efficiency and corporate 

governance [14], as well as the necessity to diversify risks [15] 

was analysed in the scientific literature even in the pre-crisis 

period.  

Discussing bank business models, Argosh points out that the 

processes used in bank operations are very obsolete, as still at 

present banks relatively widely use non-digitalised processes.  

In this respect banks will have to introduce digital products, as 

well as products and services which will respond to consumer 

needs [16]. In turn, Rajan stated that banks can obtain 

competitive advantage if they have as much information about 

their clients as possible [17]. That will give them the 

opportunity to adjust products and services to the needs of their 

clients.  Haldane also stressed that banks should be as 

diversified as possible thus safeguarding themselves against 

financial crises [18]. Fremerey and Hagen, in their turn, point 

out that long-term development of a bank can be ensured only 

by such business model that will be focused on dynamic 

development, diversification and volume of the assets, balance 

between income and expenditures, and relative market share in 

relation to three biggest banks [19]. Other sources stress that 

monitoring is an important component of a business model [20; 

21]. 

3. METHODOLOGY 

Analysis of the business models have been performed on the 

basis of clusters discussed in the scientific literature. They 

consist of: 1) capital and reserves; 2) assets; 3) deposits, and 4) 

loans.  

Descriptive statistics have been used to determine the 

constituent cluster components, it was performed distinguishing 

four types of business models:   

1. Wholesale Banks – provide services to large corporate 

clients, characterised by a relatively small branch network, few 

distribution channels developed, concentrate on lending and 

financial markets; 

2. Investment Banks – activities are concentrated on financial 

markets, transactions in the stock market, issuance of shares, 

raising capital;   

3. Retail Banks – core activities are concentrated on providing 

services to individual customers, fewer activities aimed at legal 

entities and fewer operations in financial markets;   

4. Universal Banks – combination of all three previous clusters, 

offer all types of bank products and services.   

Taking the above-mentioned cluster components as the basis, 

the authors analysed the data on the existing bank business 

models in Latvia and 18 leading EU banks considering 

December 2011 figures. The analysis was also based on such 

indices as Return on Assets (ROA) and Return on Equity 

(ROE). 

The data were mainly extracted from publicly available 

information on the home pages of the Association of 

Commercial Banks of Latvia [22], European Central Bank [23] 

and other banks. The indicators were obtained from annual 

reports for the period from 2006 till 2011 as of December 31 of 

each year. 

4. RESEARCH DATA 

4.1. Business model used by Latvian banks 
  

As it is demonstrated by the data on deposit and loan volumes 

from the home page of the Association of Commercial Banks of 

Latvia [22] summarised by the authors, a considerable decrease 

in loan volumes can be observed since 2008. At the same time, 

in the period from 2009 till 2010 the volume of deposits grew, 

in consequent periods it was characterised by dynamic trends. 

The summarised data are presented in Fig. 1.  

Fig. 1. Dynamics of change in deposits and loans at Latvian 

banks 

In order to present the data on the total assets of Latvian banks 

as of 31.12.2011., as well as the changes in assets from 2006 till 

2011, the data available on the home pages of Financial and 

Capital Market Commission [23], the Association of 

Commercial Banks of Latvia [22] and banks were summarised.  

The changes in assets are summarised in Table 1. 

As the data in Table 1 demonstrate, the most significant 

reduction in assets has occurred at Allied Irish Banks Latvia 

Branch – 52.4%, UniCredit Bank – 23.7, Swedbank – 21.9%, 

Danske Bank Latvia Branch – 17.3%, Skandinaviska Enskilda 

Banken Riga Branch – 13.4%, but at Citadele Bank – 5.2%. 

However, other banks are characterised by increase in assets. 

For example, in case of ABLV Bank it can be explained by the 

fact that it refocused its activities from granting loans to active 

monitoring of the clients. 
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Table 1. Change in assets of Latvian banks from 2006 till 2011 

No Name of the bank  Assets 

(LVL 

thousands, 

2011)

Change in 

assets 

(2006-2011) 

1. Swedbank 3 708 979.3 -21.9% 

2. SEB banka 2 699 140.8 8.5% 

3. Nordea Bank Finland 

Latvia Branch

2 175 220.9 105.4% 

4. ABLV Bank 1 853 188.9 96.8%

5. DnB Bank 1 790 143.7 36.5% 

6. Citadele Bank* 1 439 436.1 -5.2% 

7. Rietumu Bank 1 438 083.9 51.9% 

8. Mortgage and Land 

Bank  of Latvia  

755 453.1 15.2% 

9. Latvian Savings Bank 641 489.6 61.1%

10. UniCredit Bank* 622 032.5 -23.7% 

11. NORVIK BANK 618 025.4 107.5%

12. TRASTA 

KOMERCBANKA 

312 738.5 27.1% 

13. PrivatBank 300 422.9 135.1% 

14. Regional Investment 

Bank  

246 503.2 150.8% 

15. LTB Bank 242 554.9 88.2%

16. Danske Bank Latvia 

Branch* 

235 704.2 -17.3% 

17. Baltic International 

Bank

235 676.9 151.3% 

18. Baltikums Bank 213 249.3 157.8%

19. SMP Bank 148 127.1 171.1% 

20. GE Money Bank 143 477.0

21. BIGBANK Latvia 

Branch*

59 000.6 196.3% 

22. Latvian Post Bank* 47 357.4 344.9% 

23. Allied Irish Banks 

Latvia Branch* 

28 268.2 -52.4% 

24. Eesti Krediidipank 

Latvia Branch* 

28 020.3 0% 

25. Svenska 

Handelsbanken AB 

Latvia Branch*

26 359.9 524.1% 

26. Rigensis Bank* 13 212.8 0% 

27. Latvian Business 

Bank  

4 476.0 48.5% 

28. Skandinaviska 

Enskilda Banken Riga 

Branch

466.6 -13.4% 

*Data on Citadele Bank for 2010 and 2011, as on 30 June, 

2010, it was detached from the restructured Parex Bank, and 

started its activities on 1 July, 2010.  Data on UniCredit Bank 

for 2007. Danske Bank Latvia Branch started its activities in 

2007 having acquired Sampo Bank (Danske Bank). Data on 

BIGBANK Latvia Branch for 2009. Latvian Post Bank started 

its activities in 2008, Allied Irish Banks Latvia Branch – in 

2008, Eesti Krediidipank Latvia Branch – in March of 2011, 

having taken over Latvian Business Bank. Data on Svenska 

Handelsbanken AB Latvia Branch for 2008, Rigensis Bank was 

founded in 2011. Asset values of Parex Bank have not been 

reflected, as the data are not available until restrictions imposed 

on the bank activities by the cabinet of Ministers and Financial 

and Capital Market Commission (FKTK) are called off. The 

data on Scania Finans Aktiebolag Latvia Branch are not 

available.     

On the basis of cluster components considered in the 

methodological part of the article, the authors classified the 

existing Latvian banks and branches of foreign banks according 

to 4 business models, as seen in Table 2. 

Table 2. Classification of Latvian banks according to business 

models  

Wholesale 

Banks

Invetsment 

Banks

Retail Banks Universal 

Banks

Mortgage 

and Land 

Bank  of 

Latvia 

Norvik Bank Latvian 

Business 

Bank 

Swedbank 

ABLV 

Bank 

Baltikums 

Bank 

Nordea Bank 

Finland 

Latvia 

Branch 

SEB Bank 

UniCredit 

Bank

ABLV Bank PrivatBank DnB Bank 

Regional 

Investment 

Bank 

Rietumu 

Bank 

LTB Bank* Nordea 

Bank 

Finland 

Latvia 

Branch

 Trasta 

komercbanka 

Danske Bank 

Latvia 

Branch 

Citadele 

Bank 

  Baltic 

International 

Bank 

SMP Bank 

  GE Money 

Bank

  BIGBANK 

Latvia 

Branch 

  Latvian Post 

Bank 

Financial indicators of LTB Bank from 2006 till 2008 are 

available for 9 months of operation, starting with 2009 – for 12 

months of operation.  

Extracting the data the indicators of Latvian Savings Bank have 

not been taken into account, as the activities of the bank have 

been suspended. The data summarised in Table 2 demonstrate 

that the largest banks in Latvia are Universal Banks, but other 

three models do not display any marked features, rather some 

features of Wholesale, Investment, as well as Retail Banks.  

On the basis of the classification developed by the authors it is 

possible to obtain 4 different business models, as reflected in 

Fig. 2. 

Fig.2. Bank business models 

  

Upon development of the business models, descriptive statistics 

was calculated. The results are presented in Table 3.   
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Table 3 Descriptive statistics on bank business models 

 Capital 

and 

reserves 

Deposits  Loans Assets 

Model 1 - Wholesale Banks 

Mean 3.183.485 2.849.527

0 

15.495.01

9 

1.277.723 

Std. 

dev

1.153.522 11.803.79

9

5.620.413 581.324 

Min. 44.420 50.220 192.587 550.357

Max. 14.520.53

6

21.5504.3

03

83.836.24

4

412.6304 

Model 2 - Investment Banks 

Mean 61.944 52.340 314.773 1.117.547

Std. 

dev.

75.63 75.167 44.847 485.664 

Min. 74.50 37.904 16.863 60.142 

Max. 137.909 1.603.143 686.674 14.490.89

4 

Model 3 – Retail Banks

Mean 2.510.576 22.549.76

0

18.438.38

2

169.415 

Std. 

dev. 

695.217 6.379.053 4.987.872 17.735 

Min. 41.67 193 12 803.4 

Max. 21.317.12

9 

195.894.0

20 

17504536

9 

582000.7 

Model 4 - Universal Banks

Mean 1.269.253 12.157.61

8

17.787.11

0

2.457.509 

Std. 

dev. 

381.398 4.104.307 5.893.438 308.273 

Min. 81.248 317.336 625.773 235.704 

Max. 5.260.000 68.260.00

0 

99331000 5272900 

As demonstrated by descriptive statistics, the largest volume of 

capital and reserves is characteristic of Wholesale Banks, but 

the lowest – of Investment Banks, the same applies considering 

deposit volumes.  At the same time, Retail Banks and Universal 

Banks are characterised by large loan volumes.  

In order to assess every business model in the most effective 

way, the changes in ROA (Return on Assets) indices for each 

model were analysed separately. The obtained data are 

presented in Fig. 3. 

Fig. 3. Change in ROA (%) according to a business model  

Latvian banks 

As demonstrated by the data in Fig. 3, Investment Banks, which 

managed to maintain their ROA index positive in the period 

analysed, successfully performed their activities. In turn, with 

the onset of the financial crisis Retail Banks experienced the 

largest decrease. They still are unable to obtain positive results, 

this fact may attest that they need to develop a new business 

model. Wholesale and Universal Banks experienced the fall in 

ROA index in 2009 and 2010, however, in 2011 a positive 

tendency could already be observed. 

Also the authors were conducted the ROE data index in Latvian 

banks, how it is shown in Figure 4. 

Fig. 4. Change in ROE index (%) according to a business model 

Latvian banks 

  

The summary of ROE index has demonstrated that, similar to 

ROA indices, Investment Banks performed their activities most 

successfully, but Retail Banks again demonstrate the need for a 

new business model.   

4.2. Business model at the EU banks  

The assessment of 18 largest in terms assets EU banks and of 

the changes in their assets in the time period from 2006 till 2011 

was performed. The results are presented in Table 4. 

Table 4. Change in assets of the EU banks from 2006 till 2011 

Pos. in 

2011 

Name of the 

bank  

Country Assets 

(EUR 

trillion 

2011)

Change 

in assets 

(2006-

2011)

1. Deutsche Bank DE 2164103 23.10% 

2. HSBC Holding UK 2031685 35.36%

3. BNP Paribas  FR 1965283 34.54% 

4. Royal bank of 

Scotland 

UK 1765186 80.23% 

5. Barclays UK 1926265 70.58% 

6. Credit Agricole FR 1723608 33.78% 

7. ING Group NL 1279228 5.65%

8. Santander 

Group

ES 1251526

0

42.68% 

9. UBS CH 1419162 -41.95% 

10. Societe 

Generale 

FR 4482786

9257 

16.40% 

11. Lloyds Banking 

Group 

UK 1195713 156.24

% 

12. Groupe BPCE FR 1138395 37.10%

13. UniCredit 

Group

Italy 926769 15.05% 

14. Credit Suisse 

Group 

CH 872905 -15.97% 

15. Rabobank 

Group

NL 731665 28.60% 

16. Commerzbank DE 661763 14.86% 

17. Intesa Sanpaolo IT 639221 11.25% 

18. BBVA ES 597688 40.07%
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As demonstrated by the data summarised in Table 5, among 18 

EU banks the majority are Retail Banks, there are fewer 

Wholesale Banks. Classifying Latvian banks according to 

business models the picture was identical. However, in contrast 

to Latvian banks, the EU banks employ more clearly distinct 

business models. 

In order to assess all four business models, they have been 

grouped into clusters. Using descriptive statistics mean, 

maximal and minimal values for each models have been 

determined as well as standard deviation.  The obtained data in 

terms of descriptive statistics is presented in Table 6. 

Table 6 Descriptive statistics for EU bank business models 

 Capital and 

reserves 

Deposits  Loans Assets 

Model 1 - Wholesale Banks 

Mean 132.701 453.228 437.487 7.889.1

34 

Std. 

dev 

44.57 30.71 50.01 3.850.0

08 

Min. 17.01 100.00  72.54 1.028.8

02 

Max. 606.855 648.776 763.228 63.327.

573 

Model 2 - Investment Banks

Mean 55.59 442.456 458.338 1.848.9

86

Std. 

dev

4.23 25.60 37.33 82.045 

Min. 31.914 298.652 198.892 1.227.6

92

Max. 80.321 604.903 684.686 2.529.3

32

Model 3 – Retail Banks

Mean 53.47 486.378 535.954 1.108.7

06

Std. 

dev

5.72 44.90 32.27 88.200 

Min. 11.949 75.920 90.236 423.31

3

Max. 132.044 996.87 780.331 2.031.6

85

Model 4 – Universal Banks 

Mean 35.13 390.639 373.692 4.455.6

61 

Std. 

dev 

3.03 31.28 46.47 1.084.1

98 

Min. 12.289 238.529 17.162 858.14

7 

Max. 57.582 641.892 730.296 12.515.

260 

The data summarised in Table 6 demonstrate that the highest 

mean capital and reserves values are characteristic of Wholesale 

Banks, deposit values – of Retail Banks, loan values – of 

Investment Banks, asset values – of Wholesale Banks. 

ROA (Return on Assets) index was evaluated for each EU bank 

business model for the period analysed. The results are 

presented in Fig. 5. 

The data in Fig. 5 demonstrate that in 2011 the highest ROA 

index was characteristic of Universal Banks, despite the fact 

that in 2008 they experienced the most significant fall. That 

may attest to the fact that Universal Banks managed to refocus 

their business model for a new model in relatively short time. In 

turn, Retail Banks had the highest ROA indices in 2006 and 

2007, which in comparison with other models has decreased 

most significantly. Considering ROA indices it may be seen that 

Wholesale and Retail Banks will experience the need in a new 

business model. 

Fig. 5. Change in ROA (%) according to a business model at 

EU banks 

  

Another essential bank performance index is ROE (Return on 

Equity). Changes in ROE index at EU banks are presented in 

Fig.6.  

Fig.6. Change in ROE (%) according to a business model at EU 

banks  

ROE index data also demonstrate that Universal Banks have 

changed their business strategy, but Wholesale and Retail Banks 

will have to review their existing business model in future. 

CONCLUSIONS 

Having conducted the research the authors have come to the 

conclusion that Retail Banks both in Latvian and the EU may 

face the need for a new business model in future. Meanwhile, 

Investment Banking is the most efficient existing bank business 

model in Latvia, and Universal Banking is most efficient in the 

EU.   

The authors have concluded that one of the main factors that the 

banks may use to ensure their sustainable development is to 

develop a unique entrepreneurial strategy based on business 

objectives, which would include development tendencies of 

sustainable factors both in the sector and in the market, in which 

a bank operates.  In this respect, financial institutions should 

continuously improve working processes, as well as integrate 

the best standards, and that will provide financial value in the 

long term not only to the bank, but also to its clients and the 

society on the whole. The banks, which will use such strategy as 

the basis for their activities, will not only obtain a competitive 
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advantage, but also will reinforce their position in the sector, 

promoting macroeconomic development in the country as well 

as integration at the international level and good sustainable 

model practices.  

In order to be able to objectively assess advantages and 

disadvantages of each business model, the authors see it 

necessary to conduct assessment of bank business models in 

future considering not only on financial, but also sociological 

and environmental aspects. 

The research conducted by the authors may be of practical 

significance for the banks analysed in the article while they 

review their future aims and plan their future business strategy.
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ABSTRACT 

The authors of the article analyze the concept “electronic 
environment”. Having studied a range of academic 
literature sources and other sources, the authors of the 
article have drawn a conclusion that the academic 
writings do not provide a definition of “electronic 
environment”. Furthermore, the various opinions among 
specialists regarding this concept often differ. 
Meanwhile, there are several explanations of the term 
“cyberspace” overlapping the concept of “electronic 
environment”, and these terms are often believed to be 
synonyms. To understand what the term “electronic 
environment” means and to properly and correctly 
employ this concept in entrepreneurship, the authors have 
performed a lexicographic analysis of this concept by 
comparing reciprocal concepts. As a result of the 
research, the authors propose their view on what, in their 
opinion, “electronic environment” is and what its 
connection to the concept “cyberspace” is. The topicality 
of the article lies in the fact that often entrepreneurs and 
specialists of public and other institutions, when using 
these terms, imply completely different concepts. It can 
lead to misunderstanding and misinterpreting the 
information, as well as to encumbering the understanding 
of tasks, problems, etc. 

Keywords: electronic environment, cyberspace, analyze, 
entrepreneurship. 

1. INTRODUCTION 

The aim of the article is to analyze and evaluate the 
concept “electronic environment”. On a daily basis, this 
concept is used by entrepreneurs, public and European 
institutions, consumers, and other market participants. 
Electronic environment is closely linked to the electronic 
market activities, as well as to e-marketing and e-
business. All of these elements are an intrinsic part of the 
modern-day business, fostering sustainable 
entrepreneurship development. The electronic market at 

this time is the biggest of the existing markets; moreover, 
its development is progressing quickly.  

In the article, the authors employed various research 
methods – both qualitative and quantitative: bibliography 
sources, a lexicographic analysis, the focus group 
method, etc. The theoretical and practical foundation of 
the article is based on materials and publications in mass 
media, including internet resources. 

2. ELECTRONIC MARKET AND BUSINESS  

Small and medium enterprises (SMEs) in domestic 
regional markets hold a considerable potential for 
creating new jobs [1].  

SMEs proportion in the overall number of EU companies 
amounts to 99.8 % [2]. The Europe 2020 strategy has 
designated an important role to SMEs in creating a 
healthy European economy. They are at the center of 
strategic attention [3]. 

Meanwhile, the EU economic development is closely 
linked to the e-market development, which is proven by 
the recent press release of the European Commission 
“Stimulating growth and employment: an action plan for 
doubling the volume of e-commerce in Europe by 2015”. 

The press release states that “The Internet economy 
creates 2.6 jobs for every “off-line” job lost, and offers a 
better choice to consumers, including those in rural and 
isolated areas. The gains brought by lower online prices 
and a wider choice of available products and services are 
estimated at EUR 11.7 billion, equivalent to 0.12 % of 
European GDP. If 15 % of retail sales were e-commerce 
and the obstacles to the internal market were removed, 
the gains for consumers might be as much as EUR 204 
billion, or 1.7 % of European GDP. The European 
Commission finds, however, that there are many 
obstacles preventing consumers and businesses from 
investing fully in online services: ignorance or 
uncertainty about the applicable rules, offers that lack 
transparency and are hard to compare, and payments and 
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modes of delivery that are often expensive and 
unsuitable. 

That is why, as part of the “Digital Agenda” and the 
“Single Market Act” and in response to the request from 
the European Council to submit a roadmap for the 
completion of the Digital Single Market by 2012, the 
Commission has today adopted a Communication 
presenting 16 targeted initiatives aimed at doubling the 
share of e-commerce in retail sales (currently 3.4 %) and 
that of the Internet sector in European GDP (currently 
less than 3 %) by 2015. By that year online trade and 
services could account for more than 20 % of growth and 
net job creation in some Member States (such as France, 
Germany, the United Kingdom and Sweden). 

Michel Barnier, Commissioner for the Internal Market, 
Neelie Kroes, Commission Vice-President responsible for 
the Digital Agenda, and John Dalli, Commissioner for 
Consumer Policy, expressed their ambitious objective in 
these terms: “In the difficult circumstances facing Europe 
we must seize every source of activity and new jobs as a 
matter of urgency. The action plan we are presenting 
today will create new opportunities for citizens and 
businesses and will bring Europe much-needed growth 
and employment. It aims to remove the obstacles which 
until now have frustrated the development of Europe's 
Internet economy.” [4].  

All of the aforementioned points to the great importance 
of the electronic environment in business development 
within the European Union, including Latvia.  

3. ELECTRONIC ENVIRONMENT ANALYSIS  

To understand the concept “electronic environment” and 
to shape one’s opinion on its essence, the authors of the 
article have performed a lexicographic analysis of the 
concept, by studying the concept “electronic 
environment” as such, as well as mutually related 
concepts. 

Electronic environment 

The authors of the article have summarized statements, 
opinions, remarks etc. referring to the concept “electronic 
environment”.  

1. Some quotes from the EU regulatory enactments 

available on Eurolex database:  

“…posting on the Internet or installation in any other 
electronic medium...” “…data processing takes place in 
an electronic environment where internal borders 
between the member states have become less relevant…” 
“…must be included in a document or an electronic 
environment…” “…and they are prepared in advance as 
forms – either in paper format or in an electronic 
environment…” [5]. 

2. Phenomenon of electronic environment. 

“Electronic environment enters everything; without it, 
complex systems would not function. Electronic 
environment is not a substitute for life. It is a part of life, 
a satellite, a shadow that is difficult to get rid of.  
We can carry over any vice to the virtual world, we can 
turn it into an arena of wars and utopias, superstition and 
fantasy, you can even try to use the virtual environment 
as a real warfare tool, but the world of nature, people, and 
culture, though suffering from it, will not cease to exist in 
its crude reality, history, and evolution. However, its 
existence can no longer be imagined without the 
electronic environment.” [6].    

3. Segmentation of the e-environment market 

Division of goods and services, buyers and consumers of 
goods and services, or of companies operating in e-
environment into specific groups according to specific 
criteria, to which specific marketing methods can be 
applied [7]. 

4. Analogue and electronic environment 

Differences between the electronic environment and 
analogue environment are of qualitative nature, and the 
scope of these differences corresponds to the difference 
between analytical and imaginative (creative) thinking.    
The analogue environment of existence (being, 
subsistence) – a system of subjects (people), which 
interacts on the grounds of regulations of processing, 
storing, and transmitting socially defined informal 
(language, traditions, customs etc.) and formalized 
(regulatory – legislative basis) information (represented 
in a figural form). 

Electronic existence (being, subsistence) environment – a 
system of objects (computing technologies, technical and 
programming means), which interact on the grounds of 
formal digital information processing, storage, and 
transmission rules (architecture, standards, machinery 
parameters, programming languages, etc.), based on 
objective logical rules. [8]. 

  
5. Electronic environment development (IT 

technologies).  

Electronic environment development is focused on an 
analysis of how the electronic environment (functional 
combination of hardware and integrated software in the 
real world, i.e. chains, prototypes, or product 
combinations) operate with regard to their components, 
subsystems, and software, and how these components can 
be selected. 

The subsystems are pieced together, hardware and 
software is tested, in order to ensure that the electronic 
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environment functions in accordance with harmonized 
specifications. [9].  

Authors of the article believe that the word for 
“environment” in Latvian (“vide”) etymologically derives 
from the word “vidus” (“the center”), but in essence it has 
an opposite meaning, i.e. everything that surrounds the 
center (that surrounds me). In this meaning 
“environment” is used within a context together with its 
descriptive adjective (what environment? – electronic 
environment, natural environment, etc.). 

Virtual reality [10] 

Virtual reality – is an artificially created, computer-
generated world replacing the surrounding reality. 

Exploratory virtual reality – choice and restricted content 
management is possible out of the proposed audiovisual 
scenarios and versions. 

Interactive virtual reality – virtual reality implemented to 
the full extent. The user is provided a full range of 
management opportunities, which he or she could and 
would want to use, if he or she would actually be present 
in the created artificial world. 

Cyberspace  

The term is used to denote the discrete world model 
(virtual reality) created in a computer network (including 
the internet). The word “cyberspace” (from cybernetics 
and space) was coined by the science fiction novelist and 
seminal cyberpunk author William Gibson in his 1982 
story “Burning Chrome” and popularized by his 1984 
novel “Neuromancer”. 

Interaction between people, commerce, and other realities 
in computer networks, namely, in a form of electronic 
messages and online commercial services, Cyberspace 
with its differing locations of interaction is to be 
considered omnipresent [12]. 

Cyberspace and virtual communities – cyberspace 
encourages creation of “virtual communities”, based on 
shared interests. The activities of these communities are 
not affected by national geographic boundaries and 
freedom of speech prevails there, which is not the case 
for many parts of the world. Online, every user is a 
potential publicist, free of control that monitors printed 
and broadcast media [13].  

According to Chip Morningstar and F. Randall Farmer, 
cyberspace is the computational medium in cyberspace is 
an augmentation of the communication channel between 
real people; the core characteristic of cyberspace is that it 

offers an environment that consists of many participants 
with the ability to affect and influence each other. They 
derive this concept from the observation that people seek 
richness, complexity, and depth within a virtual world 
[14].  

In current usage the term “cyberspace” stands for the 
global network of interdependent information technology 
infrastructures, telecommunications networks and 
computer processing systems. As a social experience, 
individuals can interact, exchange ideas, share 
information, provide social support, conduct business, 
direct actions, create artistic media, play games, engage 
in political discussion, and so on, using this global 
network. The term has become a conventional means to 
describe anything associated with the Internet and the 
diverse Internet culture. The United States government 
recognizes the interconnected information technology and 
the interdependent network of information technology 
infrastructures operating across this medium as part of the 
US National Critical Infrastructure [15].  

When analyzing various terms of the concept 
“environment” in various scientific fields, as well as 
concepts, which are most directly related to the concept 
“electronic environment”, the authors have come to the 
following conclusions: 

• Electronic environment – is created during the 
process of mutual interaction between various 
elements (computer networks, computers and 
other digital devices and parameters 
characterizing them, information technologies, 
internet, information, information carriers, users 
– natural and legal entities, legislation, etc.).  

• The existence of e-environment cannot be 
affected by (cannot depend on) separate 
elements (a person, a computer, and so on), it 
operates independently and on its own. 
  

• Various elements can join and leave the 
electronic environment at any time and any 
place. E-environment does not depend on time 
or geographic boundaries.  

• Electronic environment exists in both online and 
offline mode. After a user, a device, etc. 
disconnects from the electronic environment, it 
continues functioning (e.g., information 
exchange on the internet, information storage on 
carriers, among other).  
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• The society interacts with the e-environment 
similar to the way it interacts with the 
surroundings, geographic and other 
environment.  

• The e-environment is both tangible and 
intangible environment, because a part of 
elements belonging to it can be physically 
perceived (computers, devices, data carriers, 
etc.), while others are intangible (information, 
data, internet, etc.). 

• The quality of sovereignty and independence of 
information in the e-environment – once posted 
information remains in electronic environment 
practically forever. The electronic environment 
features high speed of information circulation. 

CYBERSPACE / ELECTRONIC ENVIRONMENT 

Description: Comprehensive 

A combination of various (by nature) elements 
(information, computers, e-mails, people, etc.) 

Space (beyond space) 

Communication referring to all types of information 
resources 

Interaction between people, commerce, and other realities, 
taking place on the same grounds 

Features and peculiarities 

Subjects: producers, suppliers, companies, consumers, 
institutions, etc. 

Relative anonymity, non-existent physical and international 
boundaries, shift in time importance 

Speed of information circulation 

A part of life of the modern society 

CYBERSPACE ���� ELECTRONIC ENVIRONMENT

Fig. 1. Lexicographic presentation of the concept e-
environment 

The authors of the article have particularly studied the 
meaning of the concept “cyberspace” within the context 

of electronic environment, and as a result have come up 
with a lexicographic presentation of the concept, 
schematically portrayed in Figure 1. 

In the analysis, as well as when analyzing the outcome of 
the research about the electronic environment, the authors 
of the article express an opinion that cyberspace and 
electronic space are synonymous concepts. 
    
The authors believe that the difference between the 
concepts lies in their use: the concept “electronic 
environment” is used in a broader society, however when 
speaking, in effect, about the electronic environment, the 
concept of “cyberspace” appears, used by a narrower 
circle of people. The authors propose to employ also the 
term “cyberenvironment”, which combines both 
concepts. 

Electronic environment, similar to cyberspace, consists of 
several elements, just like a set in math.  
A set in math is a combination of various different 
objects in one entirety. The concept of a set is one of the 
most fundamental concepts in math (also in set theory 
and logic), which was introduced at the end of the 19th

century.  

Georg Cantor defined “a set” as follows: we understand 
“a set” as unification of a range of well-distinguishable 
objects of our thoughts or vision m in one entirety M, and 
they will be referred to as “elements” of the M set” [16].  

Hence, as the authors of the article have concluded that 
the “electronic environment” concept is a synonym of the 
concept “cyberspace” instead of one being a part of the 
other or vice versa, then theoretically there are two sets, 
for instance, set A is the electronic environment, while set 
B is cyberspace. In that case, the relation between two 
sets A and B can be expressed with the help of an 
equation: 
  

� � � � ��	 � �		
	��	 � �	, (1) 

where: 

A – electronic environment 
B – cyberspace 

From the equation, it derives that A is equal to B provided 
that A and B are included in each other, which, in 
essence, is the relationship between the cyberspace and 
electronic environment.  
Up to now, there is no unequivocal formulation of what is 
the electronic environment and what is cyberspace, 
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hence, the authors of the article can express the 
relationship between both of these concepts also as 
follows: 

�� � �� �� � �		
	�� � �		
	�� � �	
	�� � �		
	�� �

�		
	��	 � �	, (2) 

where:  

A – electronic environment 
B – cyberspace 
a – element pertaining to set A  
b – element pertaining to set B  
c – element pertaining to set A and set B  

The authors of the article believe that the given equations 
characterize the concepts “electronic environment” and 
“cyberspace” from the point of view that they are a set of 
various elements comprising several elements. The 
equations also show the mutual link between the two 
concepts. 

To examine the statements regarding the electronic 
environment, the authors of the article organized a focus 
group. 

The focus group included 19 participants, foreign 
students studying at the Riga Technical University. The 
age of the focus group members of both genders ranged 
from 22 to 28. All focus group members are 
representatives of NET Generation [16]. This target 
audience was deliberately selected because 
representatives of NET Generation are those, who most 
actively use the electronic environment and who know it 
well.  

The focus group members were presented with 10 
discussion questions about the electronic environment 
and cyberspace. The discussion lasted for 2 hours. It was 
divided in two stages. During the first stage, the 
participants were divided into two groups and at the end 
of discussion, the group presented their opinion.  

The opinions of the two groups of participants about what 
is an electronic environment and what is cyberspace 
differed during the first stage. Two opinions formed as a 
result of the first discussion stage: “cyberspace is a part 
of e-environment” and “e-environment is a part of 
cyberspace”.  

During the second discussion stage, the participants were 
asked to determine e-environment elements for one group 
and cyberspace elements for the other group. Participants 

of two groups gave nearly the same content elements for 
both concepts and afterwards concluded that they have 
been talking about the same thing, only referring to it by 
using two different terms – cyberspace or electronic 
environment.  

As a result, all focus group members concluded that e-
environment is a synonymous concept to that of 
cyberspace. Thus, they confirmed the assumption of the 
report authors, namely, that the said concepts are 
synonyms and they differ only in their application.  

4. CONCLUSIONS 

To sum up, the authors of the article conclude that the 
concept “electronic environment” in its essence is a very 
close concept to that of “cyberspace”. The electronic 
environment and cyberspace consist of several 
constituent elements.  

Elements of e-environment are information, computers, 
internet, various devices and gadgets, software and 
hardware, as well as e-commerce, e-business, e-
marketing, etc. 

The difference between e-environment and cyberspace 
concerns only the fields of their use – the concept “e-
environment” is used by a larger part of the society, 
including entrepreneurs, institutions, and users. The 
concept of “cyberspace” is more used in practice by 
specialists of math, cybernetics, and other sciences. 

The research results help the entrepreneurs and the 
society in general to bring clarity to the essence of the “e-
environment” concept and its use in various contexts, 
which mention and use this concept.  

The authors of the article encourage scientists to research 
the concepts in more detail with an aim to specify the 
fields and opportunities of using these concepts. In line 
with the research outcome, the authors suggest to 
introduce the term “cyberspace” in practical use as an 
alternative concept.   
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ABSTRACT 

 
The aim of the proposed scientific research is to 

determine theoretical and practical application of 

management theories to small and micro enterprises 

in Latvia. Author analyzes and show importance of 

the management functions in business and on the 

basis of field research proposes possibility to over 

evaluate practical application of management 

functions in small companies. The author concludes 

that there is a potential to develop new – semi 

management approach and on the basis of it to build 

up Semi Management Theory.  

 
Keywords: management functions, small and micro 

enterprises, Semi Management Theory. 

1. INTRODUCTION 

 
By analysis of the statistical information one can 

conclude that dominating size of companies in 

Latvia lies to small and even to micro companies 

(see table No1). Micro, small and medium-sized 

enterprises (SMEs) are the engine of the European 

economy. They are an essential source of jobs, 

create entrepreneurial spirit and innovation in the 

EU and are thus crucial for fostering 

competitiveness and employment (Verheugen 

2011).[16] 

Table No 1 Number of enterprises according to 

their size (number of employed persons) (Source: 

Eurostat)[6] 

Number/Year 2008 2009 2010 2011

0-9 65847 57180 58082 61790

10-49 10024 8616 8353 8579

50-249 1846 1517 1473 1513

SMEs 77717 67313 67908 71882

250+ 243 199 194 203

Total 77960 67512 68102 72086

The author of the article by analyzing managerial 

functions putted forward hypothesis – set of 

managerial functions varies from the size of the 

company. In other words, managerial functions are 

not the same in large, medium, small and micro 

companies. If this hypothesis can be grounded, then 

the author would like to propose possibility to 

develop new direction in management theory – 

Semi Management Theory.  

Identification and application of correct 

management functions are essential for sustainable 

development of a company and it will provide 

business sophistication.   

Methodology: Based on the review of 

literature, the functions of management are 

discussed. Comparison of functions in small 

companies with given in theory is done through 

surveys and interviews with company managers. 

The results are approbated in Latvian companies, 

thus proving the initial hypothesis of the research. 

Reviewing the managerial functions 

described in the theory, the author concludes that 

they are generally applicable to middle or large 

companies and corporations which mainly operates 

in large markets.  The author decided to pursue a 

more pragmatic approach by exploring the actual 

functions of micro and small company in order to 

build a list of managerial functions needed in the 

business environment of Latvia.  

For analysis of the managerial functions in 

small and micro companies the survey was 

organized.  

From March till May 2012 author 

conducted a survey to ascertain the dominating 

managerial functions in small and micro-sized 

enterprises. 322 companies’ managers were 

questioned during this survey. Survey consisted of 

13 questions of a discrete type and 3 questions of a 

public type. 

 For validation of the research, the focus 

group method was applied to this research since 
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“focus groups concentrate clearly on a specific topic 

and involve interactive discussion among its 

participants” (Carson et.al., 2001).[3] The focus 

group was held May, 2012. The total number of 

respondents was 10, aged 24 to 63, both sexes the 

size of focus group was determined according to the 

methodology described by Griffin and Hauser 

(Griffin, Hauser, 1993).[9]  

2. MANAGEMENT THEORIES AND 

MANAGEMENT FUNCTIONS 

 
There are many possibilities to describe 

development of management theories. According to 

one of such approaches historical theories of 

management can be grouped following (Free 

management library) [8]: 

• Scientific Management Theory ((1890-

1940)) for large industries, describing 

ongoing tasks, mechanic and routinized 

activities. 

• Bureaucratic Management Theory ((1930-

1950)) focused on dividing organizations 

into hierarchies, establishing strong lines of 

authority and control. 

• Human Relations Movement (1930-today). 

More attention was given to individuals and 

their unique capabilities in the organization. 

Also there was mentioned Contemporary 

Theories of Management (Free management 

library) [8]: 

• Contingency Theory. Contingency theory 

asserts that when managers make a decision, 

they must take into account all aspects of 

the current situation and act on those aspects 

that are a key to the situation at hand. 

• Systems Theory recognizes the various parts 

of the organization, and, in particular, the 

interrelations of the parts, e.g., the 

coordination of central administration with 

its programs, engineering with 

manufacturing, supervisors with workers, 

etc.  

• Chaos Theory This trend continues until the 

system splits, combines with another 

complex system or falls apart entirely.  

Yasin Olum in his article identifies the 

Scientific Management School comprising the 

works of Frederick W. Taylor and Lillian Gilbreth’s 

motion  study, among others; the Classical 

Organizational Theory School comprising the works 

of Henri Fayol’s views on administration, and Max 

Weber’s idealized bureaucracy, among others; 

Behavioral School comprising the work  of Elton 

Mayo and his associates; the Management Science 

School which he discuss at the end of the paper; and 

Recent Developments in Management Theory  

comprising works such as Systems Approach, 

Situational or Contingency theory, Chaos theory, 

and Team Building approach. For lack of time and 

space, this discussion will provide a general 

description of some of the scholars in each of these 

management theories and the successes that they 

achieved. (Olum, 2004). [13] 

Many authors stress that management is science 

on the edge among philosophy, economics, history, 

etc. Olum in his article writes: “Management is the 

art, or science, of achieving goals through people. 

Since managers also supervise, management can be 

interpreted to mean literally “looking over” – i.e., 

making sure people do what they are supposed to 

do. Managers are, therefore, expected to ensure 

greater productivity or, using the current jargon, 

‘continuous improvement’” (Olum, 2004).[13] And 

logically there is a place for discussing functionality 

of management or management functions.  

At first, one views management functionally, 

such as measuring quantity, adjusting plans, 

meeting goals, and fore- sighting/forecasting. This 

applies even in situations when planning does not 

take place. From this perspective, Henri 

Fayol (1841–1925) considers management to 

consist of six functions: forecasting, planning, 

organizing, commanding, coordinating and 

controlling. He was one of the most influential 

contributors to modern concepts of management 

(Barrett, 2003).[2]   

Mišetić in his research has written: “During the 

development of management theory, the five 

management functions have changed over time. In 

order to show a comparison in the way management 

theory has developed, Buble compared H. Fayol's 

(planning, organizing, commanding, coordinating, 

and controlling) and P. Drucker's (setting goals, 

organizing, motivating and communicating, 

measuring and evaluating results, and human 

resources development) theories of management 

functions.” (Mišetić, 2001).[12]  

By analysis of different management functions 

described in the scientific articles, text books and 

internet resources by management professionals 

(Drucker, Cole, Hill, Praude, Abizāre, Forands etc.) 

[5, 4, 10, 15, 1, 7] the author concluded that there 

are main five management functions: 

1) Planning,  

2) Organizing,  

3) Staffing,  

4) Leading, 
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5) Controlling. 

According to the Strategic management 

theory proposed by Charles W.L. Hill and Gareth R. 

Jones [10] there are three main levels of strategic 

planning: corporate level, business level and 

functional level. Mentioned management functions 

can be applied mainly to corporate level, partly to 

business level, and minimally to functional level 

(see Fig. No.1.). 

Fig.1 Application of functions in different 

planning and execution levels in a company 

It is well known that marketing is one of 

core activities for development and delivering the 

product or service to the customers. According to 

Philip Kotler [11] there are four main functions in 

the marketing: analyzing, planning, implementing 

and controlling.  

By analysis of application of mentioned 

functions to business planning and execution levels 

the author of the article concluded that firstly – 

some of functions overlaps, secondly - functions has 

different intensity in different strategic planning 

levels.  

Table No 2 Functions in different planning 

hierarchy level of a company 

Function Level dominance of 

strategic planning and 

execution 

Planning Corporate and business level. 

In functional level just for 

short term perspective. 

Organizing Corporate level, business 

level. In functional level 

mostly oriented to self-

organization. 

Staffing Corporate level and business 

level. 

Leading Corporate level and partly to 

business level. 

Controlling All levels. There is a 

variation of methods and 

reports from level to level. 

Analyzing All levels. There is a 

variation of methods and 

analyzing horizon from level 

to level. 

Implementing Business level and 

domination in functional 

level.  

  

For approving the hypothesis – set of 

managerial functions varies from the size of a 

company it is important to analyze set of mentioned 

functions in small and micro companies.  

3. MANAGERIAL PROBLEMS OF SMALL 

COMANIES 

 
Mišetić in his research wrote:”With respect to 

Drucker’s theory it is clear that management is the 

application of certain functions within the business 

creating an infrastructure for the enterprise 

(regardless of what type of business is being 

formed). Therefore management in small enterprises 

has the task of launching and directing the enterprise 

by working toward accomplishing set goals. Small 

enterprise reality, which follows size and business, 

is that the owner/manager very often brings 

managing and operating decisions to start and direct 

total enterprise activities toward set goals. The 

enterprise operations are directed on two levels; the 

business decision-making authority of 

owner/manager and the business realization 

authority of engaged personal”. (Mišetić, 2001) [12] 

There are two fundamental characteristics of 

small businesses which separate them from large 

companies. One is their smallness, and the other is 

their rate of turnover and failure rate (Peacock, 

2000). [14] 

In his research Peackok has identified following 

problems of small business failure (Peacock, 2000) 

[14]: 

• The owner is the business, 

• Isolation, 

• Lack of information, 

• Lack of time, 

• Pressure, 

• Product dedication, 

• External changes are critical, 

• Small businesses are seldom in equilibrium 

or even near it, 

• High business risk. 
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In the same research Peackok have mentioned 

Dunand Bradstreet studies which have consistently 

found that causes due to poor management 

predominate in failures (Peacock, 2000) [14]: 

• US business failures, 92% due to 

management, 

• US 17,000 business failures, 94% due to 

management, and 

• Canada 2,598 business failures, 96% due to 

management. 

According to this research it is obvious that 

there are some misapply and misinterpretation of 

main management functions in small companies. 

And there are questions: Should these companies 

apply the same functions to the business 

development? Do the managers in small companies 

need the same competences and capabilities? 

4. RESERCH ON MANAGEMENT 

FUNCTIONS IN SMALL AND MICRO  

COMPANIES 

 
From March till May 2012 author conducted a 

survey to ascertain the dominating managerial 

functions in small and micro-sized enterprises. 322 

companies’ managers were questioned during this 

survey. Survey consisted of 13 questions of a 

discrete type and 3 questions of a public type. 

Survey results match with a data from 

public statistical sources concerning number of 

employees and legal form of the business. The main 

emphasis in the research was putted towards ranking 

managerial functions in small and micro companies, 

and besides questions about needs for training and 

advisory services was included in the research. Also 

there was a question about main personal 

characteristics of small company managers.  

In questioner every function of management 

was explained.  

According to the research results 

management functions were ranked and most 

important function was mentioned implementing 

(see Fig.2), but less important function – leading (or 

directing). 

All functions were mentioned as important, 

but managers of small companies some of functions 

implement in their everyday activities seldom. For 

example 21% of respondents mentioned that they 

are analyzing situation and company performance 

only if they have free time besides other duties. 

Some managers misinterpret function of leading 

(directing).  

Fig. 2 Ranking of management functions in 

small and micro companies  

76% of all respondents had university 

degree. For this group question about application of 

acquired knowledge in a study process to a company 

management was stated. More than 60% of 

respondents pointed out that acquired knowledge 

within university is partly applicable in real business 

environment (see Fig.3), 7% confirmed that it is 

applicable and 2% considering that not applicable 

and for others it was hard to evaluate linkage.  

Fig. 3 Evaluation of practical application of 

education for management of small and micro 

companies  

Many respondents of the survey mentioned 

that success of the business and performance in the 

market depends on personal characteristics of the 

person leading a small or micro business. Besides 

all characteristics (this was open or public type 

question) dominating were: obsession with the 

business idea, perseverance, responsibility, self-

organisation and self-development, intelligence and 

erudition etc.  

All survey results were tested in the focus 

group. During the focus group discussions about 

different management functions arise. Managers 

from small and micro companies agreed that small 

companies mostly work in functional level; 
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therefore the needed set of management functions is 

different from large company managers.  

During discussion about the linkage between theory 

and practice the following outcomes were reached: 

- The total set managerial functions for small 

and micro company is different from large 

company managers, CEO, Executives etc.; 

- Small and micro company owner often are 

in many positions at one time – owner of the 

company, director, sales manager, 

marketing manager etc. It leads to lack of 

time for planning, staffing, controlling and 

other functions; 

- Small and micro companies’ success 

depends on personal characteristics of a 

company owner (company manager). 

Between most important characteristics are 

self-organization and self-motivation (what 

sometimes can correlate with obsession or 

perseverance); 

- Set of knowledge and skills developed in 

the higher education institution should be 

reviewed and should be different for needs 

of large or small company managers. 

Results of the survey and the focus group 

discussion approved stated hypothesis - set of 

managerial functions do varies from the size of a 

company.  

Almost all respondents would like to 

receive advisory services and support from the state 

institutions.  

On the basis of research results the author 

suggests that there is a place for development of 

new management theories what would cover needs 

of small and micro companies. Development of new 

theoretical approach is very important for countries 

with small economies, like the Baltic States.  If the 

domination of companies creating national GDP 

belongs to category of small and micro companies, 

there should be support from academia and 

government. Overall support would stimulate 

growth of companies from small to large and would 

lead to business sophistication. The author proposes 

to develop Semi Management approach to 

management theory and develop new direction in 

management under possible title: Semi Management 

Theory which would explain how to act in a 

business towards business sophistication by 

accomplishing desired goals, getting people together 

and using available resources efficiently and 

effectively. This theory could be based on the same 

management functions like: planning, organizing, 

staffing, leading or directing, implementation and 

controlling and would employ all resources 

available in the market.  

5. CONCLUSIONS 

 
Summarizing results of the study author came to a 

conclusion that set of managerial functions do varies 

from the size of a company. 

Research results clearly show that 

information technology mainly affects company’s 

information flow. Considering that information 

resource has today become one of the prevail 

resources for sustainable development, it must be 

outlined that this resource economic evaluation 

becomes of the high importance. Small and micro 

companies’ success depends on personal 

characteristics of a company owner (company 

manager). Between most important characteristics 

are self-organization and self-motivation (what 

sometimes can correlate with obsession or 

perseverance). 

On the basis of research results the author 

suggests to continue research with and aim to 

develop Semi Management Theory what would 

cover needs of small and micro companies. 
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ABSTRACT 

 

The contribution is focused on the interrelationships between 

environmental, social and corporate governance (ESG) 

performance indicators. ESG-indicators are increasingly used 

by investors to understand the processes in society with 

focusing on the key factors. The aim of the contribution is the 

proposal of ESG-indicators for measuring the performance and 

determination of the qualitative relations between them, under 

influence of multiple factors that can be considered as a 

prerequisite for success not only in the decision-making process 

but also for the possibility to determine the Sustainable Value. 

Different statistical methods were applied in the process of the 

development of environmental, social and corporate governance 

indicators. On the basis of analysis of the ESG performance 

indicators of international organisations (GRI, UNCTAD, UN 

Global Compact, IFAC, OECD, IFRS, EFFAS-DVFA, CFA, 

WBCSD, Green Paper, etc.) was carried out an empirical 

analysis of environmental, social and corporate governance 

indicators for the companies in the manufacturing sector 

according to CZ-NACE. The expected result of the research is 

the proposal of ESG-performance which should help to the 

investors to decide on their investment activities and 

simultaneously to be part of the Sustainability Reporting. 

 

Keywords: key performance indicators, empirical research, T-

test, environmental performance, social performance, corporate 

governance, ESG performance. 

 

1. INTRODUCTION 

 

Many international institutions engaged in the development of 

ESG-indicators and in accordance with the financial institutions 

they are trying to find a common language for the definition of 

ESG-indicators, which affect their common objectives to 

achieve sustainable, long-term growth and prosperity.  

The project holder - Faculty of Business and 

Management, Brno University of Technology (FBM BUT) - 

deals in the framework of solution of the project No. 

P403/11/2085 „Construction of Methods for Complex 

Multifactor Assessment of Company Performance in Selected 

Sectors“ funded by the Grant Agency of the Czech Republic 

(GACR) with the ESG-indicators in the manufacturing sector in 

the Czech Republic. 

As it is clear from the analysis of international 

organizations (GRI, UNCTAD, IFAC, UN PRI, UNEP FI, 

OECD, IFRS, EFFAS-DVFA, CFA, etc.), which are dealing 

with the development of environmental, social and also 

corporate governance and economic indicators, there are 

coming to the front the ESG-performance indicators, which they 

recommend to the investors to incorporate these indicators into 

the investment analysis and decision-making processes [7], [8], 

[9]. The integration of ESG-indicators is probably the best way 

to increase the market share of responsible investments [3], [4], 

[5], [10], [13]. 

Even with the growth of socially responsible 

entrepreneurship SRI the ESG-indicators are incorporating in 

the assessment of investments. Eurosif has broadened the 

definition of SRI to a more generic term saying that SRI is any 

type of investment process that combines investors’ financial 

objectives with their concerns about ESG. A ’values-based’ 

investment strategy, such as norms–based exclusion, has 

limitations cannot contribute to making responsible investments 

mainstream [2]. 

 

2. PROPOSAL OF ENVIRONMENTAL, SOCIAL 

AND CORPORATE GOVERNANCE 

INDICATORS FOR PERFORMANCE BASED 

STATISTICAL ANALYSIS 

 

Within the framework of the research a series of successive 

steps was carried out to develop environmental, social and 

corporate governance (ESG) performance indicators. These 

relate to the objective and the subjective way of the selection of 

indicators/performance indicators and with the use of a 

combination of different statistical methods.   

The best way how to select the indicators are 

objective methods, for example on the basis of statistical 

analyses. Objective indicators are mostly aimed at acquiring a 

"hard type of data", i.e. they tend to use the observation and 
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examination of the documents and materials that contain 

descriptive data. Subjective indicators are based mainly on 

statements made by the respondents and their reflection of the 

investigated issue. They are therefore clearly subject to the 

person and investigated personality [15].  

The initial selection of indicators for measurement of 

the performance of companies can be considered as a 

combination of objective and subjective approaches. The initial 

draft of ESG performance indicators was based on the 

international sources, that means on the basis of the Global 

Reporting Initiative (G3.1, 2011), UN Global Compact, 

UNCTAD, CFA Institute, EFFAS-DVFA, IFAC, WBCSD, 

UNEP FI, ASSET4, CSR, ISO 14000, EMAS III,  ISO 26000, 

EEA, EUROSTAT, OECD-Principles of Corporate Governance 

2004, Green Paper 2011, etc. 

The questionnaire "PERFORMANCE OF THE 

COMPANY: ENVIRONMENTAL, SOCIAL, ECONOMIC 

AND GOVERNANCE" was designed based on processing of 

above mentioned informational resources.  

79 companies from the manufacturing sector with the 

number of employees over 250 according to the EU-criterion 

were selected from the entire database and personally visited. 

The distribution of these companies according to the legal form 

of business is the following: 42 corporations, 35 Ltd companies, 

1 cooperative and 1 state enterprise (see Table 1).  

 

Table1 Manufacturing companies according to Classification of 

Economic Activities (CZ-NACE) 

    
Classification of Economic 
Activities (CZ-NACE) 

Frequency Valid 
per cent 

Valid C *  10-11 Manufacture of food 8 10.3 % 

13-16 Manufacture of textile    

           and leather 

9 11.5 % 

20-23 Manufacture of  

          chemical 

8 10.3 % 

24-25 Foundry production 11 14.1 % 

26-33 Manufacture of  
electrical engineering,  

medical products 

30 38.5 % 

(D+
E)* 

35-38 Electricity, gas, water  
           and waste processing 

12 15.4 % 

  Total 78 100.0 % 

Missing   System 1  

Total 79  

*C  Manufacturing 
* D+E  Water supply, Waste management and Remediation Activities 

 
Manufacturing companies were selected deliberately, 

because this kind of companies operated in the fields which are 

related to social, economic and environmental dimensions of 

business activities.   

Method of selection of the investigated objects, i.e. 

companies, we can characterize as for a specific purpose and, 

moreover, based on a voluntary basis. But, as author Reichel 

states, this is not considered in the qualitative research for 

insufficient, because the ambition here „is not the 

representativeness, so ... the implementers consider such 

selection procedure reasonably as appropriate" [14].  

From the ownership perspective, there were in the 

exclusively domestic ownership 44 companies from the 

participating 79 companies (55.7 %), the rest of 35 companies 

(44.3 %) is divided into branches of multinational corporations 

and companies with foreign investor. 

From the voluntary management instruments in the 

companies of manufacturing industry is used the standard ISO 

9000 with 89.9 % of the companies, then is followed by the 

standard ISO 14 000 with 55.7 %, although from the total 

number of companies it was introduced only in half, the same 

also applies to the OHSAS 18 000 48.1 %  and  MRP 48.1 %. 

The companies consider the other voluntary instruments (LCA, 

EMA, Clear production, etc.) for management for less 

significant. 

 

3. METHODOLOGY AND EMPIRICAL RESEARCH OF 

THE ENVIRONMENTAL INDICATORS 

 

Indicator of the environmental performance of the company (an 

indicator of the impact of the company's activities on the 

environment) is understood as specific statement, which allows 

to measure the environmental performance of the company. 

Development of environmental indicators/indicators passed 

through a long evolution, which is described.  

In the Czech Republic, in ecologically oriented 

management system, it is based on CSN EN ISO 14 000, mainly 

represented by generic standard CSN EN ISO 14 001.  

The initial determination of the environmental 

indicators/indicators is based on the resources from the Global 

Reporting Initiative (GRI; G 3.1, 2011), EMAS III, the 

International Federation of Accountants (IFAC, 2012). 

Furthermore, the research dealt with environmental indicators 

which monitor published in the Statistical Environmental 

Yearbook of the Czech Republic [11], [12], [16]. 

The selection of environmental indicators and related 

analyses was preceded by calculation of descriptors for each 

input variable. To the question „Which environmental 

indicators are monitored?” the respondents stated indicators 

that the companies are using as environmental performance 

standards. 
The answers to this question confirmed the relevance 

of these indicators: 

- energy efficiency: energy consumption (primary 

sources), 93.7 %, 

- effectiveness of the material consumption: 

consumption of raw materials and consumables 91.1 

%, 

- waste management: total quantity of waste 82.1 %, 

hazardous waste 76.3 %, 

- water management: water (total water consumption) 

75.9 %, total quantity of discharged water 52.7 %. 

Other relevant indicators of the impact of the 

company's activities on the environment are the compliance 

with laws and regulations, the companies considered this as the 

most important indicator in 93.7 %, fines and penalties 78.2 % 

and traffic 68.8 %. 

The empirical research further tested the statistical 

significance (T-test) of the legal forms of enterprise or sector in 

relation to the environmental aspects of the performance, but 

this didn't bring any statistically significant results, in fact there 

is no real relationship between these factors [2], [15].  Whether 

is the owner of company a foreign or domestic body, also 

doesn't show any influence on the relationship of the companies 

to the environment.  

Testing the significance of the relationship between 

the owner of the company and position to the environment 

showed that it is transmitted indirectly through voluntary 

management tools. Enterprises with foreign owners have more 

often established standard ISO 14 000 than companies with 

domestic owners. Still more often, companies with foreign 

owners have introduced a management system for production 

planning and inventory. In other management instruments there 

are no differences between enterprises with domestic and 

foreign owners.  

The perception of the significance of the 

environmental aspects (reduction of environmental impact, the 
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sum of the environmental indicators) in reference to the 

performance of the company, is not affected by whether the 

company has or has not introduced ISO 14 000. 

Application of ISO 14000, however, has for 

consequence a particular conduct in the company concerning 

the relation to the environment, i.e. that the company with 

ISO14 000 (compared with company without this standard) is 

trying more hard to reduce the impact of the company on the 

environment and consequently also monitor more indicators 

relating to environmental performance. Using regression 

analysis, we are interested in how many more indicators the 

company will track if it has ISO 14 000[13].   

The results of the regression analysis indicates that in 

the case of introduction of the standard ISO 14 000 the 

company will seek to reduce the impact on the environment in 

one additional area and will also monitor, moreover, about two 

environmental indicators has been published by authors  

Kocmanova, Karpisek, Hrebicek, 2012. 

 

 

4. METHODOLOGY AND EMPIRICAL RESEARCH OF 

THE SOCIAL INDICATORS 

 

The social performance of the enterprise is another important 

component of the performance of the company. The trend, 

which emphasises the social aspects, is the concept of corporate 

social responsibility (Corporate Social Responsibility-CSR). 

Companies are invited to adopt the corporate social 

responsibility as a new concept of the management of company 

processes. Really responsible companies do not only talk about 

the socially responsible activities, but they actually perform 

them systematically, monitor, measure and evaluate them. They 

create the so-called CSR-reports, i.e. messages focused on 

corporate social responsibility, which in addition to the basic 

information on the organisation and manager's attitude devote 

the major part to the performance and impact of the activities of 

the organization on the environment, social and economic area. 

Corporate social responsibility represents a systematic concept 

of management based on business strategy.  

A socially responsible organizations, therefore, adopt 

in the social field for its principles of management systems such 

as OHSAS 18001, SA 8000, or Secure undertaking, comply 

with the principles set out by international organisations OECD 

(Organisation for economic cooperation and development), UN 

(United Nations) and ILO (International Labour Organisation). 

As the most important and internationally recognized 

concept for the production of CSR-reports is considered to be 

the Standard Global Reporting Initiative (GRI). The Standard is 

already commonly used in the developed economies, in the 

Czech environment; however, for the time being is nearly 

unknown. Next term in connection with the CSR is the Ethic or 

Business Ethics (BE). 

Socially Responsible Investment (SRI).The term SRI 

is used for investment decisions, which combine financial 

performance with social, environmental and ethical factors. The 

criteria of social responsibility mean for investors a guarantee of 

safety and long-term sustainability. SRI is a broad approach to 

investing, it acknowledges that social responsibility and social 

concerns are important part of the investment decisions and 

encourage companies to improve their practices in the field of 

environmental protection, social and ethical issues.  

The measurement of social performance can be 

accessed in several ways. To this will serve significantly the 

CSR-reports, or reports on sustainable development, which may 

stand alone or as part of the annual reports. 

 

GRI’s Reporting Guidelines G3.1. and ISO 26000  

 

The mutual relationship of social responsibility (social 

responsibility (SR), standard ISO 26000), is given in connection 

with the Reporting Guidance provided by GRI. ISO 26 000 

stresses the importance of reporting on social responsibility 

performance for stakeholders (e.g. employees, local 

communities, investors and regulators) in accordance with the 

economic, environmental and social performance.  

Although ISO 26 000 does not offer guidance on SR1 

performance reporting, the ISO 26000 content does cover a very 

similar range of topics to that in the GRI Reporting Guidelines. 

The ISO guidance provides a structure for companies to 

organize their activities, which can then be measured and 

presented in the company’s report. 

GRI provides the most suitable Guidelines to support 

organizations interested in reporting on the topics covered by 

ISO 26 000 as part of its comprehensive Sustainability 

Reporting. Measurement of social performance is by using 

quantitative and qualitative indicators that require information 

linked with the corporate influence on the surrounding society 

and are divided into three categories: working conditions 

(diversity, health and safety at work), human rights (child and 

forced labour) and wider social issues affecting customers, 

community and other stakeholders (corruption, support of the 

community). In cases where social issues cannot be easily 

quantified, GRI uses indicators of quality.  

ISO 26 000 and GRI G3 and G 3.1 General principles 

have a similar range of topics in the social field. The 

preparation of the responsible report can be based on the GRI 

guidelines.  
The empirical research for determination of social 

indicators/indicators was based on the resources of the Global 

Reporting Initiative (GRI-G3, (2006), G 3.1, 2011), ISO 26 000, 

International Federation of Accountants (IFAC, 2012).  

To the question „Which social indicators are 

monitored?” the respondents stated indicators that the 

companies are using as social performance standards. 

Monitoring of social indicators on a scale from 

„Yes”(4) to „No”(1). The questionnaires showed that for the 

companies is monitoring in the „Labor Practices and Decent 

Work (LA)” important at: number of employees 96.2 %, the 

number of work accidents 96.2 %, the total number and rate of 

staff fluctuation 88.2 %, expenditure on education and training 

84.8 %, labour relations 81.2 %, occupational diseases, the 

number of deaths 78.2 %. 

Less significant for the company are the equivalent 

opportunities 56.0 %.  Most varies in response “Human Rights” 

human rights 53.4 % and discrimination 36.4 % and a freedom 

of association and collective bargaining 47.9 %. However, the 

companies monitor these social indicators. Less significant for 

the company are the equivalent opportunities 56.0 %, human 

rights 53.4 % and discrimination 36.4 %; however, the 

companies monitor these social indicators. Important social 

indicators in the „Product Responsibility(PR)”: safety and 

quality of products, 96.2 %, labelling products and services 

83.5%, marketing communication 76.6% and health and safety 

of customers 71.8%. From the other social indicators “Society" 

resulted that the companies give emphasis on compliance with 

laws and regulations with products 94.9%. Insignificant 

indicators are involved in public policy and child labor. 

Testing of the statistical significance (Levene's Test 

for Equality of Variances, T-test) of the property does not affect 

the relationship of the company to the CSR. The Levene's Test 

                                                           
1 ISO 26000: http://www.iso.org/iso/social_responsibility. 
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 Characteristics CSR  N Mean Std. Deviation Std. Error Mean 

Σ Social attitudes 

towards CSR 
  Is used 20 10.35 1.814 0.406 

Is not in use 59 7.93 2.525 0.329 

 Σ Monitoring of 

social indicators 
Is used 20 15.25 4.423 0.989 

Is not in use 59 14.36 2.935 0.382 

Variables 
Σ Social attitudes towards CSR Σ Monitoring of social indicators 

EQVA* EQVNA** EQVA* EQVNA** 

Levene's Test for 

Equality of Variances 

F 4.427  1.263  

P -value 0.039  0.265  

T-test for Equality of 

Means 

t 3.944 4.630 1.027 0.843 

df 77 45.681 77 24.911 

P-value. (2-tail.) 0.000 0.000 0.308 0.407 

Mean Difference 2.418 2.418 0.894 0.894 

Std. Error Difference 0.613 0.522 0.870 1.060 

95% Confidence 

Interval of the 

Difference 

Lower 1.197 1.367 -0.839 -1.290 

Upper 3.639 3.469 2.627 3.078 

* Equal variances assumed   ** Equal variances not assumed 
 (Source: own processing of empirical research) 

 

is defined as:  H0: σis used
2 = σis not used

2 

Ha: σis used
2 ≠ σis not used

2 

 

The perception of the significance according to the T-

test of the social aspects according to the CSR and of the social 

indicators relative to the performance of the company is 

affected by whether the company is adhering to CSR, then it 

states more areas to which it applies in the context of corporate 

social responsibility. Statistically significant difference can be 

described only in the case of social approaches to socially 

responsible behaviour. Classification of the averages of the 

social attitudes towards socially responsible behaviour and 

monitoring of social indicators depending whether the company 

adhere or not to the CSR, see Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. METHODOLOGY AND EMPIRICAL 

RESEARCH OF THE CORPORATE   

GOVERNANCE INDICATORS 

 

International standards Corporate Governance have been 

implemented at the national level in the framework of the Code 

of the administration and management of the companies.[1]In 

the Czech Republic the Code of corporate governance based on 

the principles of the OECD was issued for the first time in 2001 

and in 2004 then came out the amended version, created by the 

working group of the Commission for securities under the 

leadership of Ježek, T. This code presents a summary of rules 

for good practice in the management and administration of 

companies, some of which are already contained in the 

jurisdiction of the Czech Republic.  

Empirical surveys have shown a link between level of 

management and administration of the company and its success 

in meeting the set objectives, in particular the value growth for 

the shareholders. It was confirmed that the companies which 

joined one of the Codes of good practice and comply with the 

declared proceedings are more attractive for the shareholders. 

Shareholders are willing to pay for the shares of well-governed 

companies more than for the companies where they do not have 

this information.  

Qualitative approaches make use of evaluation and 

analysis comparing the extent to which are observed the above-

mentioned Codes of good practice. Companies are then assessed 

according to how consistently they keep the individual 

principles and recommendations from the codes. 

If the company is committed to CSR, then it states 

more areas to which it applies in the framework of corporate 

social responsibility (statistically significant, t (46) = 4.63, P < 

0.001, the strength of the effect is r = 0.57).  

However, this difference vanishes at non-significant 

level with ∑ Monitoring of social indicators. It is possible that 

the selected items in the sum of monitored social indicators 

show in an imperfect way elements of social responsibility; this 

can be detected by use of the factor analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Determining of the corporate governance indicators in the 

empirical research is based on the Code of the Administration 

and management of the company (OECD 2004, Czech Republic 

2004), the „Green Paper“ The EU corporate governance 

Framework (EU, 2011) and International Federation of 

Accountants (IFAC, 2012). From other sources, that have been 

analysed, there are CA, CFA Institute, ASSET4 ESG, FEE and 

EFFAS-DVFA. 

In empirical research were analysed principles and 

principles of functioning of the CG of the companies concerned, 

on the basis of the Code OECD, 2004. To identify the relevant 

indicators of CG, the selected sample of companies in the 

manufacturing sector was given questions concerning, firstly, 

the composition of the CG and of the top management, further 

questions were based on the Code with a focus on the rights of 

shareholders, fair treatment of shareholders, task of interested 

parties in the administration and management of the company, 

public disclosure and transparency, the relationship of CG to the 

responsibility.  Respondents could comment whether they track 

the given aspect on a scale from „Yes” to (4) up to „No” (1).  

The questionnaires analysis showed that 70.0 % 

members of the CG in the Czech Republic are members of the 

top management; in foreign companies this is not acceptable 

that the members of the CG would be members of the top 

management.  

On the question „Which indicators you consider 

important in connection with CG?” the respondents defined 

indicators, which are used by the company as a CG performance 

scale. Replies to this question have confirmed the relevance of 

these indicators: 

 
Table 2: Relationship between of CSR to the  social attitudes towards CSR and monitoring of social indicators  
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Characteristics N Mean Std. Deviation Std. 

Error 

Mean 

Σ Monitoring of social indicators  No 49 13.71 3.657 0.522 

Yes 30 16.00 2.228 0.407 

Σ Social attitudes towards socially 

responsible behaviour  
No 49 7.59 2.700 0.386 

Yes 30 10.10 1.348 0.246 

∑ Environmental aspects related to 

environmental protection 
No 49 3.6735 2.06547 0.2950 

Yes 30 5.0667 2.11617 0.3863 

∑ Environmental aspects associated with the 

use of natural resources 
No 49 3.4082 1.44220 0.2060 

Yes 30 3.6333 1.35146 0.2467 

Σ Reducing impact on the environment No 49 10.73 2.985 0.426 

Yes 30 12.73 2.477 0.452 

∑ Monitored environmental indicators No 49 6.76 2.213 0.316 

Yes 30 8.40 1.632 0.298 

Variables 

Levene's Test 

for Equality of 

Variances 

T-test for Equality of Means 

F 
P -

value 
t df 

P-

value. 

(2-tail.) 

Mean 

Differen- 

ce 

Std. Error 

Differen- 

ce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

∑ Monitoring of 

social indicators  
EQVA* 4.767 0.032 3.086 77 0.003 2.286 0.741 3.761 0.811 

EQVNA**     3.452 77 0.001 2.286 0.662 3.604 0.967 

∑ Social approaches 

to CSR  
EQVA* 18.38 0.000  4.732 77 0.000  2.508 0.53 3.564 1.453 

EQVNA**     5.482 74.5 0.000  2.508 0.458 3.42 1.597 

∑Environmental 

aspects related to 

environmental 

protection 

EQVA* 0.428 0.515 2.883 77 0.005 1.3932 0.4832 2.3555 -0.430 

EQVNA**     2.866 60.3 0.006 1.3932 0.4861 2.3655 -0.420 

∑ Environmental 

aspects associated 

with the use of 

natural resources 

EQVA* 0.353 0.554 0.69 77 0.493 0.2251 0.3265 0.8754 0.425 

EQVNA**     0.7 64.5 0.486 0.2251 0.3214 0.8672 0.416 

∑ Reducing impact 

on the environment 
EQVA* 2.76 0.101 3.075 77 0.003 1.999 0.65  3.293 0.704 

EQVNA**     3.216 70.0 0.002 1.999 0.621 3.238 0.759 

∑ Monitored 

environmental 

indicators 

EQVA* 5.719 0.019 
 

3.523 
77 0.001 -1.645 0.467 -2.574 -0.715 

EQVNA**     3.787 74.2 0.000  -1.645 0.434 -2.51 -0.779 

* Equal variances assumed   ** Equal variances not assumed 
      (Source: own processing of empirical research) 

- vision and strategy 84.2 %,  

- effectiveness of administration and control 71.1 %, 

- structure of the administration and control 63.5 %, 

- administration and management (CG) and the top 

management (representation) 52.1 %, 

- corruption, 46.6 %, 

- rights of the shareholders 39.1 %, 

- examining the conflict of interest 30.7 %. 

The indicator politics of remuneration of directors/top 

management 50.7 % is for the respondents less relevant. For the 

companies are uninteresting the indicators contributions to 

political parties 67.1 %, equal opportunities: ratio of men and 

women in the administration and management 30.1 % and the 

number of judicial decisions 28.4 %. 

Testing of statistical significance (Levene's Test for 

Equality of Variances, T-test) of the influence of CG on the 

behaviour of the company: 

 In the event that the undertaking has set up also 

informing CG on the results of the environment and the 

responsible behaviour by supplying regular analysis, then it is 

seen in the emphasis on social responsibility and environmental 

performance, see Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If the Levene's Test is significant (the value under "Sig" is less 

than 0.05), the two variances are significantly different. If it is 

not significant (Sig. is greater than 0.05), the two variances are 

not significantly different; that is, the two variances are 

approximately equal. Statistically significant results are 

recorded in the data in the following areas: 

- a higher number of major social sectors in the CR 

(statistically significant, t (75) = 5.49, P < 0.001 the 

strength of the effect r = 0.54), 

- perception of the environmental aspects related to 

environmental protection as important for the overall 

performance of the enterprise (statistically significant, t 

(77) = 2.89, P < 0.05 the strength of the effect r = 0.31), 

- reduction of impacts on living environment in more fields 

(statistically significant, t (75) = 3.79, P < 0.001 the 

strength of the effect r = 0.40), 

- monitoring of higher number of indicators of 

environmental performance (statistically significant, t 

(77)= 3.08, P < 0.001 the strength of the effect r = 0.33). 

Testing statistical significance (T-Test) if CG is 

receiving regular reports from the social and environmental 

field, didn't bring any statistically significant results, it is 

independent on whether the bodies of the CG are located in the 

country or abroad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3  Relationship between the corporate governance and  on the results of the environment and the social responsibility  
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 Environmental Social Corporate Governance (CG) 

Indicator KPI Indicator KPI Indicator KPI 

EN1-Energy          

 

Total annual energy 

consumption [MWh] or 

[GJ] (IN*: EN3) 

LA1-Labor 

Practices and 

Decent Work 

Number of employees 

(IN: LA1)  
G1- 

Composition 

CG   

The number of members in 

terms of professional 

competence [number] 

The total consumption of 

renewable energy [%] 

(IN: EN3) 

The number of accidents 

at work (IN: LA7)  
The number of members 

CG of international 

representation [number] 

EN2-

Materials 

The annual mass flow of 

materials (energy and 

water) [t](IN: EN1) 

Total number and the rate 

of staff turnover (IN: 

LA2) 

% representation of the 

members of women and 

men [%] 

The proportion of the 

recycled materials [% of 

the total materials] (IN: 

EN2) 

Expediture on education 

and training (IN: LA10-

LA12)  

Frequency of CG meetings  

[number of meetings]  

EN3-Waste The total annual 

production of waste [t] 

(IN: EN22) 

Working relations  

(IN: LA4, LA5)  

Model of the administrative 

authorities[number] 

Total annual production 

of hazardous waste [t or 

kg] 

Occupational illnesses, 

number of deaths (IN:  

LA7)  

G2- 

Concentration 

of ownership   

 

Protection of property rights   

EN4-Water The total annual 

consumption of water 

[m³/year](IN: EN8) 

Equivalent opportunities 

(IN: LA13,LA14) 

Control of the property 

rights  

 

EN5-Air 

emissions  

The total annual emission 

of greenhouse gases [t] 

(IN: EN16) 

PR2- Product 

Responsibility 

Safety and quality of 

products  (IN: PR1, PR2)  

Voting rights according to 

the model of the control [% 

to the models of the control] 

Total annual emissions 

into the atmosphere [kg or 

t] (IN: EN20) 

Labelling of products and 

services (IN: PR3-PR5) 

%  distribution of 

ownership according to the 

categories of investors[%] 

EN6-

Environment

al protection 

investment 

Total expenditure and 

investment in 

environmental protection 

[CZK] (IN: EN30) 

Safety and health 

protection of customers 

(IN: PR1, PR2) 

G3- 

Effectiveness of 

CG 

 

Monitoring of the 

performance of the 

company [CZK] 

Additional indicators Compliance with laws 

and regulations of the 

products (IN:PR9) 

The strategic management 

of the company 

EN6- Compliance 

with therules  

Environmental laws 

and regulations 

[number](IN EN28)  

SO3- Society Community  

(IN: SO1) 

% representation of all 

independent members to all 

members  [%] 

 Fines and penalties 

[CZK or number] 

(IN: EN28) 

Contributions to villages Independence of the 

composition of the 

members of the CG 

EN7- Significant 

environ. impacts 

Transport 

(IN- EN29) 
HR4- Human 

rights 

Forced and compulsory 

labour (IN: HR7) 

Remuneration CG.  

[rewards CZK] 

EN8- Biodiversity Land use [m²] of 

built-up surface (IN: 

EN11) 

Freedom of association 

and collective bargaining   

(IN: HR5) 

Risk management and 

implementation of policies 

[occurrence] 

  Discrimination(IN: HR4) Internal audit 

   Ethical codex 

G4-

Stakeholder 

engagement  

 

Frequency of stakeholder 

involvement  [forms and 

quantity of involvements] 

Existence of involvement 

mechanisms of the 

interested groups 

[occurrence] 

Ways of answers for the 

feedback from stakeholders 

[occurrence] 

G5-Monitoring 

a reporting 

Information openness and 

transparency [occurrence] 

*IN-indicator in GRI 

 

6. RESULTS AND DISCUSSION 

 

The ESG performance indicators provide quantitative and 

qualitative forms of a feedback which reflect the results in the 

framework of their corporate strategy, indicators the company 

develops, inform about them in internal or external reports, 

always depend on the strategic business priorities, which 

reflects the unique character of the company. The most 

important is to recognize what is measured, what is controlled, 

and it is important that the measures create value for the 

company and its stakeholders. The proposed key ESG indicators 

for performance measurement in companies manufacturing for 

CZ-NACE , see Table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key performance indicators can help companies to 

plan and manage their environmental priorities, in particular, 

when the indicators are focused on the core business strategy, 

by means of operational plans, which include performance 

targets. In the event that the company is of the opinion that 

some of the selected ESG indicators are not relevant for 

evaluation of the performance then it doesn't have to include 

this indicator in the overall evaluation of the performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4   Key performance ESG indicators for manufacturing for CZ-NACE 
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6. CONCLUSIONS 

 

Empirical research deals with the selection of ESG 

performance indicators for the CZ-NACE sector-manufacturing 

industry. Based on analysis of available documents of national 

and international organizations dealing with the determination 

of ESG indicators a questionnaire was formed. Based on these 

facts a modifications were made in the selection of ESG 

indicators. These modifications preceded the univariate analysis 

of all variables; two-dimensional analysis and the level of 

dependence for the two nominal variables and Levene's Test for 

Equality of Variances, T-test of dependence were further tested.  

Use of key performance indicators in a particular 

organizational context can be challenging. Before a company 

decides to establish scales of the key performance indicators, it 

is necessary to understand how they can best be used and 

integrated into internal management and how they can help and 

support Sustainable reporting. Managers must consider how to 

present the key performance indicators in their internal and 

external reporting. Identification and selection of key 

performance indicators depends on the context within the 

company and industry.   

It can be therefore concluded that the integration of 

ESG is currently becoming the investment strategy, whereby the 

ESG-indicators focus on the economic consequences of long-

term risks and opportunities, which are associated with 

strategies of companies in which investments are made. ESG-

performance indicators are becoming a tool of the future cash 

flows. Investors want above all to achieve excellent financial 

returns under the predetermined risk levels.  
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ABSTRACT 

 

Modern trading platforms with built-in programming 

languages and application of programming interfaces 

allow implementation of econometric methods in 

financial instruments trading. Offline testing of the 

developed strategies gives an opportunity to estimate the 

efficiency of investment management based on such 

trading technology.  

 

Autoregressive models ensure sufficient approximation of 

the financial time series. The main idea of the paper is to 

check the possibility of using two-period-ahead 

forecasting in trading on foreign exchange taking into 

account some limitations described in the paper. Using 

this feature of autoregressive models the efficiency of 

two-period-ahead forecasting is evaluated in this paper as 

a part of the simplest trading strategy on foreign 

exchange. The trading strategy is based on opening the 

position on daily average prices predicted by one-period-

ahead forecasting and closing the position on take profit 

level predicted by two-period-ahead forecasting.  

 

The advantages and disadvantages of two-period-ahead 

forecasting implementation in investment management 

are discovered when testing the trading strategy on 

foreign exchange. After estimation of the trading 

statistics some optimizations are made in the initial 

trading strategy.  

 

Keywords: two-period-ahead forecasting, investment 

management, foreign exchange 

 

 

1. INTRODUCTION 

 

The dynamics of the price movements of financial 

instruments on the financial markets creates the necessary 

prerequisites for speculative trading. High liquidity and 

volatility favors the development of trading strategies 

which can take into account the features of price 

fluctuations. The development of trading platforms and 

built-in programming languages allow any investor to 

implement any mathematical apparatus in an automated 

trading system. 

 

Nowadays there are lots of scientific researches and 

methods devoted to investment management on the 

financial markets of different types and development. 

One of the most popular directions of financial markets 

analysis is related to univariate and multivariate copulas 

which are based on the Sklar’s theorem ([2]) and 

described by different researchers ([9]). The theory of 

copula allows to study nonlinear dependences between 

selected assets and to build unified distribution function 

based on the distribution functions of each asset. In the 

theory of copula the set of financial instruments can be 

considered as one asset. The use of the theory of copula 

in investment management shows effective results in 

raising capital ([14], [6]) but its implementation is very 

labor-intensive un complicated. The second broad class is 

based on ARCH-like models introduced by introduced by 

Engle in 1982 ([10]) and generalized by Bollerslev in 

1986 ([12]). Developing ideas of ARCH-like models and 

the theory of copulas a new class of models has been 

created named copula-based ARCH-like models proposed 

by Patton in 2000 ([1]),  Jondeau and Rockinger in 2001 

(0) and extended to copula multivariate GARCH models 

by Lee and Long in 2005 ([13]). The third class of 

forecasting models in the field of financial markets is 

represented by artificial intelligence systems. The use of 

neural networks in predicting the dynamics of a financial 

instrument on a financial market is broadly introduced by 

many papers. For example, Piche used a trend 

visualization plot based on a moving average ([11]); 

Dempster, Payne, Romahi and Thompson considered 

some strategies which use a collection of popular 

technical indicators as input and seek a profitable trading 

rule defined in terms of them ([8]); Chan and Teong 

showed some improvements in trading based on technical 

analysis ([7]), and many other papers. 

 

In this paper the authors attempt to implement simple 

investment strategy on foreign exchange with two-period-

ahead forecasting based on simple autoregressive models. 

This strategy is very simple and implementable in used 

trading software without any complications. 

 

 

2. METODOLOGY 

 

In this research two-period-ahead forecasting is based on 

a number of key assumptions: 

 Daily average prices as initial data. Forecasting 

average daily prices in the future increases the 

possibility of capturing average prices in case of 

high volatility on the market. On the other hand, 
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average daily prices are very suitable for 

autoregressive models. 

 Simple autoregressive models as a base of two-

period-ahead forecasting. As mentioned before, 

the quality of average daily prices 

approximation by autoregressive models is quite 

high in case of financial time series. Also, 

autoregressive models are very simple to be 

programmed and implemented in automated 

investment management systems without any 

complications. 

 Liquid and volatile financial instruments. 

Liquidity and volatility of a financial instrument 

are very important in case of speculative short-

term trading. Liquidity minimizes risk of non-

execution of a pending order at the 

corresponding price. Volatility increases the 

possibility of reaching forecasted take-profit 

level because of wide range of price 

fluctuations. That is why foreign exchange is 

more preferable market because of its high 

volatility and high liquidity that exceeds 1 

trillion USD of daily turnover in the spot-market 

([3]). 

 

In this research the authors used a simple autoregressive 

model AR(p) without intercept for two-period-ahead 

forecasting. A simple AR(p) model can be presented as 

follows: 

 

 

   ∑      

 

   

    (1) 

 

where p – the order of autoregression; 

 ai – the autoregression coefficients; 

yt – the time series under investigation; 

    – the noise term. 

 

The main idea of this research is to test the efficiency of 

two-period-ahead forecasting by the simplest 

autoregressive models in automated trading in foreign 

exchange. If a simple autoregressive model can predict 

the average daily price of a currency pair quite well, an 

automated trading system can be built on this feature (see 

Figure 1). 

 
Figure 1 Two-period-ahead forecasting implementation in 

trading 

 

At the end of the trading day (1) the next average daily 

price is calculated by the autoregressive model estimated 

earlier. Pending orders are set at this forecasted average 

daily price towards the forecasted average daily price for 

“the day after tomorrow” (3). Thus, two-period-ahead 

forecasting can be expressed by the following simple 

formula 

 

 

     ∑        

 

   

      (2) 

 

Volatility is a very important factor in this particular case 

of two-period-ahead forecasting. Due to the wide range of 

price fluctuations, which means increased volatility, the 

probability of reaching take-profit level in “the day after 

tomorrow” (day 3 in the Figure 1) is increased as well.  

 

 

3. EMPIRICAL RESULTS 

 

The authors analyzed the most liquid currency pairs on 

the foreign exchange. According to the statistical 

information from the Bank for International Settlements, 

the most tradable currency pairs are EURUSD, USDJPY, 

GBPUSD, AUDUSD, USDCHF, USDCAD, EURJPY, 

EURGBP and EURCHF. The descriptive statistics of 

currency pairs indicates their sufficient volatility. The 

average daily prices were used for each currency pair 

from January 1, 2004 to May 1, 2012.  

 

3.1. Model estimation 

 

The autoregressive models were estimated based on the 

average daily prices of 2004. The orders of the estimated 

autoregressive models are shown in the Table 1.  

 

Table 1 The estimated AR(n) models on the average daily 

prices of 2004 

No 
Currency 

pair 
Model 

R-

squared 

DW 

stat 

Sample 

size 

1 EURUSD AR(3) 0.9854 1.9305 262 

2 USDJPY AR(4) 0.9764 1.9908 263 

3 GBPUSD AR(4) 0.9705 1.9722 263 

4 AUDUSD AR(4) 0.9850 1.9671 261 

5 USDCHF AR(3) 0.9835 1.9317 262 

6 USDCAD AR(4) 0.9940 1.9608 261 

7 EURJPY AR(3) 0.9615 1.9458 263 

8 EURGBP AR(4) 0.9841 2.0104 263 

9 EURCHF AR(3) 0.9859 1.9465 262 

 

Estimation of the parameters of the autoregressive models 

demonstrates that the R-squared statistic is very close to 

1.0, indicating that the fraction of the variance of the 

dependent variable is explained by the independent 

variables very well. In fact, high R-squared statistics is 

very typical in autoregressive models analyzing financial 

time series.  

 

The DW statistic in the output is around 2.0 indicating 

the potential absence of serial correlation in the residuals. 

The absence of serial correlation was confirmed by using 

critical values for the Durbin-Watson test at 5% 

significance level (see Table 2) (0).  
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Table 2 The critical values for the DW test at 5% 

significance level (no intercept) 

No 
Currency 

pair 
k 

For 

positive 

corr. 

For 

negative 

corr. 

Result 

1 EURUSD 3 1.634 1.728 
no serial 

corr. 

2 USDJPY 4 1.718 1.624 
no serial 

corr. 

3 GBPUSD 4 1.718 1.624 
no serial 

corr. 

4 AUDUSD 4 1.718 1.624 
no serial 

corr. 

5 USDCHF 3 1.634 1.728 
no serial 

corr. 

6 USDCAD 4 1.718 1.624 
no serial 

corr. 

7 EURJPY 3 1.634 1.728 
no serial 

corr. 

8 EURGBP 4 1.718 1.624 
no serial 

corr. 

9 EURCHF 3 1.634 1.728 
no serial 

corr. 

 

 

                                                           
1
 The value of one pip depends on used lot size and 

quantity of signs after the comma in price. For instance, 

in 4-digits trading systems 1 pip ≈ 10 USD for 1.0 lot, ≈1 

USD for 0.1 lot and ≈0.1 USD for 0.01 lot. One lot equals 

100 000 USD. 
2
 From January 1, 2012 to May 1, 2012 (including) 

 

Thus, statistically significant autoregressive models were 

estimated for each currency pair. For instance, the 

autoregressive model for the currency pair EURUSD can 

be written as 

 

 EURUSDt=1.4411*EURUSDt-1 + 

+(-0.7404*EURUSDt-2)+0.2995*EURUSDt-3 

(1) 

 

3.2. Investment management based on two-period-

ahead forecasting 

 

Using the estimated autoregressive models for each 

currency pair on the average daily data of 2004, the 

trading system was programmed and implemented in 

MetaQuotes trading platform. Setting pending orders at 

one-period-ahead forecasted average daily prices with 

take-profit levels based on two-period-ahead forecasted 

average daily prices, the efficiency of two-period-ahead 

forecasting was evaluated without re-estimating the 

autoregressions parameters. It means that trading was 

made on the basis of the autoregressive model built on 

average daily data of 2004. Some realized trading 

statistics is shown in the Table 3. 

 

 In the Table 3 the win rate values indicate that overall 

the two-period-ahead forecasting is effective from the 

predictability point of view. Take-profit levels predicted 

by the autoregressive models are successfully reached in 

more than 60% cases excluding several examples.  

 

The analysis of average profit/loss ratio in the Table 3 

shows that in most cases this ratio exceeds 1:2, i.e. at the 

Table 3 Trading results statistics 

No Currency pair 
Results, pips1 

2005 2006 2007 2008 2009 2010 2011 20122 Total 

1 EURUSD 232 306 249 -982 295 -605 400 -227 -332 

 Aver. profit/loss 45/98 40/71 42/67 44/155 45/142 47/131 44/170 39/103  

 Win rate 69.92% 66.10% 63.16% 74.45% 76.87% 70.97% 81.13% 72.73%  

2 USDJPY -200 -450 125 -349 397 -136 378 52 -183 

 Aver. profit/loss 47/56 35/55 41/96 35/152 40/75 53/61 54/55 57/34  

 Win rate 45.45% 39.13% 73.91% 72.73% 77.78% 47.62% 68.42% 44.44%  

3 GBPUSD 204 -844 -492 -297 1227 -134 608 937 1209 

 Aver. profit/loss 45/116 43/94 44/109 52/172 48/171 46/112 43/125 43/71  

 Win rate 72.92% 64.06% 68.70% 75.85% 82.44% 70.21% 77.04% 85.71%  

4 AUDUSD -223 726 -301 -715 1449 240 -283 484 1377 

 Aver. profit/loss 42/55 40/44 40/66 45/105 42/104 40/92 40/108 45/47  

 Win rate 54.47% 60.71% 60.00% 66.42% 78.63% 71.31% 70.59% 78.95%  

5 USDCHF -390 53 -1088 -357 -609 492 -2099 402 -3596 

 Aver. profit/loss 38/88 31/60 30/59 39/108 36/123 39/83 47/129 38/46  

 Win rate 67.69% 66.40% 55.83% 71.63% 74.82% 70.63% 62.83% 73.08%  

6 USDCAD -1618 -782 276 -1645 1521 -1885 -695 171 -4657 

 Aver. profit/loss 34/71 39/71 46/99 40/284 45/97 38/97 41/68 38/51  

 Win rate 56.43% 55.56% 70.89% 78.57% 79.79% 60.00% 56.00% 62.50%  

7 EURJPY -683 -187 112 -1247 372 -463 -1708 - -3804 

 Aver. profit/loss 54/186 49/133 59/180 64/273 75/182 48/118 51/232 -  

 Win rate 65.22% 69.23% 77.27% 67.86% 75.86% 55.56% 54.55% -  

8 EURGBP -598 10 -343 -2049 -3403 219 334 - -5830 

 Aver. profit/loss 45/49 35/38 37/44 62/125 58/140 62/98 61/88 -  

 Win rate 46.15% 52.08% 50.00% 57.63% 54.29% 62.39% 61.17% -  

9 EURCHF -229 -573 -900 380 1089 -415 -52 -132 -832 

 Aver. profit/loss 28/35 33/35 37/59 50/100 37/58 38/71 49/120 15/14  

 Win rate 50.75% 41.67% 51.58% 68.75% 71.68% 62.07% 70.79% 38.10%  

Total -16648 
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favorable win rate conditions profit growth generated by 

small take profits is neutralized by greater stop losses. As 

a result, an investor receives net losses. 

 

Analyzing the trading results, the authors make a 

conclusion that the autoregressive models can predict the 

right price movements in “the day after tomorrow” but 

because of small predicted profits this trading technique 

is not efficient. It is obvious that this technique has to be 

optimized taking into account strong feature of two-

period-ahead forecasting power. 

 

3.3. Optimized investment management based on two-

period-ahead forecasting 

 

Taking into account the profit/loss ratios and win rate 

values, trading strategy can be further optimized by using 

stop loss and take profit levels. Win rate can be decreased 

if the profit/loss ratio will be at least 1:1 or better, i.e. 

1.5:1 or 2:1.  

 

In the optimization process all possible combinations 

were evaluated: 

1. Take profit definition 

 by the autoregressive model 

 by fixed take profit level 

 without take profit level (closing opened 

trading positions at the end of a trading day). 

2. Stop loss definition 

 by fixed stop loss level 

 without stop loss level (closing opened 

trading positions at the end of a trading day).  

The authors proceeded with the optimization process by 

making an assumption that forecasted value by two-

ahead-forecasting is defined when buying or selling a 

currency pair. 

 

Optimization process was made on the period of 2004 to 

check how new investment management system based on 

the data of 2004 affects the results in next years. 

 

The results of trading system optimization are shown in 

the Table 4. 

 

Table 4 The results of optimization process 

No 
Currency 

pair 

Stop 

loss, pips 

Take 

profit, 

pips 

Model 

1 EURUSD 70 - No TP 

2 USDJPY 30 - No TP 

3 GBPUSD 80 - No TP 

4 AUDUSD 20 - No TP 

5 USDCHF 90 - No TP 

6 USDCAD 20 - No TP 

7 EURJPY 50 - No TP 

8 EURGBP 90 20 
Fixed 

TP 

9 EURCHF 70 20 
Fixed 

TP 

According to the optimized results, seven currency pairs 

should be traded without take-profit levels but with set 

stop-loss levels. Two currency pairs should be traded 

with take-profit and with stop-loss levels. 

 

Some statistics of the realized trading with optimized 

investment management is shown in the Table 5. 

Comparison of the total results before and after 

optimization clearly shows that the results after 

optimization are worse. Before optimization the total loss 

on 9 currency pairs was 16648 pips (see the Table 4) but 

after optimization – 20565 pips (see the Table 5).  

 

Comparison of the total trading results demonstrates that 

the optimization does not add value with the exception of 

the following currency pairs: USDJPY, USDCHF and 

EURJPY (see the Graph 1 and 2).  

 

 
Graph 1 Comparison of the results before and after 

optimization on EURUSD, USDJPY, GBPUSD and 

AUDUSD, pips 

 

 
Graph 2 Comparison of the results before and after 

optimization on USDCHF, USDCAD, EURJPY, 

EURGBP and EURCHF, pips 

 

When analyzing the dynamics of profits and losses 

between currency pairs it is seen that before optimization 

the profits and losses are less interrelated (see the Graph 

3) showing scarcely noticeable downtrend in the total 

portfolio profit or loss.  
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Graph 3 The dynamics of profits and losses on 9 currency 

pairs over investigated time period before optimizations, 

pips 

 

After optimization the dynamics of profits and losses 

between currency pairs is more correlated (see the Graph 

4) showing some convergence towards zero over the 

investigated time period. Total trading statistics after 

optimization is shown in the Table 5. The analysis of the 

results confirms the statement that historical results do 

not guarantee the same results in the future. In the Table 

5 it is shown that the profitable investment strategy in 

2004 is not so successful in the future time periods.  

 

 

 

                                                           
3
 From January 1, 2012 to May 1, 2012 (including) 

 
Graph 4 The dynamics of profits and losses on 9 currency 

pairs over investigated time period after optimizations, 

pips 

 

Despite the fact of increasing average profit/loss ratio and 

decreasing win rate basically for all currency pairs the 

total result on each financial instrument is negative with 

the exception of USDJPY and EURJPY which can be 

also ignored because of small and actually non-significant 

profit during seven and half years. 

 

 

 

 

4. CONCLUSIONS 

 

This paper provides the development and implementation 

of two-period-ahead forecasting based on the simple 

autoregressive models on the foreign exchange. When 

testing efficiency of two-period-ahead forecasting in 
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Table 5 Optimized trading results statistics 

No Currency pair 
Results, pips 

2005 2006 2007 2008 2009 2010 2011 20123 Total 

1 EURUSD -880 695 412 -1737 473 -459 1314 -152 -334 

 Aver. profit/loss 71/62 59/57 65/55 130/67 126/67 111/63 123/66 69/70  

 Win rate 41.03% 54.72% 49.06% 26.98% 36.50% 34.17% 40.15% 46.67%  

2 USDJPY -378 -223 112 -135 408 -84 412 76 188 

 Aver. profit/loss 73/27 53/26 65/26 104/29 87/32 138/36 91/35 194/39  

 Win rate 12.00% 20.83% 33.33% 17.39% 37.50% 18.18% 47.06% 25.00%  

3 GBPUSD -1961 -865 -1428 -1059 1005 -2472 -2663 869 -8574 

 Aver. profit/loss 106/74 91/73 92/68 180/78 197/78 100/76 84/72 152/55  

 Win rate 32.82% 40.17% 35.29% 27.07% 31.16% 32.84% 32.23% 50.00%  

4 AUDUSD -101 -277 731 -1156 544 -728 493 -230 -724 

 Aver. profit/loss 59/20 57/20 88/20 144/20 119/20 100/20 135/20 70/20  

 Win rate 24.52% 23.36% 23.34% 8.24% 16.88% 12.67% 15.89% 10.53%  

5 USDCHF 43 321 -627 -921 645 -102 867 -283 -57 

 Aver. profit/loss 72/58 60/55 44/53 104/70 87/71 65/68 116/82 75/74  

 Win rate 45.05% 50.47% 48.60% 35.65% 48.31% 50.43% 45.63% 41.67%  

6 USDCAD -684 -423 67 -286 -13 -1473 -1910 -464 -5186 

 Aver. profit/loss 104/16 83/18 102/18 259/19 168/18 64/19 59/20 52/19  

 Win rate 8.26% 13.64% 15.70% 5.88% 9.60% 13.22% 10.56% 15.38%  

7 EURJPY 922 656 -582 257 -934 0 -149 0 170 

 Aver. profit/loss 153/58 120/60 98/63 242/63 144/62 - 123/63 -  

 Win rate 45.83% 46.43% 22.73% 24% 14.29% - 30.77% -  

8 EURGBP -761 -446 -194 -1124 -1139 -774 -704 -80 -5222 

 Aver. profit/loss 28/67 23/41 27/44 26/105 29/118 28/105 27/103 20/52  

 Win rate 62.11% 57.63% 59.48% 74.32% 75.33% 74.64% 74.80% 69.05%  

9 EURCHF 174 -129 -543 147 835 -761 -686 137 -826 

 Aver. profit/loss 18/42 19/36 19/60 23/71 19/40 17/61 25/70 20/52  

 Win rate 72.22% 63.20% 71.01% 76.61% 78.08 71.11% 66.32% 85.71%  

Total -20565 
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automated trading as one of the artificial investment 

management method the authors make the following 

conclusions: 

1. In fact, the autoregressive models can predict 

average daily prices in “the day after tomorrow” 

and the win rate proves it. In most cases the win 

rate exceeds 60% of total trades. However, the 

ratio between small predicted profit and 

potential loss due to high volatility on the 

market neutralizes the positive effect of two-

period-ahead forecasting based on the 

autoregressive models. That is why the high 

volatility of currency pairs on one hand allows 

to reach the forecasted price. However, on the 

other hand it has negative influence on the total 

profit because of inability to cover large losses 

with small profits even if the win rate is at 

investor’s favor. 

2. Trading strategy optimization on historical data 

does not have any positive effect on the future 

result and potentially can worsen expected 

results. 

3. To improve trading results on average daily 

prices another trading methodology has to be 

developed. It should be based on other principles 

of forecasting the dynamics of market 

fluctuations. 
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ABSTRACT 

The objective of this article is to compare the theoretical 

approaches to decisions about IPO-oriented corporate financing 

with the results of the empirical research conducted in the 

Polish capital market, which can be described as the most 

developed in the Central and East European region. Achieving 

the research objective required, firstly, to collect and analyze 

secondary data represented by the results of theoretical and 

empirical research done to define the factors involved in the 

IPO-related managerial decisions. The second step involved a 

collection of primary data by a questionnaire-based survey in 

companies that have completed an IPO in the Polish capital 

market. The collected data was processed using statistical 

methods appropriate for its type and quantity. In the third step, 

the attitudes of the managers in the issuing companies were 

compared with the theoretical models described in literature. 

The empirical results suggest that the theoretical models of the 

IPO process are fully applicable in the conditions of the Polish 

capital market. However, the respondents’ viewpoints indicate 

that there is a need to articulate additional precepts that would 

complement and expand the existing theoretical models. The 

results of this comparison represent a valid contribution to the 

present knowledge of corporate financing strategies. 

Key Words: Corporate Finance, Going Public, Initial Public 

Offering, Decision Making, CEE Region, Polish Capital 

Market. 

1. INTRODUCTION 

In the theory of corporate financing, deciding on an “Initial 

Public Offering“ (IPO) is seen as one of the most important 

junctures in the life cycle of a company. A number of 

theoretical and practical studies examined the factors that 

influence the actions of managers in Initial Public Offerings. 

Some of these were authored by Helwege and Packer (2003), 

Brau, Francis, Kohers (2003), and Boehmer and Ljungqvist 

(2004). Their research was based on the data found in issuers’ 

prospectuses and annual reports, or obtained from publicly 

available data bases on the issuers. 

A secondary analysis of data published in Web of Science and 

SCOPUS citation data bases reveals a lack of questionnaire-

based research in those companies that have completed an IPO 

on the Polish capital market. This method of research allows 

comparing the attitudes of managers in the issuing organizations 

with the theoretical approaches described in literature. The 

Polish capital market is regarded as the most developed in the 

CEE region, which is evident from the number of IPOs it 

absorbed in recent years (330 IPOs in the years 2008, 2009 and 

2010). The Warsaw Stock Exchange now ranks among the 

European bourses which handle the largest volume of IPOs. In 

fact, Poland is the only capital market in the CEE region that is 

conducive to quantitative research. 

This article presents partial results of project GAČR No. 

402/09/P134 entitled "Decision-Making Model of Corporate 

Financing by Means of IPOs”. The intent of this article is to 

compare the theoretical models of corporate decisions about 

IPO-based financing with the results of an empirical research 

conducted in the Polish capital market. The results of such 

comparison will hopefully contribute to a better knowledge of 

strategies deployed in the quest for corporate financing. 

2. MATERIAL AND METHODOLOGY 

Achieving the survey objectives required the following steps: 

1. Collection of secondary data, i.e. the results of theoretical 

and empirical research into the factors underlying 

managerial decisions about IPOs. 

2. Collection of primary data in the companies that have 

completed an IPO in the Polish capital market. 

3. A comparison between the attitudes of managers in the 

issuing companies and the theoretical approaches described 

in literature. 

�
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In formulating the theoretical approaches to IPOs, the method 

employed was a secondary analysis of the relevant data. The 

source of the secondary data was primarily foreign professional 

literature, especially from the English language domain. The 

sources of information were mainly professional books 

(monographs), technical papers and articles appearing in 

scientific journals, or presented at international conferences and 

included in the proceedings. 

The empirical survey was quantitative in nature and was carried 

out in the form of a questionnaire-based inquiry in companies 

that have completed an initial public offering of shares in the 

Polish capital market. The sample covered the companies that 

had entered the Warsaw Stock Exchange general market through 

an IPO in the years 2007-2009. The rationale for the time 

limitation of the capital market entry through an IPO was to 

obtain meaningful information from the executives who have 

had a recent personal exposure to the IPO process. The list of 

respondents, compiled from the information available on the 

web pages of the Warsaw Stock Exchange (www.gpw.pl, Jan. 

2011) and from publications authored by Paleari et al. (2008; 

2009; 2010), comprised a total of 107 companies.  

The questionnaire in the Polish language consisted of five 

separate parts: 

• reasons to enter the capital market through an IPO,

• factors influencing IPO timing, 

• pricing the shares below their value (underpricing), 

• signaling the issuer’s quality, 

• IPO-related disadvantages. 

The data was collected in two stages. In the early 2010, a 

questionnaire accompanied by a cover letter was sent to all 

companies on the survey list. The individuals who participated 

in filling out the questionnaire held the position of Chairman of 

the Board or Chief Financial Officer. The respondents were 

asked to indicate, on a scale of 1 (unimportant) to 5 (very 

important) how important were the specified reasons for the 

company management/owner in making the decision to proceed 

with an IPO. A completed questionnaire was returned by 8 

companies. To improve the response rate, the questionnaire was 

given an electronic form and, in April 2010, sent by e-mail to the 

people who had not responded the first time around, with a 

request for completion. This approach yielded another 13 

completed questionnaires, so that the return rate from the 

selected group of respondents reached 19.6%. 

The data from the survey was analyzed by statistical methods 

appropriate for its type and quantity. The basic evaluation was 

done by statistical descriptive methods. Statistica.CZ Version 9 

program was used to perform the statistical processing. 

3. SURVEY FINDINGS 

3.1 Reasons for Conducting an IPO 

Ritter and Welch (2002), who studied the reasons to implement 

an IPO, concluded that there were three kinds of reasons to start 

trading shares publicly. First, companies seek external capital for 

their continued growth. This reason is supported by earlier 

papers as well, like those published by Modigliani and Miller 

(1963), Scott (1976), and Myers (1984), who do not concentrate 

solely on the IPOs. These authors argue that there is a certain 

optimal composition of capital, and that companies act to 

achieve it. Companies have a preference for the least expensive 

source of money and opt for more expensive financing only 

when the cheaper source has been exhausted. The companies 

following this model would presumably execute an IPO at a 

stage of their life cycle when additional external capital could 

help achieve such an optimal capital structure. 

The results of this empirical survey suggest an agreement 

between theory and practice in some respects while highlighting 

certain differences in others (table 1). The respondents in the 

issuing companies, in accordance with the theoretical precepts, 

identified the raising of external equity to finance developmental 

investments as the main reason for executing an IPO (average 

significance level for this reason: 4.86; relative frequency of 

respondents expressing agreement with the rating: 95.24%). The 

second most important reason for implementing an IPO is the 

availability of publicly traded shares for future mergers and 

acquisitions (3.81; 76.19%). This level of significance is 

surprising given the limited theoretical interest in that particular 

aspect. The newly issued shares thus allow the issuer to become 

either an acquirer or a target, especially in stock-financed 

transactions. Other important reasons for doing an IPO include 

publicity and corporate image enhancement (4.00; 66.67%), 

greater attractiveness of the company as an employer (3.71; 

61.91%), and an establishment of company market value (3.71; 

61.91%). The issuing companies typically do not see the IPO as 

a tool for direct reduction of the company debt (2.38; 61.90%), 

but as an instrument to strengthen the negotiating position in 

dealing with prospective providers of outside capital (3.71; 

66.67%). 

Table 1: Reasons for conducting an IPO - the theory and practice in the Polish capital market 

Level of significance from the empirical 
research perspective 

Reasons for conducting an IPO from a theoretical perspective 
Low Medium High  

Raising external capital for developmental investments (Ritter and 

Welch, 2002; Paleari et al., 2006)
  × 

Availability of publicly traded shares for future acquisitions and 

mergers (Brau, Francis, Kohers, 2003)
  × 

Good publicity, company image enhancement (Maksimovic and Pichler, 

2001; Ježek, 2004)  
  × 

Greater attractiveness of the company as an employer (Haubrok, 2006)   × 

Establishment of the company market value (Ellingsen and Rydqvist, 

1997)  
  × 

Stronger bargaining position toward providers of outside capital (Rajan, 

1992)
  × 
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Reducing the cost of capital (Rajan, 1992)  ×  × 

Reducing the company indebtedness (Paleari at al., 2006) ×   

Diversification of existing shareholders’ equity portfolio (Pagano, 

1993)  
×   

Exit of the venture capital from the company (Black and Gilson, 1998) ×   

Solving a problem of succession (Black and Gilson, 1998; Mello and 

Parsons, 1998)
×   

Source: own study 

3.2 Factors influencing IPO timing 

The work of Ibbotson and Jaffe (1975), as well as Ritter (1984), 

demonstrates that initial public offerings have a cyclic nature. 

There are three theoretical explanations for the phenomenon of 

IPO timing. The first postulates that companies enter the capital 

market under favorable economic conditions which support their 

continued growth and development (Loughran and Ritter, 1995; 

Ritter and Welch, 2002). The second theory asserts that 

companies initiate IPOs at a time when other businesses also 

enter the capital market (Choe, Masulis and Nanda, 1993). The 

last explanation for IPO timing is derived from the company life 

cycle theory. It is based on the idea that companies issue shares 

when they reach a certain point in their life cycle and need 

capital for further growth (Choe, Masulis and Nanda, 1993; 

Lowery, 2002). 

The empirical results show (table 2) that the most important 

factor in choosing the right moment for an IPO is the current 

need of capital for continued company growth (average 

significance level for this factor: 4.38; relative frequency of 

respondents expressing agreement with the rating: 90.48%). In 

timing a public offering, the companies also take into account 

the conditions in the issuer‘s business sector (4.10; 80.95%), the 

macro-economic growth (4.14; 76.19%), the rising stock 

markets due to investors‘ optimistic mood (4.10; 76.19%) and 

the investors‘ interest in this type of business (3.81; 71.43%). 

They attach less importance to the interest in IPOs by other 

companies in the same business sector (2.62; 52.38%). A 

surprising discovery was the respondents’ characterization of the 

interest in IPOs by companies in other business sectors as the 

least important factor in IPO timing selection (1.81; 80.96%). 

�

Table 2: Factors influencing IPO timing: The theory and practice in the Polish capital market 

Level of significance from the empirical 

research perspective 
Factors influencing IPO timing from a theoretical perspective 

Low Medium High  

Current need of capital to finance further company growth (Choe, 

Masulis and Nanda, 1993; Lowery, 2002)  
  × 

Conditions in the issuer’s business sector (Pagano et al., 1998)    × 

Macro-economic growth (Loughran and Ritter, 1995; Ritter and Welch, 

2002)  
  × 

Rise of stock markets due to investors’ optimistic mood (Ritter and 

Welch, 2002)
  × 

Investors’ interest in this type of business (Paleari at al., 2006)    × 

Interest in IPOs by other companies in the same business sector (Choe, 

Masulis and Nanda, 1993)  
 ×  

Interest in IPOs by companies in other business sectors (Choe, Masulis 

and Nanda, 1993)  
×   

Source: own study 

3.3 Underpricing 

Loughran, Ritter and Rydqvist (1994) and Paleari et al. (2006), 

mention that companies frequently sell the IPO-issued shares at 

a price lower than what they priced at when first traded on the 

secondary market. This phenomenon is known as underpricing, 

and it is one of the most debated issues surrounding initial public 

offerings. Theoretical explanations of this phenomenon are 

mostly based on the existence of information asymmetry 

between the parties participating in the offering, i.e. issuers, 

investors and underwriters. 

The survey results (table 3) document the respondents’ belief 

that underpricing basically rewards the investors for the risk they 

assume when they buy shares in an IPO (average significance 

rating for this factor: 4.10, relative frequency of respondents 

expressing agreement with the rating: 90.48%). A greater 

probability of the IPO success (3.86; 66.67%), and an assurance 

of sufficient demand for the offered shares by investors, 

especially the institutional ones (4.05; 66.67%), were identified 

as additional reasons for lower pricing of these shares. The 

theories claiming that discounted pricing of the IPO shares 

brings about a reduction in the marketing costs received minimal 

support (2.14; 76.19%). The issuers also take a negative view of 

the notion that underpricing is a protection against future 

investor-driven litigation in case of a large drop in the post-IPO 

share price (2.43; 57.14%).
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Table 3: Factors explaining the existence of underpricing - the theory and practice in the Polish capital market 

Level of significance from the empirical 
research perspective Factor explaining the existence of underpricing from a theoretical 

perspective Low Medium High  

Reward for risk assumed by the investors in an IPO (Rock, 1986)   × 

An instrument to increase the probability of IPO success (Oxera, 2006)   × 

Increased demand for shares from institutional investors (Rock, 1986)   × 

Increased demand for shares from retail investors (Rock, 1986)   × 

Attracting a large number of investors (Brennan and Franks, 1997)   × 

An instrument to stimulate interest in post-IPO trading (Boehmer and 

Fishe, 2001)
  × 

Convincing a few early investors that buying shares is advantageous to 

trigger a “snowball” effect (Welch, 1992)
 ×  

A tool to reduce IPO marketing costs (Habib and Ljungqvist, 2001) ×   

To reduce the risk of investor-driven litigation due to a large drop in 

post-IPO share price (Drake and Vetsuypens, 1993)
×   

To compensate investors for a correct disclosure of the fair share price 

they are willing to pay (Stoughton and Zechner, 1998)
×   

Source: own study 

3.4 Signaling the issuer’s quality 

The theory of signaling the issuer’s quality is likewise based on 

the existence of information asymmetry between the issuers and 

the investors. Leland and Pyle (1977) claim that the sale of 

employees’ shares and the sale of a large portion of the basic 

business capital via the IPO send a negative signal to potential 

investors. Other authors focus on the factors viewed as positive 

signals by the investors. In general, working with reputable 

underwriters (Booth and Smith, 1986; Carter and Manaster, 

1990; Carter, Dark and Singh, 1998), with reputable accounting 

and auditing firms (Titman and Trueman, 1986; Beatty, 1989; 

Michaela and Shaw, 1995), and utilizing a venture capital 

support (Megginson and Weiss, 1991; Barry et al., 1990) serve 

as strong signals or assurances that the entity poised to engage in 

public trading of shares is of high quality.  

The literature mentions three more examples of positive signals. 

First, Welch (1989), Allen and Faulhaber (1989), and 

Chemmanur (1993) argue that only “good” issuers can afford to 

send a signal to the investors, by means of sizeable underpricing, 

that it is precisely this company that can afford such a discount 

and allow the first investors to realize a capital gain by selling 

the shares after only a few days of trading on the secondary 

market. Second, Courteau (1995), and Brau, Lambson and 

McQueen (2005) believe that a commitment of the issuing 

company and its shareholders not to sell their shares for a 

sufficiently long period of time after the IPO signals a 

conviction about the quality of their own company, thereby 

increasing its credibility with the investors. Finally, Teoh, Welch 

and Wong (1998) claim that a history of high profits is a signal 

of a good performance in the future. 

The survey results show (table 4) that the respondents 

considered a presentation of very good economic results in the 

period preceding the IPO (average classification: 4.48, relative 

frequency of respondents expressing agreement with the rating: 

90.48%) and the management's commitment not to sell its stake 

in the company for a certain time after the IPO (4.33; 85.71%) to 

be the most important positive signals for the investors. In terms 

of working partners to implement an IPO, the selection of a 

reputable underwriter and an auditing firm (3.86, 3.71; 66.67%) 

gives the transaction the greatest credibility. Conversely, the sale 

of a large portion of the basic capital through an IPO has been 

marked as conveying a negative signal about the quality of the 

issue (1.95; 76.19%). 

Table 4: Activities signaling the issuer quality - the theory and practice in the Polish capital market 

Level of significance from the empirical 
research perspective 

Activity signaling issuer’s quality from a theoretical perspective 
Low Medium High  

Presentation of very good results of financial management in a period 

before the IPO (Teoh, Welch and Wong, 1998)  
  × 

Management’s commitment not to sell its stake in the company during a 

certain period after the IPO (Courteau, 1995; Brau, Lambson and 

McQueen, 2005)

  × 

Using the services of a reputable issue manager (Booth and Smith, 

1986; Carter and Manaster, 1990; Carter, Dark and Singh, 1998)  
  × 

Using the services of a reputable auditing firm (Titman and Trueman, 

1986; Beatty, 1989; Michaely and Shaw, 1995)
  × 

Sale of the company management shares (Leland and Pyle, 1977)  ×  

Using the services of a reputable legal counsel (Grinblatt and Hwang, 

1989)
 ×  
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IPO as a way for a venture capital investor to exit the company

(Megginson and Weiss, 1991; Barry et al., 1990)
 ×  

Setting the share issue price below the market price (Welch, 1989; Allen 

and Faulhaber, 1989; Chemmanur, 1993)  
 ×  

Sale of a large portion of the basic capital (Leland and Pyle, 1977) ×   

Source: own study 

3.5 IPO-related disadvantages 

This part of the survey sought to determine what importance the 

issuing companies attach to the individual aspects characterized 

in literature as IPO disadvantages. A desk research of relevant 

information sources reveals that the main disadvantages 

associated with IPOs are (Ježek, 2004; Paleari et al., 2006, 

Yosha, 1995): 

• Costs incurred in IPO preparation and execution, 

• Expansion of the company ownership structure with 

additional shareholders, 

• Loss of decision-making autonomy, 

• Risk of strategic information leakage, 

• Compliance with a periodic reporting duty. 

The survey showed (table 5) that in deciding to undertake an 

IPO, the respondents took into account particularly the time and 

expense involved in the entire process (average significance 

level for this aspect: 3.24 and 3.14; relative frequency of 

respondents expressing agreement with the rating: 52.38% and 

42.86% respectively). Among the aspects that had a lesser 

influence on the IPO decisions were compliance with the 

periodic reporting duty (3.29; 47.62%), ensuring transparency of 

the company (3.10; 42.86%) and fear of an IPO failure (3,00; 

38.10%). 

Another finding is that many of the aspects labeled as IPO 

disadvantages had little bearing on the decisions in the surveyed 

companies. There was no empirical support for the fear of 

limitation or loss of company control (2.62; 61.90%), the 

expansion of shareholder structure (2.33; 61.90%) or the fear of 

strategic information leakage and its misuse by competition 

(2.86;47.62%). 

Table 5: Influence of IPO disadvantages on the decision to implement it - the theory and practice in the Polish capital market 

Level of significance from the empirical 

research perspective 
IPO disadvantages 

Low Medium High  

IPO-related demand on time (Ježek, 2004; Paleari et al., 2006)   × 

IPO-related costs (Oxera, 2006; Paleari et al., 2006)   × 

Compliance with a periodic reporting duty (Oxera, 2006; Paleari et al., 

2006) 

 ×  

Ensuring corporate transparency (Oxera, 2006; Paleari et al., 2006)   ×  

Fear of IPO failure (Ježek, 2004; Paleari et al., 2006)  ×  

Fear of limitation or loss of company control (Maug, 1996) ×   

Expansion of shareholder structure (Ježek, 2004) ×   

Source: own study

4. DISCUSSION AND CONCLUSION 

The results of this empirical survey suggest that the theoretical 

approaches to the IPO process are fully applicable in the 

conditions of the Polish capital market. However, the 

respondents‘ inputs also indicate that there is a need for 

additional information to complement and broaden the existing 

theoretical models of IPOs. Based on the survey results, the 

following conclusions may be presented as new insights: 

• In addition to raising own capital for continued company 

growth, enhancing its image, and gaining advantages for 

the existing shareholders, the availability of publicly traded 

stock for potential mergers and acquisitions is another 

significant reason to initiate an IPO.

• Completion of an IPO tends to strengthen the company’s 

negotiating position towards the providers of external 

capital. This can be expected to lower the cost of debt 

financing.

• In choosing the suitable time for an IPO, the companies 

take into account the current need of capital for further 

growth and development, the present and projected state of 

national and global economy, conditions in the business 

sector in which they operate, and investors’ interest in their 

type of business. They attach less importance to the interest 

that other firms operating in the same type of business may 

have in IPOs. And, in most cases, the interest that firms 

from other business sectors may have in that subject does 

not have an appreciable effect on IPO timing.

• Underpricing is perceived by the respondents primarily as a 

reward to investors for the risk they assume in buying the 

IPO shares. Other important reasons for setting a lower 

share price in an IPO may be the desire to increase the 

probability of IPO success and ensure a sufficient demand 

for the shares by investors in general and institutional 

investors in particular. 

• The respondents indicated that the most important positive 

signals for investors is the evidence of very good earnings 

in the period preceding the IPO as well as the 
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management’s commitment not to sell its stake in the 

company during a certain period after the IPO. In terms of 

partners for an IPO, the selection of a reputable underwriter 

and a reputable audit firm definitely carries a positive 

signal to potential investors. A negative signal, from the 

investors’ viewpoint, is a situation involving the sale of a 

large portion of the company’s basic capital.  

• The deliberation to undertake an IPO is very sensitive to 

the question of time and expense involved. The fear of 

limitation or loss of company control, the shareholder 

structure expansion, and the concern about strategic 

information leakage being misused by competition are not 

perceived to be negative externalities of an IPO. 

• The survey results made it possible to formulate new 

insights as contributions to a better understanding of 

corporate financing strategies, particularly in the specific 

conditions of the CEE region.
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ABSTRACT 
 
The Interoperability Governance Model (IGM) is a 
practical focussed tool that defines the areas of 
activities and their relationships to establish 
interoperability within a Government. It has a set of 
references structure and guidelines aimed at ensuring 
mutual interactions at different levels of 
interoperability within a Government. The IGM is 
composed of three interlinked areas: strategy and 
management, relationships and Technical 
infrastructure. The strategy and management drives 
the creation of the desired state of interoperability. 
While the relationships focus on the forms and nature 
of Government collaboration required to meet the 
overall Government strategy. The technical 
infrastructure addresses the technical 
standard/architectural issues involved in exchanging 
data and sharing functionalities between computer 
systems. Furthermore, the IGM is extended to the 
Interoperability Governance Framework (IGF) which 
serves as a common governance and technical frame 
of reference to guide the process of establishing 
interoperability within a Government. The IGF 
consists of seven domains that are aligned with the 
IGM areas. The IGF domains map to the higher level 
IGM areas, which provide the overhead functional 
groupings. 
 
  
Keywords: Interoperability Governance Model, 
Interoperability Governance Framework, 
interoperability, e-Government, interlinked, strategy 
and management, relationships and technical 
infrastructure 

1.   INTRODUCTION 

This work introduces the Interoperability Governance 
Model (IGM), a tool which envisages the areas of 
activities and their relationships to establish 
interoperability within a Government. The IGM is a 
set of references structure and guidelines aimed at 
ensuring mutual interactions at different levels of 
interoperability (IOP) within a Government. It has 
three interlinked areas, the Strategy and Management, 
Relationships and Technical Infrastructure. The 
Strategy and Management area of the model deals 
with the political/legal, Government vision/mission as 
well as management aspects required to achieve the 
desired state of interoperability. The second aspect of 
the area of IGM, the Relationships focuses on the 
forms and nature of Government collaboration 
required to meet the overall Government strategy. The 
third component, Technical Infrastructure area of the 
model addresses the technical and 
standards/architectural issues involved in exchanging 
data and sharing functionalities between computer 
systems. 
 
The IGM has an extended Interoperability Governance 
Framework (IGF).  The IGF expands the IGM to a 
level of a reference framework. The IGF consists of 
seven interlinked domains which are aligned with the 
IGM areas. The IGF has outer layer domains that 
consist of Legal/policy, Planning and Organising and 
Monitoring and Evaluation of the IGF and these are 
mapped to the Strategy and Management area of the 
IGM shown in Figure 1. The inner domain of 
Collaboration is mapped to the IGM’s Relationships 
area, whereas the Data and Functionality, 
Standards/Architecture and Infrastructure of the IGF 
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are mapped to the Technical area of the IGM. 
Therefore, to achieve the desired level of IOP among 
Government Agencies using the IGF, issues should 
first be addressed in the outer layer of the IGF before 
moving towards the inner triangle of the IGF as 
demonstrated in Figure 2. 
 
To achieve the desired level of IOP among 
Government Agencies using the IGF, issues should 
first be addressed in the outer layer of the IGF moving 
towards the inner triangle of the IGF as shown in 
Figure 2. 
 
Statement of the Problem 

Some of Government, private and NGO’s systems are 
currently physically connected to one another though 
concentrated in urban areas, especially in the Sub-
Saharan region. The heterogeneous information 
installed in these systems is not designed to flow from 
one system to another. The data in these systems are 
not programmed to interoperate, making the exchange 
of information among departments, companies, 
NGO’s and Government impossible. It is in view of 
this none-interoperable heterogeneous information 
among the systems that necessitated the envisaging of 
the IGM model and it’s extended IGIF. The IGM and 
IGF provide a structured checkpoint based approach to 
achieve government interoperability in a managed 
manner.  
 
 

2.   RELATED WORK 

A considerable amount of work has been done on e-
Government involving the concept of interoperability 
(IOP) in trying to share and exchange valuable data by 
the relevant stakeholders. In this section, we look at 
literature from other authors organised as follows: first 
the general definition of interoperability (IOP), second 
is IOP maturity, third is IOP frameworks. 
 
Sharing and Exchanging Data 

[3] points out that Government(s) around the world are 
challenged in their efforts to effectively share 
authority, resources and information across 
organisational boundaries, i.e. to become 
interoperable. This is also supported in [4] where they 
described IOP as the ability of information and 
communication technology (ICT) systems and the 
business processes they support to exchange data and 
share information and knowledge. In-line with the 
previous, in [6] they defined the concept IOP as “...the 
ability to transfer and use information in a uniform 
and efficient manner across multiple organisations and 
information technology systems”. Further, in [9] they 
perceived the concept of IOP as the ability of 
government organisations to share and integrate 
information and business by using common standards. 
From these three descriptions, one main common 
thread is found among them all; that IOP was the 
ability to exchange data and information among 
multiple organisations. 
 
 

 Measuring Interoperability Maturity 

According to [2] maturity models describe the stages 
of progress or evolution through which systems, 
processes or organisations progress. In 1993 the 
Levels of Information Systems Interoperability (LISI) 
project was initiated by the C4ISR Integration Task 
Force which resulted in a LISI reference model and 
process for assessing Information Systems’ 
interoperability. The LISI Interoperability Maturity 
Model in [1] defines five stages of increasing levels of 
sophistication regarding system interaction and the 
ability of the system to exchange and share 
information and services. 
 
The Organisational Interoperability Maturity Model 
for C2 was proposed by [2] and serves to compliment 
the LISI reference model by extending it into the area 
of organisational IOP. The C2 model defines five 
levels of organisational maturity of which each level is 
defined by one or more primary enabling attributes. 
 
[8] proposed the Government Interoperability Model 
Matrix (GIMM) that can be used by organisations to 
assess their current e-Government IOP status in 
respect to IOP readiness and performance.  The 
GIMM defines five different sets of organisational 
IOP maturity levels similar to those of the C2 model, 
where each level corresponds to a different IOP level 
for a set of Interoperability Attributes (IA). 
 
The IOP maturity models reviewed defined very 
similar interoperability maturity levels with the main 
differences between the models being the manner in 
which they rate interoperability. 
 
 Interoperability Frameworks 

A number of e-Government IOP frameworks have 
been developed by first world countries such 
Australia, Malaysia, United Kingdom and Estonia. In 
[5] the Australia Government IOP framework 
addresses the information, business processes and 
technical dimensions of IOP, setting the principles, 
standards and methodologies that support the delivery 
of integrated and seamless services. The MyGIF in [7] 
of Malaysia spans the IOP areas of interconnection, 
data integration, information access, security and 
metadata with focus on adopting de facto ICT 
standards and technical specifications for all IOP 
areas. The United Kingdom (e-GIF) of [4] covers the 
government’s technical policies and specifications for 
achieving IOP and ICT systems coherence across the 
Public Sector, defining prerequisites for joined-up and 
web-enabled government. [5] describes the Estonia 
IOP framework that consists of a set standards and 
guidelines aimed at provisioning of services both at 
the national and European context. 
 
The IOP frameworks reviewed showed that these 
frameworks addressed the IOP needs and issues of the 
country concerned. The majority of IOP frameworks 
focussed on semantic, technical and organizational 
IOP. These frameworks mostly lacked proper 
coverage of administrative process standardizing. 
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Figure 1. Interoperability Governance Model (IGM) 
 
In view of the above, the literature review provided 
deeper insight into the different IOP maturity models 
and frameworks. It revealed that there are a number of 
different viewpoints and emphasis regarding IOP 
maturity and frameworks for Governments. 
 

3.   INTEROPERABILITY GOVERNANCE 

MODEL (IGM) 

The Interoperability Model (IGM) as depicted in 
Figure 1 is a practical focussed model that defines the 
areas of activities and their relationships to establish 
interoperability within a Government. The IGM is 
composed of three interlinked areas namely: Strategy 
and Management, Relationships and Technical 
infrastructure. By addressing the IGM focus areas and 
their inter-relationships a Government will move 
towards Government integration. 
 
The three areas of the IGM are summarized below: 
 
Strategy and Management  

The Strategy and Management area of the model 
refers to the political/legal, Government 
vision/mission as well as management aspects 
required to achieve the desired state of 
interoperability. To implement interoperability related 
policy and all of its objectives, Government should 
develop a governance regime. In this sense, 
interoperability planning and organising within the 
Government is essential to reach alignment with the 
strategies of Government. Strategies and plans 
developed within this area will impact interoperability 
both within and across Government Agencies. 
 
Relationships  

This area focuses on the forms and nature of 
Government collaboration required to meet the overall 
Government strategy. The implementation of a 
Government interoperability solution on top of the 
existing structures, processes and procedures is 
unlikely to add real value to Governments. Therefore, 
Government Agencies need to evaluate and re-align or 
redefine their internal processes, procedures and 
structures. 
 

 

 

Technical  

Technical area of the model entails addressing the 
technical and standards/architectural issues involved 
in exchanging data and sharing functionalities between 
computer systems. Key elements include standards on 
areas such as data semantics and syntactic as well as 
supporting technologies.  
 

4.   INTEROPERABILITY GOVERNANCE 
FRAMEWORK (IGF) 

 
The Interoperability Governance Framework (IGF) 
extends the IGM to a level of a reference framework. 
The objective of Interoperability Governance 
Framework (IGF) serves as a common frame of 
reference to guide the process of establishing IOP 
within a Government. The IGF in Figure 2 consists of 
seven interlinked domains which are aligned with the 
IGM areas as demonstrated in Figure 1. 
 
The IGF outer layer domains namely Legal/policy, 
Planning and Organising and Monitoring and 
Evaluation of the IGF map to the Strategy and 
Management area of the IGM as shown in Figure 1. 
The inner domain of Collaboration map to the IGM 
Relationships area whereas the IGF inner domains of 
Data and Functionality, Standards/Architecture and 
Infrastructure map to the Technical area of the IGM. 
 
To achieve the desired level of IOP among 
Government Agencies using the IGF, issues should 
first be addressed in the outer layer of the IGF 
demonstrated Figure 3 moving towards the inner 
triangle of the IGF. In a more formal manner, the IGF 
may be implemented through seven steps that directly 
relate to the seven domains of the IGF as depicted in 
Figure 3.  
 
The seven implementation steps of the IGF in Figure 3 
forms a process cycle that may be re-iterated as 
government interoperability matures over time. 
 

 

Figure 2. Interoperability Governance Framework 
(IGF) 
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Figure 3. IGF Process Cycle 

 
 
The seven domains of the IGF are described below 
and summarised in Table 1. 
 
Legal and Policy Domain  

The Legal and Policy domain refers to the regulatory 
and policy frameworks which define the 
interoperability scale, content, standards and 
performance references. The development and 
enactment of laws/policies that provide the basis for 
Government interoperability should be the first 
priority. 
 
Planning and Organising 

Once the legal/policy framework is enacted, plans 
need to be developed to implement the interoperability 
directives. Plans should focus on the methodologies 
and process of establishing interoperability 
standards/architectures, interoperability infrastructure, 
data and system functionalities. 
 
Monitoring and Evaluation  

The monitoring and evaluation of interoperability 
planned activities will play an important role in 
making certain that targets are met on time, within 
budget and that identified issues are addressed. To 
access and measure impact and performance on 
planned activities, key performance indicators (KPIs), 
monitoring and evaluation tools and mechanisms will 
need to be developed. 
 
Collaboration Domain 

This domain refers to both the nature and level of 
collaboration within and among Government Agencies 
in respect of data exchange and the sharing of 
functionalities. Attention should be given to 
identifying the different bilateral agreements and 
process domains involved, level of interoperability 
(e.g., manual, peer-to-peer, distributed, integrated, 
global) required, security considerations and 

compatibility requirements for exchanging data and 
sharing of functionalities among organisations. Once 
this done, attention should be given to forming the 
relationships, establishing trust and obtaining top 
management support for those organisations involved.  
To facilitate the synthesis of business processes across 
the Government focus will need to be given to issues 
concerning the coordination and alignment of business 
process and architectures of organisations within and 
outside of Government agency boundaries. 
 
Standards/Architecture Domain  

The technical aspects of interoperability may be 
guided by reference or compatibility standards or by 
conceptual architecture. In developing 
standards/architecture consideration should be given 
to standards concerning the syntactical and semantics 
of data to be exchanged and the provision of 
technology guidance. De facto standards (e.g., XML, 
Unicode, LDAP) should be adopted as far possible. 
 
Data and Functionality Domain 

Focus in this domain is in describing and developing 
the data structures (e.g., meta-data) to exchange and/or 
functionalities to be shared among computer systems. 
An important aspect relating to data that needs to be 
address is the manner in which data will be 
represented (e.g., documents, objects and graphics and 
formal messages) and accessed by 3rd parties. 

Infrastructure Domain 

This domain serves the purpose to establish the 
technical interoperability environment connecting both 
front and back office systems. Issues of technologies 
(e.g., hardware, software), communication and 
protocols, interfaces, computer system organisation 
(style and topology), system security and system 
services need to be addressed within this domain. The 
infrastructure will provide the platform and 
mechanism to exchange and or share system 
functionalities. 
 

5.   CONCLUSION 
 
Much of the infrastructure architecture and physical 
connectivity has been completed in an attempt to 
provide the communication foundation for e-
Government services. However such an adequate 
physical connection has not met the requirements of 
implementing the e-Governance services especially to 
the vulnerable communities because of the systems 
that are not interoperable in terms of information 
exchange. It is in view of this that the IGM model has 
been devised to specifically address the 
interoperability of data among the existing systems in 
a governed manner. The model envisages the areas of 
activities and their relationships to establish 
interoperability within the companies, NGO’s and 
Government. The IGM is a set of references structures 
and guidelines aimed at ensuring mutual interactions 
at different levels of interoperability (IOP) within a 
Government. The IGM has an extended 
Interoperability Governance Framework (IGF). The 
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IGF consists of seven interlinked domains which are 
aligned with the IGM areas. The inner and outer 
components of the IGF are interlinked to facilitate the 
efficient and effective establishing of interoperability 

among government organisations, NGO’s and its 
customers. 
 

 
 

Table 1. IGF Domains and Facets Summary 

 Domains 

F
a

ce
ts

 

Legal/Policy Planning & 
Execution 

Monitoring 
& 
Evaluation 

Collaboration Standards / 
Architecture 

Data & 
Functionalities 

Infrastructure 

Laws and 
Policies. 

Overarching 
Plans, Action 
Plans, 
Implementation 
Structures. 

Performance 
Measures, 
Tools.  

Relationships,  
Agreements, 
Trust & 
Confidence, 
Align of 
Processes. 

Principles, 
Standards 
and/or 
Conceptual 
Architecture(s). 

Data 
Structures, 
Data 
Representation, 
Data Access, 
System 
Functionality 
Forms. 

Technologies, 
Communication, 
Security, 
Services. 
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1 ABSTRACT  

Scholarship on the ex-ante evaluation of projects is prolific and 

offers a whole range of tools to assess projects on financial, 

technical, strategic and organizational levels. All these analyses 

start from the assumption that everyone knows and shares 

knowledge on what is to be assessed. Nevertheless, the system 

under evaluation is rarely just data, but rather a construction of a 

representation of a tangible physical reality which can appear 

under different forms, and the chosen representation may 

strongly influence the evaluation itself. On the contrary, in the 

field of automatic decision-making, i.e. Artificial Intelligence, 

the impact of the representation of issues and the structure of 

such representations in decision algorithms is widely discussed. 

Building on this structuring approach, we specifically focus on 

the initial construction stage of a representation and on its 

impact on evaluation. In order to grasp these representations, to 

compare one with another and to study this stage of the 

evaluation process, we propose a conceptual framework - the 

space of representations, structured by abstractions and scopes. 

We propose formal definitions of these concepts. To illustrate 

and also test our approach, we examine three empirical cases of 

investment projects related to RFID (Radio Frequency 

Identification) applications in hospitals. This field study shows 

that small changes in representation can impact strongly the 

evaluation results. It also shows how our framework helps us to 

structure our analysis of the potential representations. Lastly, we 

discuss how this tool opens several avenues for future research.  

Key words: ex-ante evaluation, project management, Artificial 

Intelligence, RFID, representation 

2 INTRODUCTION 

Scholarship on the evaluation of IS projects is plentiful and 

provides a wide range of tool to evaluate projects on financial, 

technical, strategic, or organizational levels [12]. All these 

analyses seem to assume that everyone knows and shares the 

same idea of what is to be evaluated. Yet the system under 

assessment is rarely just data: it is a construct, a representation 

of a tangible physical reality which can take many forms, and 

thus strongly influence the evaluation itself.  

No matter how sophisticated the evaluation tools are, the quality 

of the final result (also) depends on initial choices concerning 

the framing of the object and its representation. Yet these 

choices are rarely addressed in management scholarship, and 

neither is their impact on the rest of the evaluation process. 

In the field of automatic decision-making, however, within 

Artificial Intelligence, the impact of the representation of the 

problem to be solved and the structure of such representations in 

decision algorithms is widely discussed.  

Inspired by the structuring approach of artificial intelligence 

studies, we focus on the first step of the construction of a 

representation and on its impact on evaluation—but in the 

context of a human management process. What do we take into 

account? What do we discard? To best define our research 

subject, we distinguish between: 

� the object’s real and tangible physical components—which 

we consider to be unique; 

� the representations of this tangible reality; 

� the actors’ interpretations of each representation during the 

evaluation.  

Our medium-term objectives are threefold: 

1. to highlight the importance of the construction of 

representations and the significant risks of ending up with 

inadequate representations, 

2. to provide a structuring framework to become aware of the 

representation choices already made; 

3. to help structure the process of representation creation, in 

order to avoid its major obstacles.  

The remainder of this paper is organized into four sections. 

Firstly, we will present a literature review: we will synthesize 

studies relating to the ex-ante evaluation of an IS project, 

underscoring the lack of contributions relating to the tangible. 

Secondly, we will propose a formal framework that defines the 

space of representations of the tangible (and helps navigate that 

space). This framework rests on notions of scope and 

abstraction. It is inspired by works in formal decision which are 

also presented.  Thirdly, we will describe a case study we 

observed—a collaborative RFID application project in the 

hospital sector—and we will apply our formal framework to this 

empirical subject. Finally, we will discuss our propositions, both 

formally and empirically. 

3 LITERATURE REVIEW

Ex-ante evaluations of IS projects  
The evaluation of IS projects is the subject of much research, be 

it ex-ante or ex-post evaluation. The goal of ex-ante evaluation, 

which is our subject here, is to identify a relationship between 

the projected value of an investment and the analysis (often 

quantitative) of the benefits, costs, and risks associated to this 

investment [18].  

Criteria for an evaluation decision: what are we looking 

to evaluate? 
A vast majority of the studies debate the type of criteria to select 

when conducting an evaluation. Some defend an approach based 

on financial management tools, which they simply want to apply 

to an IS context. However, the most widely-distributed tools are 

also the simplest: most often, they include cost/benefit analysis, 
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a calculation of the recovery time, or an analysis of the return on 

investment (ROI), or to a lesser degree, an analysis of the Net 

Present Value (NPV) or of the Internal Rate of Return (IRR). 

While these tools are certainly useful [1] [7], they also have a 

number of limitations [2].  

Several authors think it is vital to use more complex approaches, 

derived mostly from market finance, which allow one to take 

into account learning and uncertainty phenomena [11] [13]. 

Other authors call for more balanced perspectives based on both 

financial and non-financial criteria [16] [17], ones that use more 

qualitative approaches in addition to purely quantitative 

variables [8], and ones that take into consideration not only the 

direct effects of an investment, but also its indirect effects [11]. 

Many methods use these composite approaches.  

There are three major evaluation types [15]. The first approach 

focuses on the effect of IS on the company’s processes and 

studies dimensions related to the control process in particular. 

The second is more focused on the individual’s and the 

organization’s reaction to the services offered by IS. Finally, the 

third approach, more traditional, measures the impact of IS on 

performance. 

This discussion about evaluation criteria, which highlights a 

great variety of perspectives, should not overshadow another, 

just as essential, debate about the evaluation process itself. 

Process for an evaluation decision: who conducts the 

evaluation?  How is it conducted?  
When talking about the evaluation process, it is important to ask 

ourselves who are the actors involved, what is their role, and 

what will be their interpretation of the evaluation’s results?  

Therefore, in order to conduct an evaluation, one must first 

identify the actors who will conduct it [3] [19] before discussing 

criteria and evaluation methods, even if both these aspects are 

related [24].  

The lingering problem: evaluating the object to evaluate 

In the majority of studies presented, the object to evaluate is not 

seen as problematic. Criteria and dimensions chosen to evaluate 

the investment, or actors chosen to conduct the evaluation, are 

all discussed, but the physical system to be evaluated is not: it is 

as if it were already reliably defined, an obvious fact. However, 

the object to be evaluated is not just data.  

Some authors point out two problems in particular: on one hand, 

the scope of the object to be defined for the purpose of the 

evaluation; on the other, the level of analysis to be adopted for 

the evaluation. Both have to be defined. 

The issue of physical scope is often difficult to determine 

because it is not always easy to draw a clear boundary: the 

impacts of the solution often go beyond the single unit using the 

system directly [2]. This is even more difficult when the IS/IT 

solution is shared by different actors in a supply chain [4]. 

In addition, we must challenge the unit of analysis chosen for the 

evaluation of a project [9], whereas many IS project evaluation 

approaches focus on a single level of analysis [8]. Others believe 

that all evaluations should be conducted on two levels: 

individual and organizational [15]. Some authors go farther and 

put forward models that are able to apprehend a finer granularity 

by closely analyzing the data model [16]. However, the solution 

is not always to increase the level of detail.  

Finally, be it for the scope or for the level of analysis, no method 

or instrument can determine the “right” scope or the “right” level 

of analysis relative to the context. We would like to address this 

essential question of the evaluation of the object to evaluate, via 

a detour through the field of Artificial Intelligence.  

4 OUR FORMAL FRAMEWORK FOR THE EX-ANTE

EVALUATION OF IS PROJECTS 
Focusing on the representation of a project in order to conduct 

an ex-ante evaluation of this project, we need tools to grasp this 

representation. What are we talking about? How can we 

compare two representations of a same project?   

Considering the components of a representation, one must 

choose both the scope and the level of abstraction to best 

conduct the evaluation. These two dimensions – scope and 

abstraction – form a whole that we will call the space of 

representations.  

Talking about level of abstraction and scope is fuzzy: when we 

reduce the scope, we omit elements as well as when we raise the 

level of abstraction. Is there a difference? In order to work on 

the space of representations, we need to clarify these concepts. 

That’s why we are going to formalize these notions of scope and 

abstraction as well as transformations that can be applied to 

them. Our objective is to provide for ourselves a formal tool to 

apprehend this stage of the construction of the representation of 

the project.   

Representation and abstraction: a topic studied in Artificial 

Intelligence  
We focus here on studies in Artificial Intelligence (A.I.) that 

center on automatic decision-making and decision support – in 

particular action planning. Roughly, from an initial situation and 

with actions at our disposal, the goal is to create a chain of 

actions in order to achieve a number of objectives.  

Regarding formal decision, the question of the relationship 

between the representation of a problem and its resolution has 

been an active subject in recent years: playing on the 

representation, solving algorithms reach new performances. 

Indeed, in action planning, representing a state and a state 

transition plays a role all the more important as individually 

manipulating states is extremely costly due to their 

extraordinarily high number in realistic problems. Two families 

of approaches can be distinguished. 

The first – stemming from formal deduction systems [14] – 

mostly focuses on the speed of plan production, without 

optimizing them [25]. It uses an intensional representation in 

which states are described by logical properties. To manipulate 

these properties is to manipulate, all at once, all the states for 

which these properties are true. Thus, the successive algorithms 

have progressively deconstructed the individual state, yielding 

planners such as Graphplan [5] that first consider properties 

individually – manipulating the biggest sets of possible states in 

the representation. In Meiller’s studies [20], this approach is 

generalized: all research implies a splitting of the search space – 

the goal is to find the splitting which distinguishes what must be 

distinguished and which groups into clusters what does not need 

to be distinguished. 

The second family stems from decision-making theory. It allows 

one to apprehend a plan’s optimization (in terms of value and 

uncertainty). In this vein, Markov’s decision processes (MDP) 

[23] and existing resolution methods (value iteration and policy 

iteration) form a formal framework adapted to planning. 

Unfortunately, it rests on an enumerated representation of all the 

states and all the transitions. Research works have focused on 
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this representation. For example, [10] builds upon the initial 

space of  states to get an abstract space, by grouping states 

whose differences are useless for the resolution of the problem 

considered. Then, the works only deal with these groups of 

states. [6] adapts resolution algorithms to exploit, even down to 

resolution mechanisms, abstractions (or groupings of states) 

made possible by an intensional representation.  

Modeling: defining representation 
Basing ourselves on these studies, we model the space of 

representations of the tangible with a 3-tuple:  

�� � ��� �� � 	
�
�

Where: 

� � is the group of elements included in the representation – 

what we consider to be its scope; 

� � � ��� so that �� covers  �: 

�� � ������ � ��	���	⋃�� � ��	

� �� structures the grouping of the elements of the scope 

of �� with sets of elements which are so many 

abstractions at our disposal - it is these abstractions 

that are manipulated by the evaluation process; 

� 	
�
 is a set of constraints, relationships, applications, etc. 

relating to ��. It is the model describing the interactions 

between the elements of ��. 

Therefore, we define abstraction as the grouping of the elements 

of a set into clusters of elements, invoking the artificial 

intelligence studies we have mentioned. Indeed, once these 

clusters are constituted, we can manipulate them directly, 

without distinguishing the elements that constitute them – that 

is, by abstracting this distinction.  

�� structures the scope � into a group of abstractions (that is, a 

group of state clusters). In our model, it is these state clusters 

that are manipulated by the evaluation process. � is only 

apprehended through �� . 

At this stage, we do not define any further what an element is.  

In an information system project, we could have:  

� Among the elements of �: the collaborators concerned, the 

technologies used, the processes affected; 

� Among the elements of ��: the back-office and front office 

sets, the business process and management process sets, 

categories of actors (Human Resources department, accredited 

personnel, etc.), functions (data entry operator, counter clerk, 

network administrator, management controller…); 

� Among the elements of 	
�
: workflow, regulatory 

organization constraints, rules for technological compatibility, 

security rules and procedures for the different elements of �…  

Modeling: manipulation and modification of the 

representation 
Once a representation is defined, it can be modified: 

� Either by tinkering with the abstractions – ��;  

� Or by tinkering with the scope – �. 

Increasing the level of abstraction is the same as no longer 

considering the distinction between two sets of elements, that is, 

to group them: 

�� !"�#!$ % �� & �� ' ��

																																																					(�) ' �� !"�#!$�(� )� � (⋃)

���������������������������������������� �������������������
1 The notation �*refers to the set of the parts of the set +, that is, 

the set of +’s sub-sets. 

Decreasing the level of abstraction is the same as introducing a 

distinction between the elements of a same set, that is, to split 

them in two subsets: 

�� !"�#!, % �� ' �-�

								. ' �� !"�#!,�.� � /(�)|( � ��) � �� (⋃) � .� ( 1 )2
By applying �� !"�#!$	and �� !"�#!,	to elements of �� and 

by replacing those with the results obtained, we can vary the 

abstractions offered by the representation. For example: 

34!	�� � 5�� ��� 	
�
6

34!	��
� 7 �� 	���	��

′ � 5�� 8 ���
� �6	�	�� !"�#!,���

� �
34!	��

′ � ��� ��
′ � 	
�

′ �

�� and ��
′  are two representations of the same tangible 9, using 

the same scope, but manipulating different abstractions.   

The scope is the set of elements used in the representation. 

Increasing or decreasing the scope is the same as adding or 

subtracting elements from it: 

 #:;4$%  #:;4$��� )� � � < )
 #:;4, %  #:;4,��� )� � � 8 )

Expressivity of our model and operationalizing 

Several abstractions can coexist 
Let us consider a representation of the tangible  

�� � ��� �� � 	
�
�. 

The rest of the evaluation process exploits the elements of ��
and 	
�

. Each element �� of �� is an abstraction of a sub-set of 

�: it abstracts differences between elements of ��. In our model, 

several groupings are possible for a same group of elements. It 

reflects the fact that certain elements must be distinguished for a 

certain type of evaluation, and do not need to be distinguished 

for others. Let us consider for example a technical evaluation 

that indicates the need to involve computer science engineers, 

and a human resources evaluation that must indicate precisely 

which individuals should be involved... 

(=>4�	� � /�?� �-� �@� �A2
(=>4�	�� � �/�?� �-� �@2� /�A2� /�-� �@2� /�?2�

Here, the element �? can be considered either in isolation or 

grouped with �- and �@. 

Quality of representations 
For a same project, several representations of the tangible are 

possible. The question of the evaluation of these different 

representations then comes up.  

The following three elements guarantee that a representation will 

lead to the evaluation of a project: 

� The scope � includes all the elements affecting the evaluation; 

� The abstractions used, grouped under ��, allow the distinction 

of all the cases that do not have the same evaluation result; 

� The model  	
�
 contains no errors. 

� We call “error” an assertion that does not correspond to 

reality. Here is an example of error: 

� “It is not mandatory, in France, to use sterilized instruments in 

surgery”.  

Many representations can satisfy these constraints. Here are two 

more criteria we can use to evaluate one against the other2 : 

���������������������������������������� �������������������
2 Beyond any “elegance” in the representation, these 

characteristics must be apprehended in terms of the treatment 
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� Every element of the scope that has no impact on the result is 

useless, the scope should exclude them;  

� If two elements of �� 	impact the result in the same way, they 

should not be distinguished.  

5 FIELD STUDY 
We propose to apply our formal framework to a case study 

dealing with RFID in hospitals. The question of evaluating what 

has to be evaluated is often acute in RFID projects as these tend 

to be collaborative projects spanning beyond the boundaries of a 

single organization. 

Short description of the RFID project studied 
The project began at the beginning of 2007.It is fully described 

in [21] and [22]. It gathers eighteen partners, including six 

French hospitals, using or planning to use RFID solutions in 

different applications specific to the hospital context. Among the 

actors in these projects, we can list eight companies that offer 

technical solutions to hospitals, as well as the DGCIS3 that 

partly funds this project.  

The RFID solutions studied all involve issues of traceability – 

each corresponding to the tracking of a device or a specific 

container:  

1/ medical gas tanks (the oxygen, for example) ; 

2/ surgical instruments (during the sterilization process); 

3/ ancillaries (specific group of instruments for the implantation 

or extraction of a prosthesis, traveling from hospital to hospital). 

The RFID technology was considered along with alternative 

technologies – namely Barcodes and Datamatrix. 

These projects are listed independently, application by 

application. However, this presentation structure does not 

correspond to the logic of our hospital partners, some of which 

were interested in several applications – the sum of which 

constituted their investment project. Each application can indeed 

be considered as an instantiation of a generic hospital issue: 

tracking medical devices  within the hospitals and sometimes 

between hospitals, under budget and healthcare constraints. 

In this context, these projects’objectives are twofold: on the one 

hand to enhance the management of medical devices , and on the 

other hand to optimize the allocation to management tasks of 

healthcare qualified staff. 

Application of the model to the field 
Let us apply our formal framework to the case studied. 

Examples of impacts of the choice of scope and abstraction 

on the evaluation of technical pertinence  
Let us consider three different scopes: 

1/ the smallest scope: all the elements relating to the circuit of a 

given device within a hospital (either surgical instruments, 

either ancillaries, either gas tanks) and relevant to the 

proposed solution (RFID technologies, Data Matrix codes, 

barcodes, software developed by industrial partners…); 

2/ a larger scope: elements relating to a hospital potntialy 

interested in one, two, or three types of systems among 

those that interest us here (therefore integrating elements 

���������������������������������������� ���������������������������������������� ���������������

capacity of the evaluation process and particularly in terms of 

the risk of cognitive overload for the participants.   
3 DGCIS : Direction Générale de la Compétitivité, de l’Industrie 
et des Services – linked to the Ministère de l’Économie, de 
l’Industrie et de l’Emploi

related to the three types of devices and to the proposed 

solutions); 

3/ the largest scope: elements relating to a hospital and its 

suppliers (which, beyond the previous scope, includes the 

identification of these suppliers, their technical industrial 

constraints, regulations, their geographic location…). 

Let us consider two levels of abstraction: 

1/ the generic problem: traceability of medical devices within a 

hospital or between hospitals– that is, without 

distinguishing between different types of devices. 

2/ the detailed project (lower level of abstraction than for the 

generic problem), distinguishing between three types of 

devices (gas tanks, surgical instruments, and ancillaries).  

These three scopes and these two abstraction strategies allow 

one to construct five representations of the tangible. Let us note 

that the first abstraction strategy is not applicable to the first 

scope: indeed, formally, because the scope contains elements 

relating to a single medical device, these cannot be grouped with 

those belonging to other devices so as to be indistinguishable 

(�� !"�#!$ is not applicable). In other words: it is not possible 

to consider a scope centered on a specific device when the 

abstraction level does not allow one to distinguish different 

types of devices. 

Below, table 1 shows a synthesis of these five possibilities with, 

for each one, the result of the evaluation of the tangible 

concerning the pertinence of the different technologies (RFID, 

Data Matrix codes, and barcodes).  

Construction of the representation: example of a 

decrease in the level of abstraction 

At the highest level of abstraction, all the technologies seem 

equally pertinent. However, when the level of abstraction is 

lowered (that is, when more details are considered), by 

distinguishing the three types of devices, differences in 

technological pertinence emerge. The evaluation of 

technological pertinence is not homogenous among the three 

different applications. It is therefore necessary to exploit a level 

of abstraction that allows one to distinguish explicitly between 

the three cases. 

Impact of the scope on technological pertinence analysis 
The analysis of the previous section is relevant for the smallest 

scope (cell 1), when each type of system is considered 

individually. 

If we consider a hospital tracking all three types of systems  (cell 

3 – larger scope), it emerges that it would be easier for the 

pharmacy to use the same technology for all of its tracking. 

Thus, if RFID is used for other systems, then RFID is the most 

pertinent choice for the gas tanks as well. 

Construction of the representation: example in which 

the abstraction level is increased.  
There are three types of hospitals in France: public, private non-

profit-making, and private profit-making. 

The project’s hospital partners could fall under any of these 

three categories. The scope would include hospitals from all 

three categories. However, this distinction adds no value in the 

context of the applications we consider. Consequently, it is 

possible to use a level of abstraction that considers “hospitals” 

with no further distinction in status.  
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�

�

�

Detailed project with 3 types of devices   Generic problem 

Hospital 

and its 

suppliers 

(5) 
Same as cell 3 

� In addition: check compatibility with supplier constraints and tools. 

� Ancillaries: if there is a national database integrating the information, the 

Data Matrix codes is sufficient.  

� Medical gas tanks: can we use the same markings for both industrial 

tracking and internal hospital use?  

� Regulations demand that supplier mark their tanks with Data Matrix codes. 

(6) 
Same as cell 4 

� In addition: check compatibility with 

regulations applicable to suppliers 

� check compatibility with industrial 

tracking system used by supplier  

Hospital 

(3) 
Same as cell 1 

� In addition: issue of consistency of applications within the same hospital 

� If hospital sets up RFID for ancillaries and surgical tools, then RFID is 

preferable for gas tanks as well.  

(4) 

� RFID or Data Matrix codes or 

barcodes 

A device  

in 

particular 

(1) 

� Ancillaries: only RFID  

� Surgical instruments : RFID preferred for its resistance and legibility  

� Medical gas tanks : RFID vs. Data Matrix codes 

(2) 

� Not applicable 

Analysis in terms of scope and abstraction of an 

ambiguous exchange between partners  
In the medical gas tanks project, an industrial producer of 

medical gas declared to a hospital staff member that RFID 

technology could not be used because the metallic environment 

made it difficult to use RFID (the gas tanks are metallic). 

This explanation is based on an element of the	BCD
 and it is 

correct: indeed, a metallic environment complicates the 

propagation of electromagnetic waves. However, if the 

industrial environment of this provider is highly metallic, the 

environment of a hospital is not.  

The hospital staff member considered as his scope elements 

relating to application within his hospital, whereas the producer 

used a scope that included his own industrial setup.  The 

producer and the hospital staff member were both right, but they 

were not talking about the same tangible reality. 

Scope is ultimately insufficient  
For the integration of RFID transponders into surgical 

instruments, a proven but not normalized technology was 

considered and included in the scope �. No other technologies 

were considered. Unfortunately, the only supplier of such 

transponders ceased its production during the course of the 

project. Then the project had to be stopped until another 

solution could be found.  

If a search for alternative solutions had been undertaken and 

integrated into the scope of the representation of the tangible 

during the evaluation phase, it is possible that the evaluation of 

the project would have led to a different solution in the first 

place, reducing the dependency on one provider. 

6 DISCUSSION 

A representation of the representation 

Our approach tried to formally represent the space of 

representations of the tangible. In doing so, we show that by 

varying the scope of a representation or its structures of 

abstraction we obtain different evaluation results.  

The underlying idea is to make choices explicit at the time of 

the definition of the representation of the tangible considered.  

The explanation for these choices should make it easier to 

control the construction of this representation of the tangible. It 

should also foster discussion between actors of a same project. 

Making a choice explicit sheds light on the possibility of other 

choices. Why were these not chosen?  

Finally, to make explicit the level of abstraction at which the 

evaluator places himself allows one to make explicit the field in 

which the evaluation can be used. Did the evaluation cover a 

service of the hospital? The hospital as a whole? All hospitals? 

These questions are critical when examining the possibility of 

transposing the solution to other contexts.  

Towards methods aiding the construction of a 

representation 

One of the benefits of formalizing the notion of representation 

of the tangible, and specifically the space of representations, is 

to be able to explore this space more efficiently. We believe it 

can lead to quasi-systematic exploration methods that could 

help teams conduct evaluations for a project. Starting with an 

initial representation, the idea is to identify neighboring 

representations and to assess their pertinence. Concretely, the 

goal is to, on one hand, start with a given scope and include new 

elements or exclude existing elements; on the other hand, start 

with abstractions and group them into higher abstractions or 

split them into lower abstractions. These simple iterative 

algorithms will allow us to explore the space of representations 

from neighbor to neighbor.  

Abstractions and abusive generalizations  

We define an abstraction as the grouping of elements within a 

considered scope. In the field, certain abstractions are supported 

by a generalizing dynamic: from a number of cases studied, the 

result is generalized to other similar cases. In our formalization, 

this is equal to proceeding simultaneously to an extension of the 

scope (to include all the similar cases) and to a grouping of all 

the elements into an abstraction.  

These generalizations are useful. Yet they can be unfounded (if 

the elements considered are not representative of the whole). 

Our formal framework is not able to transcribe these aspects. 

However, these aspects can have an impact on the quality of a 

subsequent evaluation. 

Increasing scope  

Increasing level of abstraction

Table 3: Synthesis of the technological pertinence analysis for six representations characterized by the pairing (abstraction level, scope).  
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�

�

Arbitrary choices for our formal framework  
In this formalization of representation, we have used a set 

theory approach, because on the one hand its expressivity is 

satisfying, and on the other hand it is easily understandable. In 

particular, links between cluster, set, and abstraction are easy to 

express. Nevertheless, other formalizations could work as well. 

It seems to us possible to use generative grammars, by 

associating the alphabet to our scope, grammatical rules 

allowing us to build structures of abstraction. Galois connection 

and the formal concept analysis, including the ability to 

manipulate “concepts” both through their extension and their 

intension, seem interesting to apprehend our notions of scope 

and abstraction. Future studies could explore whether these 

formalizations are adequate for our approach.  

7 CONCLUSION 

From a literature revue of the issue of ex-ante evaluation of IS 

investments, we have shown that the various approaches tend to 

consider that the object under evaluation is a given, even though 

this question is far from being obvious from an empirical 

standpoint. In order to work on this step – the construction of 

the representation of the project to be evaluated – we propose a 

new conceptual framework: the space of representations, made 

up of two dimensions – the scope and the level of abstraction. 

Our approach is inspired by works in Artificial Intelligence. We 

have designed a formal definition of this space in order to 

provide us with a non ambiguous and rigorous tool. 

We showed the relevance of this approach on an empirical 

study: a collaborative RFID project in the healthcare domain. 

We show the impact of representation in the assessment results, 

as well as how Scope and Abstraction help us to structure our 

analysis of different representations. 

In future works, this framework should make it possible to 

address with greater rigor the issue of ex-ante evaluation but 

also to enhance the deliberative process of project management. 
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SUMMARY 

The objective of this research was to evaluate the 

effect of fungicides on the association with Glomus 
intraradices and soil contamination on three 

genotypes of beans (Phaseolus vulgaris L.), one of 

oat (Avena sativa L.), and another one of wheat 
(Triticum aestivum L.). The study was done under 

greenhouse conditions at the Montecillo Campus of 

the Postgraduate College, Mexico. Two soils were 

used, one irrigated with sewage water and the other 
one with clean water from a well. Half of the plants 

were inoculated with Glomus intraradices. 

Metacaptan was used as a fungicide applied to half 
of the seeds. The pH of the soil was alkaline. 

Electric conductivity, and organic matter, nitric and 

ammoniac nitrogen, phosphorous, copper and nickel 
quantities were higher on the soils irrigated with 

sewage water. The soil contamination did not affect 

significantly plant responses in this study. It is 

concluded that endomycorrhiza inoculation 
(Glomus intraradices) gave better growth and yield, 

especially in beans. The application of fungicides 

improved plant growth. 
Key words: Soil contamination, sewage water, 

arbuscular endomycorrhiza, edible legumes and 

cereals. 
 

INTRODUCTION 
 

Common bean is the most important legume in 

Mexico. Almost 2 million hectares were planted in 

2010 in this country. Oats and wheat are key cereals 

with high planted area (About 800 thousand, and 
700 thousand hectares respectively in 2010). They 

are cultivated in the Mexican central highlands and 

in the northwest. Water is scarce in those areas. 
Sewage water has been used for irrigation there. 

Studies on its effect on plant growth and yield are 

needed. Fungicides are used routinely to protect 

seeds. However, their consequences on beneficial 
microorganisms as endomycorhiza are rare.  

Glomus intraradices   has been used to improve 

plant growth under different conditions included 
contaminated soils. Several researchers consider 

that kind of fungi as the most important organisms on 

earth interacting in agro environments. More than 80% 

of all terrestrial plants, among them most of horticultural 
and crop plants have a symbiotic relationship with these 

fungi. The stimulation of plant growth can be attributed 

mainly to the improvement of phosphorus nutrition [1, 9, 
10, 18]. 

Glomus intraradices has increased bean yield 36% [15]. 

Novella et al. [17] had reported augmented corn and 

bean yield when they were cultivated together and were 
inoculated with a combination of Rhizobium and 

mycorhiza. 

Glomus mosseae amplified shoot growth four times [21]. 
Mycorhizal development was better under no tillage 

conditions than using conventional one in an oat-wheat 

rotation [22]. Mineral nitrogen improves biomass and 
root growth when mycorrhiza is present [20]. 

The objective of this study was to investigate the effect 

of fungicides on Glomus intraradices, and on the growth 

and yield of beans, oats and wheat in two soils with 
different water source under greenhouse conditions. 

 

 

MATERIALS AND METHODS 

 

The study was done under greenhouse conditions at the 

Postgraduate College, Montecillo Campus, State of 
Mexico, in the spring and summer of 2011. Two soils, 

from the Irrigation District 028 at Tulancingo, Hidalgo, 

Mexico, were used. One was irrigated with sewage water 
and the other one with clean water from a well. Their 

characteristics are shown in Table 1. 

The seeds were sterilized with 1% sodium hypochlorite 
during 4 minutes, and hydrated on filter paper in petri 

dishes for 48 hours. The seeds were sown in 

polyethylene bags that had been filled with 3 kg of two 

soil types. The treatments were: planting in soil irrigated 
with sewage water and the other one with clean water. 

Both soils were collected at three depths 0-5, 5-10, and 

10-40 cm from plots of one hectare [4]. 
The soil organic matter was determined using the 

Walkey and Black method, for phosphorus, Olsen was 

used. Interchangeable bases were measured with 
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ammonium acetate 1 Normal (CH3COONH4) pH 7, 

and micronutrients with DTPA (dietilen-triamino-

pentaacetic acid).  
Three bean genotypes (Flor de Mayo M38, Flor de 

Durazno, and Bayo Azteca), one for oats 

(Turquesa), and one for wheat (Nana F2007) were 

planted. The seed was provided by the National 
Institute for Agriculture, Livestock and Forestry 

Research (INIFAP). 

 
Table 1 Soil analysis for the two types, one 

irrigated with sewage water and the other with clean 

one. 

Depth
Soil 

irrigation
pH EC

Saturation 

point
OM P

cm dS m-1 % % mg  Kg-1

0 - 5 Clean 8.05 0.209 41.0 2.60 57.84

     5 - 10 Clean 8.03 0.252 42.0 2.43 78.10

    10 - 40 Clean 8.01 0.179 39.0 1.86 38.86

0 - 5 Sewage 8.34 0.524 62.0 4.52 79.15

     5 - 10 Sewage 8.38 0.506 52.0 3.28 73.91

    10 - 40 Sewage 8.54 0.464 52.0 3.29 78.83  
Depth

Soil 

irrigation
Ca Mg K Na N-NO3 N-NH4

cm

0 - 5 Clean 1834.2 443.2 478 115.82 14.7 17.4

     5 - 10 Clean 1948.4 457.6 572.6 110.38 19.9 21.8

    10 - 40 Clean 1694.4 422.4 353.8 146.9 10.06 16.35

0 - 5 Sewage 2354.0 561 264.2 580 13.5 34.2

     5 - 10 Sewage 2242.0 537.8 314.0 543.4 17.6 59.9

    10 - 40 Sewage 2184.0 559.6 419.6 572.6 7.71 29.20

 ----------------- mg Kg-1 -------------------  ----- mg  Kg-1 -----

 
Depth

Soil 

irrigation
Cu Mn Fe Zn Ni Cr

cm

0 - 5 Clean 2.34 38.56 25.99 2.70 0.576 0.138

     5 - 10 Clean 2.37 38.09 27.28 3.81 0.640 0.125

    10 - 40 Clean 2.04 38.74 22.75 1.59 0.506 0.121

0 - 5 Sewage 2.75 16.60 38.74 4.78 1.601 0.113

     5 - 10 Sewage 2.39 14.53 34.96 3.40 1.604 0.110

    10 - 40 Sewage 2.08 14.42 38.15 3.07 1.542 0.109

 ------------------------------------------- mg Kg-1 ----------------------------------------

 
Key: SP=Saturation point, EC=Electric conductivity, pH= 
Hydrogen potential, OM= Organic matter, N NO3= Nitric 

nitrogen, N NH4= Ammoniacal nitrogen. 

 
The inoculation was done during the planting, 

mixing 5 g of sand with sorghum roots with 78 % 

colonization of Glomus intraradices and 1050 

spores per 100 g of inert material. Two levels of 
Glomus were applied, with and without Glomus. 

The variables evaluated were plant height (PH, cm), 

stem diameter (SD, mm), biomass dry weight 
(BDW, g), grain dry weight (GDW, g), leaf area 

(LA, cm
2
), root length (RL, cm), root volume (RV 

cm
3
), root dry weight (RDW, g), pod number (PN), 

and nodule number (NN). 

A factorial arrangement with 40 treatments 

(5x2x2x2) was used with a completely randomized 

block design using three replications. An analysis of 
variance for all variables registered was done and a 

Tukey mean comparison test for the significant 

variables. 

 

RESULTS AND DISCUSSION: 

The pH of the soils was alkaline. The electric 

conductivity (EC), saturation point (SP), and organic 
matter (OM), calcium (Ca), magnesium (Mg), ammoniac 

nitrogen (N NH4), phosphorous (P), iron (Fe), zinc (Zn), 

and nickel (Ni) quantities are higher in the soils that were 

irrigated with sewage water. 
In both soils, the nitric nitrogen (N NO3) and the 

ammoniac nitrogen (N NH4) were higher in the 5-10 cm 

layer. The ammoniacal nitrogen (N NH4) is higher on the 
two soils due to the organic matter decomposition. It 

explains why nitrogen is higher on the soils that were 

irrigated with sewage water that have higher organic 
matter [16].   

The levels of Cu, Cr and Ni are below the threshold for 

considering them as contaminants [3], but Cu and Ni 

concentrations are increasing with the irrigation with 
sewage water. No Pb traces were found. The soils that 

were irrigated with clean water had higher K, Mn, and Cr 

concentration.  
On beans, there were highly significant differences 

(p≤0.01) in at least one of the main factors in all the 

variables recorded. The nodule number was the only 
measurement significantly affected (p≤0.05) for the 

contamination of the soil with sewage water. Their 

higher content of ammoniacal nitrogen could reduce 

nodule number. It is well known the antagonistic effect 
between nitrogen content is soils and nitrogen fixation 

[24]. The lack of effect on growth and yield could be 

explained by the bean low N fixation [23]. 
There were significant differences among treatments for 

all the variables recorded but plant height, due to the 

positive effect of inoculation with Glomus intraradices. 

It generated a beneficial effect on plant growth due to an 
improvement in the absorption of mineral nutrients 

required by the plants [2, 3]. This behavior was similar to 

that found by Gardezi et al. [8, 9, 10, 11 and 12]. 
Yield, root and shoot growth were superior to those of 

plants without inoculation (Table 2). The treatments with 

mycorrhiza had 63% more leaf area (Figure 2), 58% 
heavier shoot dry weight, 15% longer roots, 27% greater 

root volume, and 40% more nodules
1
 (Figure 3). This is 

an indication of a positive effect of mycorrhiza on plant 

growth originated by better mineral nutrient absorption 
required by the plant [1, 2]. Gardezi et al. [7, 10] also 

found this beneficial effect in Leucaena lecocephala 

associated with endomycorrhiza and with Rhizobium. 
Positive responses to the inoculation with mycorrhiza 

were also found in a number of species, including those 

studied in this experiment [19], and in beans [2]. 

                                                
1
 Increase percentages are referred to the values found in bean 

plants inoculated with mycorrhiza compared to those without 

inoculation. 
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The inoculation with Glomus intraradices improved 

root and shoot growth and also had a beneficial 

effect on the biological nitrogen fixation, and a 
higher absorption of nutrients [12], contributing to 

higher yield in beans, coinciding with other studies 

[2]. Inoculated plants yielded 87% more pods and 

77% more grain (Table 2 and Figure 1). 
 

           

Table 2. Honest significant difference of the effect 
of Glomus intraradices on common bean 

(Phaseolus vulgaris). 

Glomus 

intraradices

Grain dry 

weight (g)

Shoot dry 

weight (g)
Pod number

Pod dry 

weight (g)

Leaf area 

(cm2)

Plant height 

(cm)

Inoculated 10.37a 23.32a 10.89a 2.03a 955.56a 56.11a

Non inoculated 5.86b 14.754b 5.83b 1.36b 586.92b 54.50a  

Glomus 

intraradices

Stem 

diameter 

(cm)

Root length 

(cm)

Root volume 

(cm3)

Root dry 

weight (g)

Small nodule 

number

Total nodule 

number

Inoculated 0,24a 31.75a 7.08a 2.25a 3.24a 3.56a

Non inoculated 0,20b 27.64b 5.58b 1.58b 2.07b 2.54b  
Means with the same letter in each column are not significantly 
different (Tukey α= 0.05) 
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Figure 1. Effect of inoculation with Glomus 

intraradices on soils with two types of irrigation in 
grain dry weight of three cultivars common bean 

(Phaseolus vulgaris). 
Key: Cultivars: F1: Flor de Durazno bean, F2: Bayo Azteca 
bean, F3: Flor de Mayo M 38 bean. Glu=0: Noninoculated, 
Glu=1: Inoculated with Glomus intraradices. The vertical lines 
indicate standard error. 

 
The fungicide application improved vegetative 
growth (Table 3). It provided significantly higher 

(p≤0.01) plant height, and leaf area. This treatment 

also increased the number of small nodules and the 
total nodule number. The increase in leaf area could 

contribute to better N fixation. 

 

Table 3. Honest significant difference of the effect of 

fungicide on common bean (Phaseolus vulgaris). 

Fungicide 

(Metacaptan)

Grain dry 

weight (g)

Shoot dry 

weight (g)
Pod number

Pod dry 

weight (g)

Leaf area 

(cm2)

Plant height 

(cm)

Not applied 8.44a 18.96a 8.39a 1.78a 729.64b 53.42b

Applied 7.79a 19.11a 8.33a 1.60a 812.83a 57.19a  

Fungicide 

(Metacaptan)

Stem 

diameter 

(cm)

Root length 

(cm)

Root volume 

(cm3)

Root dry 

weight (g)

Small nodule 

number

Total nodule 

number

Not applied 0.23a 29.36a 6.31a 1.90a 2.57b 2.97a

Applied 0.21a 30.03a 6.36a 1.92a 2.74a 3.13a  
Means with the same letter in each column are not significantly 
different (Tukey α= 0.05) 
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Figure 2. Effect of inoculation with Glomus intraradices 

on soils with two types of irrigation on leaf area of three 

cultivars common bean (Phaseolus vulgaris). 
Key: Cultivars: F1: Flor de Durazno bean, F2: Bayo Azteca bean, F3: 

Flor de Mayo M 38 bean. Glu=0: Noninoculated, Glu=1: Inoculated 
with Glomus intraradices. The vertical lines indicate standard error. 

 

Bean genotypes were only significantly different in plant 
height (p≤0.01). This can be explained for the growth 

habit. Flor de Durazno genotype had a lower height 

because is determinate. The other two varieties (Bayo 
Azteca and Flor de Mayo M38) have indeterminate 

growth (Figure 4). However, other vegetative growth 

variables and yield were similar.  
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Figure 3. Effect of inoculation with Glomus 

intraradices on soils with two types of irrigation on 
the number of nodules of three cultivars common 

bean (Phaseolus vulgaris). 
Key: Cultivars: F1: Flor de Durazno bean, F2: Bayo Azteca 
bean, F3: Flor de Mayo M 38 bean. Glu=0: Noninoculated, 
Glu=1: Inoculated with Glomus intraradices. The vertical lines 
indicate standard error. 
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Figure 4. Effect of inoculation with Glomus 

intraradices and fungicide application in soils with 
two types of irrigation on plant height of three 

cultivars common bean (Phaseolus vulgaris). 
Key: Cultivars: F1: Flor de Durazno bean, F2: Bayo Azteca 
bean, F3: Flor de Mayo M 38 bean. Glo0= Noninoculated, 
Glo1= Inoculated with Glomus intraradices. Fungicide: F0: No 
application, F1: Metacaptan application. The vertical lines 
indicate standard error. 

 
In a similar way to beans, oat and wheat plants 
inoculated with Glomus intraradices had an 

enhanced root growth (p≤0.05) expressed as greater 

root length (110%
2
), greater root volume (130.5%), and 

heavier root dry weight (127.7%); as well as a larger 

photosynthetic apparatus (p≤0.05), expressed in biomass 
dry weight (184.7%) and leaf area (127.3%). 

 
 
Table 4. Honest significant difference of the effect of 

Glomus intraradices on oat (Avena sativa L.), and wheat 

(Triticum aestivum L.). 

Glomus 

intraradices

Grain dry 

weight (g)

Shoot dry 

weight (g)

Grain 

number

Leaf area 

(cm2)

Plant height 

(cm)

Inoculated 3.65a 12.19a 4.35a 293.7a 67.71a

Non inoculated 2.84b 6.60b 4.04b 230.71b 59.21a  
Glomus 

intraradices

Stem 

diameter 

(cm)

Root length 

(cm)

Root volume 

(cm3)

Root dry 

weight (g)

Inoculated 0.17a 24.50a 4.79a 1.89a

Non inoculated 0.12b 22.21a 3.67b 1.48b  
 
Means with the same letter in each column are not significantly 
different (Tukey α= 0.05) 
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Figure 5. Effect of inoculation with Glomus intraradices 

on shoot dry weight (g) of oats (Avena sativa) and wheat 

(Triticum aestivum). 
Key: Cultivars: A: Oats, TR: Wheat. G0= Noninoculated, G1= 
Inoculated with Glomus intraradices. The vertical lines indicate 

standard error. 
 
Better shoot and root development increased 

photosynthetic production and augmented grain yield 

(128.5%). 
 

 

                                                
2
 Increase rate are referred to the values found in oat and wheat 

plants inoculated with mycorrhiza compared to those without 
inoculation. 
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CONCLUSIONS 
 

Mycorrhizal inoculation and nitrogen fixation 
provided higher bean root and shoot growth and 

therefore, better yields. Previous evidence with 

legumes showed that they have benefited with this 

symbiosis because the treatments with this fungus 
produce the highest values for all evaluated 

variables. In oats and wheat, inoculation with 

Glomus intraradices leads also to superior root and 
shoot growth, and better yields. The contamination 

of the soil by sewage water did not affect plant 

growth or yield. The application of fungicide 
improved plant growth, but it did not change grain 

yield. 
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ABSTRACT 

In general population, mental stress increases 

cardiovascular morbidity and mortality. Detrended 

fluctuation analysis (DFA) has been proposed as a 

potentially useful method to determine the signs of 

cardiovascular disease.  Medical personnel, healthy 

subjects, and ill subjects can all benefit from an analysis 

of cardiac rythm in job-related mental stress. Results 

from this study describe that all of the senior 

administrators and the middle administrators of the 

university have low scaling exponent and most of them 

confirmed to be experiencing stress, in contrast are the 

professors who exhibited an exponent of 1 and believe 

that they have a enjoyable life every day. 

 

Keywords: Detrended fluctuation analysis, Mental 

Stress, Heartbeat, Exercise, Scaling exponent 

 

INTRODUCTION 

It is well known that mental stress and the emotions 

of everyday life can induce ventricular arrhythmias and 

sudden cardiac death that has been a major public health 

problem in many countries [1]. Most often, this sudden 

death is caused by fast ventricular tachycardia or 

ventricular fibrillation complicating an ischaemic cardiac 

condition in adults and successful resuscitation is still 

below 5% [2].  Therefore, there is an intense interest in 

the field of preventive medicine to determine who is at 

risk and identify opportunities to intervene to reduce the 

death toll. Within the general and apparently healthy 

population, an early identification of the high-risk 

subjects for sudden death during acute myocardial 

ischaemia is still a major challenge to cardiologists [3].  

Mental stress induces myocardial ischemia more 

common than previously known by contemporary 

cardiology [4] and mental stress-induced myocardial 

ischemia is an independent predictor of cardiac death. 

Indeed, the Psychophysiological Investigations of 

Myocardial Ischemia (PIMI) study indicated that patients 

with coronary disease who exhibited reduced cardiac 

blood flow in response to a mental stressor in the 

laboratory had triple the risk of death during the next five 

years [5]. One of the physiological responses to stress is 

an increase in heart rate, mostly mediated by the 

activation of the sympathetic nervous system, and the 

change of this the heart rate reflects the balance between 

vagal and sympathetic effect at the sinus node level, often 

referred to as “autonomic balance” [6].  There is strong 

experimental [7] and clinical [8] evidence showing that 

alterations in the autonomic balance, best quantified by a 

reduction in baroreflex sensitivity, are strong predictors 

of sudden death during acute myocardial ischaemia or 

after a myocardial infarction.  Thus, this paper is a study 

of the balance by using the Heart Rate Variability (HRV). 

We have studied the practical usefulness of DFA in 

analyzing the HRV that represents the physiological 

condition of the heart. In these studies we found that DFA 

could distinguish the beating of intact hearts from 

isolated hearts [9].  The results of the studies show that 

the scaling exponent of the isolated hearts shifted and 

approached 0.5 without exception (n = 4), whereas the 

scaling exponent of the intact hearts showed a value of 

about 1.0 without exception (n = 9). As a result, we 

postulated that DFA is reliable and useful because it 

seems to reflect bodily physiological processes quite 

accurately.  

A value of 1 has nonlinearly been determined to 

represent a healthy condition [10], an outcome that results 

from complex interactions between the structure and 

functions of molecules, cells, tissues, and organs. We 

thereby have hope that DFA can numerically determine 

the state of health as reflected by the degree of cardiac 

wellness. DFA appeared to reflect not only the condition 

of the heart itself but also its physiological interaction 

with the nervous system. We propose that DFA be used as 

a tool to detect the onset of cardiac problems, including 

disorders of the autonomic nervous system. 

 

Table 1. Interpretation of the Exponent Value [10] 

α Meaning 

0.5 – 0.899 Stress, PVC, Alternans, Naturally dying 

0.8 – 1.199 Healthy, 1/f fluctuation 

1.20 – 1.5   At risk of catastrophic circulation stoppage 

 

In this report, we show that DFA is a beneficial 

biomedical computing tool by presenting evidence of a 

decrement in the scaling exponent in subjects who 
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experience job-related mental stress. We present 

individual case studies instead of a statistical cohort 

investigation because no two individuals are ever the 

same in terms of genomic composition. In relation to this 

issue, it has been pointed out, for example, that tailored 

health interventions are more effective than generic 

interventions in the medical treatment of illnesses.  

 

MATERIALS AND METHODS 

Peak detection of the heartbeat 

Qualitative and quantitative high precision is 

mandatory in the detection of the peaks of the heartbeats.  

One obstacle that we sometimes faced in our previous 

studies is the noises originating from the electrical power-

line and the sweat on the skin under the electrodes, 

drifting baseline and undetected peaks of the signal.  We 

discovered that one-half of these cases were due to the 

sweat on the skin under the electrodes and we were able 

to overcome this problem by cleaning the skin with an 

appropriate solution.  In order to ensure a perfect 

analysis of the peaks, we had to remove some peaks that 

have been identified as noises by screening the recording 

visually over the PC screen and to include unidentifed 

peaks, thus avoiding missing true peaks.  The visual 

identification of the peaks done manually also helps in 

determining premature ventricular contraction (PVC) as 

peak of a signal because the height of signal is sometimes 

very short. It was discovered that among the “normal” 

subjects (age >40 yo), about 60 % of subjects have PVC 

arrhythmic heartbeats. Normally, this PVC is believed to 

be benign arrhythmia, and in fact during our recording, 

we found many healthy-looking individuals who 

exhibited this arrhythmia [11].   

 

Detrended Fluctuation Analysis (DFA) 

Detrended fluctuation analysis (DFA) is based on a 

relatively old idea conceived in the 1980s [12] but has 

been proposed as a potentially useful method to 

determine the signs of cardiovascular disease [13]. 

However, DFA has not yet been developed as a practical 

medical tool such as the electrocardiogram (EKG).   

The methods and computation of DFA has been 

described previously [12][14].  DFA is based on the 

concepts of “scaling” and “self-similarity” [13]. It can 

identify “critical” phenomena because systems near 

critical points exhibit self-similar fluctuations [3][13], 

which means that recorded signals and their 

magnified/contracted copies are statistically similar. Self-

similarity is defined as follows: In general, statistical 

quantities, such as “average” and “variance,” of a 

fluctuating signal can be calculated by taking the average 

of the signal through a certain section; however, the 

average is not necessarily a simple average. In this study, 

we took squared average of the data. The statistical 

quantity calculation depended on the section size. The 

signal was self-similar when the statistical quantity was 

λα times for a section size magnified by λ. Here, α is the 

“scaling exponent” and characterizes self-similarity. 

 

EKG recording 

For EKG, three Ag-AgCl electrodes (+, -, and 

ground, Nihonkoden Co. Ltd. disposable Model Vitrode 

V) were used. Wires from EKG electrodes were 

connected to an amplifier of our own design. These EKG 

signals are then connected to a Power Lab System.  

During the recording, the subjects were seated 

comfortably and actively participated in a casual 

conversation with others and in the interview done by the 

researchers to obtain data on the personal lifestyle and 

relevant family history.  All done in a friendly 

atmosphere and conducive ambience. 

 

Volunteers and ethics 

Subjects are top administrators in one of private 

universities in the city of Bandung, Indonesia who 

volunteered to participate in our study.  All subjects 

were treated as per the ethical control regulations of our 

respective universities, Universitas Advent Indonesia and 

Tokyo Metropolitan University. 

 

RESULTS 

The present results describe that all of the senior 

administrators (president and vice presidents) and the 

middle administrators (faculty dean and treasurer)  of 

the university have low scaling exponent and according 

to the guideline, most of them confirmed to be 

experiencing stress (Note: one example of DFA profile is 

shown below in Figures 1 and 2).  In contrast with this 

are the male and female “happy” professors who believe 

that they enjoy every day of their lives. 

Since they all look healthy when we met them, we 

expected that all of them may spend happy normal life. 

When we met them they were very kind and generous 

with a lot of smiles. However, to our surprise, people who 

are working at university important positions such as 

President and Dean as well as Treasurer exhibited a low 

scaling exponent, and only ordinary professors exhibited 

a healthy exponent 1. Here are the results. 

 

Case Study1. University President (Male, 58 yo) 

 
Figure 1.  DFA results with the President. 

 

  Among various fittings (box size: exponent) of 30-

90:0.94, 70-140:0.54, 51-100:0.52, 30-270:0.84,  the 

fitting from the box size 30-270 shows the best fitting, 

that is to say, the fitting reflects characteristics of entire 

slope of graph. We determined the President‟s scaling 
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exponent to be 0.84.  Figure 1 shows that plots do not 

show a beautiful straight line. Therefore, the scaling 

exponents calculated from different “box size” vary.  

The unsteadiness indicates that internal physiological 

function of the subject is not steady in terms of nonlinear 

interactions between the heart, autonomic nerves, other 

organs, cells, and molecules according to the nonlinear 

way of thinking.  We suspected that he is under stressful 

situations in his job which he confirmed to be true.  

 

Case study 2. Vice president (Female, 48 yo) 

 

 
Figure 2. DFA of the Vice President. 

 

The DFA of the Vice President (Fig. 2) shows fittings 

of (30-70:0.70, 51-100:0.66, 30-270:0.84) we determined 

an exponent of 0.84. During the EKG recording we talked 

to her a lot and she mentioned that her job is stressful. 

 

Case study 3. Faculty Dean (Male, 49 yo) 

 

 
Figure 3. DFA of the Dean  

 

The Dean‟s fittings (Fig. 3)  are (box size:exponent) 

30-70:1.26, 70-140:0.35, 51-100:0.53, 30-270:0.76. Our 

conclusion is that his overall exponent is 0.76 and he 

apparently has stress although he never mentioned it in 

our conversation. 

Plots of Figure 3 shows that slope from 30-70 is quite 

steep (1.26). In turn, slope from 51-100 is very flat (0.53). 

There might be a crossover of steep line (a high exponent 

tendency at smaller box size) and relatively flat line (a 

low exponent tendency at larger box size). 

We can determine that his heart and its control system 

that is the autonomic nerve function are at least not 

working at a perfectly in terms of DFA value. From his 

time series (see Figure 4, upper graph), we cannot tell 

serious abnormality of his heartbeats. However, one can 

see that the time series show a tendency of less 

fluctuation. Mathematically, we know that less 

fluctuation causes lower scaling exponent (note the y-

axis, fluctuation ranges from about 650 ms interval to 800 

ms interval, in turn ranging over 150 ms, at the heartbeat 

from the heartbeat No. 1 to the heartbeat No. 2000).  

Less fluctuation indicates that his heartbeats do not 

dynamically change in concert with dynamical change of 

demands from the environment. The Vice President time 

series exhibits more dynamic fluctuation than the Dean 

(see Figure 4, lower graph). Her heartbeat intervals 

ranged over 800-1250 ms, over 450 ms (compare upper 

and lower Figures). 

DFA reflect nonlinear dynamics of cardiovascular 

system. Therefore, we could not determine the causal 

factor of the results. However, we would like to 

emphasize that DFA partly reflect this range of 

fluctuation as explained earlier, and would like to suggest 

that the small fluctuation range may have decreased the 

Dean‟s exponent value.  

 

 

 
Figure 4. Time series which are used for computation of 

DFA. y-axis, heartbeat interval in ms. x-axis, heartbeat 

number. Upper, the Dean‟s interval time series. Lower, 

the Vice President‟s time series. 

 

Case Study 4.  University Treasurer (Male, 60 yo) 

 

 
Figure 5.  DFA profile of the treasure of the university. 

 

His exponent (Fig. 5) is 0.72 (box size 30-140) and 

this is not a good exponent. It shows that he is 

undergoing some stress, most probably related to his 

demanding job of being a treasurer.  When box size is 
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extended from 30-140 to 30-270, there is no difference in 

terms of exponent as one can see from the graph.  This 

can be seen on the plots that exhibit a beautiful scaling (a 

straight line) although the slope is not 1 (one) (45 degree 

slope in log-log plot, see original DFA reference paper). 

His bodily system does not work perfectly under stressful 

job, though we did not asked about it when we recorded 

his EKG because he looked happy on the outside. 

 

Case study 5. Professor A (Male, 62 yo)  

 

 
Figure 6. DFA profile of Professor A  

 

The DFA (Fig. 6) of Professor A shows a scaling 

exponent of 0.98, and this is a normal value, which shows 

that he does not experience stress. He shows a care-free 

attitude toward life and he enjoys life.   

 

Case Study 6.  Professor B (Female, 35 yo) 

 

 
Figure 7.  DFA profile of Professor B 

 

Exponent of Professor B (Fig. 7) is perfect at every 

box size: 30-70:1.14, 51-100:1.00, 30-140:1.04. We 

conclude that her scaling is perfect health, which means 

the plots exhibit a straight line and the slope exhibits 1.  

This is a typical healthy state in terms of DFA.  She 

smiles a lot. She talked actively about daily life to us and 

explained us how much she enjoying her life. 

Health does not seem to relate with age and gender. It 

strongly relates with how the individuals handle stress 

and also the extent the heart muscle has been damaged 

(such as ischemic injury). Stress and the damage change 

the firing pattern of the autonomic nervous system due to 

the necessity of adaptation to the change in subject‟s body 

system. This is physiological function. If physiology is 

wrong, the scaling exponent gets changed. However, we 

cannot tell what part(s) of the system is wrong.  

We conclude that chronic stress may induce the 

change in the scaling exponents. 

 

DISCUSSION 

Different types of jobs induce different degrees of 

mental stress.  One‟s susceptibility to stress is also 

determined  by his unique ability to cope with stress.  

A number of studies show that in general, people in 

administrative position in a university are prone to 

experience mental stress, less than the professors who do 

not hold any administrative position [15].  Our study 

shows that the stress experienced by our subjects who 

hold administrative position is confirmed by their low 

scaling exponent as calculated by DFA.  The low scaling 

exponent exhibited by the subjects may be caused by the 

presence of cardiac arrythmia, because our previous study 

shows that arrythmia lowers the scaling exponent [16].   

In general population, mental stress increases 

cardiovascular morbidity and mortality [1].  The main 

population at risk from ventricular arrhythmias are 

patients with oronary artery disease, and it is known to 

precipitate episodes of myocardial ischemia in 40% to 

70% of stable coronary artery disease (CAD) patients 

[17].  Although in many cases the arrhythmia induction 

is mediated by myocardial ischemia [18], mental stress 

and emotions also can be arrhythmogenic without 

inducing demonstrable ischemia, even in coronary artery 

disease patients [19]. It is generally believed that in such 

cases, the arrhythmia occurrence is mediated by the 

shifting of the sympathetic-parasympathetic balance 

toward predominant sympathetic effects. These findings 

strongly suggest the existence of non-ischemic as well as 

ischemic components. The exact mechanism by which 

sympathetic activity induced by mental stress triggers or 

facilitates ventricular arrhythmias in the absence of 

ischemia is not clear. One possible mechanism is 

increased heterogeneity of ventricular repolarization, 

which is an important predisposing factor for ventricular 

re-entrant arrhythmias [20]. It is known from studies in 

animal models that sympathetic stimulation increases 

heterogeneity of ventricular repolarization [21]. It is also 

known that emotion may alter repolarization parameters 

that are correlated with repolarization heterogeneity [22]. 

For example, mental stress enhances T-wave alternans in 

animals [23] and in humans susceptible to cardiac 

arrhythmias [24]. However, no systematic data in humans 

are available on the link between autonomic balance in 

response to emotion and ventricular repolarization.   

A recent study done on mental stress created by 

modern flight simulators and compared this response to 

that of exercise treadmill.  The result of the shows that 

laboratory mental stress often causes less myocardial 

ischemia than exercise stress, which may suggest that 

mental stress works through different mechanism than 

physical stress.  These researchers concluded that the 

differences in induction of ischemia by mental stress 

compared to exercise stress do not appear to be due to the 

creation of less hemodynamic stress [25]. 
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A Need for “Cardiac-checking Devise” 

The analysis of nonlinear dynamics in cardiology is 

well underway and is potentially of great significance.
 
At 

least at a conceptual level, nonlinear heartbeat analysis 

has been discussed for many years. Moreover, there is a 

consensus that its full realization would be highly useful.  

Medical personnel, healthy subjects, and ill subjects 

can all benefit from nonlinear cardiology. Manufacturers 

will especially benefit from the mass production of 

devices that use nonlinear systems. However, the 

customization of such device has yet to be accomplished 

on a large scale because of a missing link: from know-

how to actually design and build then mass-produce the 

device [26].  

We have taken up this challenge. We created custom-

designed software [27] (programmed by former graduate 

student K. Tanaka). Using this software we have 

conducted basic physiological investigations on heartbeat 

data obtained from hundreds of subjects. In order to 

describe an individual‟s health condition, we used the 

scaling exponent calculated by DFA on the fluctuation of 

heartbeat intervals. As a result, we confirmed that a value 

of 1 as formulated by Kobayashi and Musha [10] is 

satisfactory and that other values indicate an abnormal 

health condition varying in terms of arrhythmia, 

stressfulness, and so on. The guideline of using 1.0 as the 

standard was first confirmed in an animal experiment [9]. 

Convinced that this diagnostic strategy would be useful 

for future engineering work because it is quantitative and 

therefore reliable, we performed our own computations of 

the scaling exponent as needed in the experiments while 

relying on the original DFA concept of earlier researchers 

[12]. We consider DFA to be one highly useful 

technology.  

However, progress is not always straightforward. 

First, a prototype device has yet to be made but this has 

been slowed down by the lack of financial support for the 

necessary pertinent studies. Second, investors often have 

little appetite for risky projects [28]. To convince 

investors, further evidence that demonstrates the utility of 

DFA is required.  

Our idea of DFA-based health monitoring is geared 

toward preventive medicine. However, we occasionally 

encounter those who apparently dislike the concept of 

preventive medicine. Some professors and 

pharmaceutical workers indicate that they would prefer 

an increase in the number of patients. They may view the 

advancement of preventive medicine as a threat to their 

present social status. Nonetheless, we cannot hope to 

improve public health without a shift in emphasis from 

curative treatments to early detection and prevention of 

disease [16].
 

 

Quantification Cardiac Rythm 

Whatever triggers it, arrhythmia is an indication of 

mechanisms that distort a normal rhythm to an abnormal 

rhythm. However, the dynamics of both normal and 

abnormal rhythms are not well understood. To grasp the 

mechanisms of heartbeat generation mathematically, 

many researchers have used various measures to assess 

the complexity of the dynamics [3]. No theory, however, 

has ever been able to predict heart attacks. We first tested 

the DFA theory on hearts of crustaeans and came up with 

an understanding of the applicability of the theory [9]. It 

was through these series of investigations that we found 

that the theory could be applied to human hearts [29]. As 

shown in this article, we eventually found that mental 

stress contribute to the low scaling exponent.  

Using this theory in EKG recordings, we were able to 

measure a state of “deep sleep” [30] as well as the heart 

conditions of exercising athletes at the Olympic training 

center [11]. Arrhythmia is an iconic sign of a myocardial 

infarct. When patients have arrhythmia due to PVCs, 

there are risks involved no matter what counter measures 

the patients take (e.g., take medication, undergo surgical 

interventions, and so on). 

 

Concluding Remarks 

Mental stress lowers the scaling exponent. Our 

temporary guideline for determining the wellness of the 

heart by the scaling exponent is that a value near 1.0 

(specifically, 0.90–1.19) is healthy. This finding is of 

great clinical significance in this technical 

correspondence.   

 

REFERENCES  
[1]. H. Hemingway, M. Malik, M. Marmot, “Social and 

Psychosocial Influences on sudden cardiac death, and 

ventricular arrhythmia and cardiac autonomic function”, 

European Heart Journal, Vol. 22, 2001, pp. 1082–101. 

[2]. X.  Jouven, PJ. Schwatz, S. Secolano, C. Straczek, M. 

Tafflet, M.  Desnos, PJ. Empana, P. Ducimetiere, 

„'Excessive heart rate increase suring mild mental stress in 

preparation for exercise predicts death in the general 

population‟‟, European Heart Journal, Vol. 30, 2009, 

pp.1703-1710.  

[3]. X. Jouven, M. Desnos, C. Guerot, P. Ducimetiere, 

“Predicting sudden death in the population”, the Paris 

Prospective Study I. Circulation, Vol. 99, 1999, pp.1978–

1983. 

[4]. A. Doorey, B. Denenberg, V. Sagar, T. Hanna, J. Newman 

, P.H. Stone . “Comparison of myocardial ischemia during 

intense mental stress using flight simulation in airline 

pilots with coronary artery disease to that produced with 

conventional mental and treadmill exercise stress testing”,  

Journal of American College of Cardiology, Vol. 108, 

No. 5, 2011, pp. 651-7.  

[5]. D.S. Sheps, R. Soufer, K.E. Freedland, “Psychological 

Stress and Myocardial Ischemia: Understanding the Link 

and the Implications”, Psychosomatic Medicine,  Vol. 

69, 2007, pp. 491-492 

[6]. X. Jouven, P. J. Schwatrz, S. Escolano, C. Straczek, M. 

Tafflet, M. Desnos, J. P. Empana and P. Ducimetiere,  

“Excessive heart increase during mild mental stress 

inpreparation for exercise predicts sudden death in the 

general population‟‟, European Heart Journal Vol. 30, 

2009, pp.1703-1710. 

71

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doorey%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Denenberg%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sagar%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hanna%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newman%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newman%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newman%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stone%20PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21723529
http://www.ncbi.nlm.nih.gov/pubmed/21723529
http://www.ncbi.nlm.nih.gov/pubmed/21723529


 

 

[7]. P.J. Schwartz, M.T. La Rovere, E. Vanoli, “ Autonomic 

nervous system and sudden cardiac death. Experimental 

basis and clinical observations for post-myocardial 

infarction risk stratification”, Circulation, Vol.  85, 

1992,  pp. I77–I91. 

[8]. G.M. De Ferrari, A. Sanzo, A. Bertoletti, G. Specchia, E. 

Vanoli, P.J. Schwartz, “Baroreflex sensitivity predicts 

long-term cardiovascular mortality after myocardial 

infarction even in patients with preserved left ventricular 

function”, Journal of American College of Cardiology 

Vol. 50, 2007, pp. 2285–2290. 

[9]. T.  Yazawa, K.  Kiyono, K. Tanaka, and T. Katsuyama, 

“Neurodynamical control systems of the heart of Japanese 

spiny lobster, Panulirus japonicus”,  Izvestiya VUZ 

Applied Nonlinear Dynamics, Vol. 12, No. 1-2, 2004, 

pp. 114-121. 

[10]. M. Kobayashi and T. Musha, “1/f fluctuation of heartbeat 

period.” IEEE Transactions on Biomedical 

Engineering, Vol. 29, 1982, pp. 456-457. 

[11]. Y.  Toru, A.M. Hutapea, Y.  Shimoda, “Quantification 

of Athlete‟s Heartbeats Enganged in Ergometer Exercise: 

A Detrended Fluctuation Analysis Study Checking the 

Heart Condition. Lecture Notes on Engineering and 

Computer Science. University of California Berkeley, ”, 

2011, pp. 585-590 

[12]. C.K. Peng, S. Havlin, H.E. Stanley, and A. L. Goldberger, 

“Quantification of scaling exponents and crossover 

phenomena in nonstationary heartbeat time series”, 

Chaos, Vol. 5, 1995, pp. 82-87. 

[13]. H.E. Stanley, L.A.N. Amaral, A.L. Goldberger, S. Havlin, 

P.Ch. Ivanov, and C.K. Peng, “Statistical physics and 

physiology: monofractal and multifractal approaches, 

Physica A”,  Vol. 270, 1999, pp. 309-324. 

[14]. O. Barquero-Perez, J.M. de Sa, J.L. Rojo-Alvarez, and R. 

Goya-Esteban, “Changes in detrended fluctuation indices 

with aging in healthy and congestive heart failure 

subjects” Computers in Cardiology, Vol. 35, 2008, pp. 

45-48. 

[15]. M.L.A. Navarro, M.B. Mas, and M.L. Jiménez. “Working 

Conditions, Burnout and Stress Symptoms in University 

Professors:Validating a Structural Model of the Mediating 

Effect of Perceived Personal Competence”.  The 

Spanish Journal of Psychology  Vol. 13,  No. 1, 2010, 

pp. 284-296 

[16]. T. Yazawa, A.M. Hutapea, T. Katsuyama, Y. Shimoda, 

“Scaling exponent during arrythmia: Detrended 

Fluctuation Analysis is a Beneficial Biomedical 

Computation Tool”. Proceedings of the ASME 2011 

International” Mechanical Engineering Congress & 

Expostion IMECE 2011 (in press). 

[17]. J.E. Poole, G.H. Bardy, “Sudden cardiac death”. In: 

Zipes DP, Jaliffe J (editors). Cardiac electrophysiology. 

From cell to bedside. 3rd ed. WB Saunders Co, 2000, pp. 

615–40. 

[18]. P.H. Stone, D.S. Krantz, R.P. McMahon, A.D. Goldberg, 

L.C. Becker, B.R. Chaitman, H.A. Taylor, J.D. Cohen, 

K.E. Freedland, B.D. Bertolet, C. Coughlan, C.J. Pepine, 

P.G. Kaufmann, D.S. Sheps, “Relationship among mental 

stress induced ischemia and ischemia during daily life and 

during exercise”, The Psychophysiologic Investigations 

of myocardial ischemia (PIMI) study. J Am Coll 

Cardiol, Vol. 33, 1999, pp. 1476–84. 

[19]. R. Lampert, D. Jain, M.M. Burg, W.P. Batsford, C.A . 

McPherson, “Destabilising effect of mental stress on 

ventricular arrhythmias in patients with implantable 

cardioverter-defibrillators”. Circulation, Vol. 10, 2000, 

pp. 158–64. 

[20]. C.S. Kuo, K. Munakata, C.P. Pratap Reddy, B. Surawicz, 

“Characteristics and possible mechanisms of ventricular 

arrhythmias dependent on the dispersion of action 

potential durations”. Circulation, Vol. 67, 1983, pp. 

1356–67. 

[21]. J. Han, P. Garcia de Jalon, G.K. Moe, “Adrenergic effects 

on ventricular vulnerability”,  Circ Res, Vol. 14, 1964, 

pp. 516 –24 

[22]. P. Taggart, P. Sutton, C. Redfern, N. Velislav, N. 

Batchvarov, K. Hnatkova, M. Malik, U. James, A. Joseph, 

“The Effect of Mental Stress on the Non-Dipolar 

Components of the T Wave: Modulation by Hypnosis”, 

Psychosomatic Medicine, Vol.67, 2005, pp. 376-383. 

[23]. J.A. Kovach, B.D. Nearing, R.L. Verrier, “Angerlike 

behaviour state potentiates myocardial ischaemia-induced 

T-wave alternans in canines”, J Am Coll Cardiol Vol. 37, 

2001, pp. 1719 –25. 

[24]. W.J. Kop, D.S. Krantz, B.D. Nearing, J.S. Gottdiener, J.F. 

Quigley, M O‟Callahan, A.A. DelNegro, T.D. Friehling, P. 

Karasik, S. Suchday, J. Levine, R.L. Verrier, “Effects of 

acute mental stress and exercise on T-wave alternans in 

patients with implantable cardioverter defibrillators and 

controls.” Circulation, Vol. 109, 2004, pp. 1864 –9. 

[25]. A. Doorey, B. Denenberg, V. Sagar, T. Hanna, J. Newman, 

P.H. Stone,  “Comparison of Myocardial Ischemia 

During Intense Mental Stress Using Flight Simulation in 

Airline Pilots With Coronary Artery Disease to That 

Produced With Conventional Mental and Treadmill 

Exercise Stress Testing”,   American Journal of 

Cardiology, Vol. 108, No. 5,  2011, pp. 651-657. 

[26]. D. M. Anderson, “Mass customization‟s missing link” 

Mechanical Engineering, Vol. 133, 2011, pp. 32-35. 

[27]. T. Yazawa, K. Tanaka, A. Kato, T. Nagaoka, and T. 

Katsuyama, “Alternans lowers the scaling exponent of 

heartbeat fluctuation dynamics in animal models and 

humans”, WCECS2007 Proceedings, 2007, pp. 1-6. 

[28]. M. Goldsmith, “Scale matters”, Mechanical 

Engineering, Vol. 133, 2011, pp 44-47.  

[29]. T .Yazawa, K .Tanaka, and T. Katsuyama, “DFA on 

cardiac rhythm: Fluctuation of the heartbeat interval 

contain useful information for the risk of mortality in 

both, animal models and humans”, (WMSCI 2006). 

Proceedings Vol. 1, pp. 212-217. 

[30]. T. Yazawa, Y. Shimoda, and A.M. Hutapea (2011), 

“Evaluation of sleep by detrended fluctuation analysis 

of the heartbeat”, IAENG Transactions on Engineering 

Technologies, 6, in AIP Conference Proceedings series, 

the congress WCECS 2010”, AIP press, USA, (in press). 

 

 

 

 

 

72

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



 

 The Academic Globalization in the North-East of Argentina and Paraguay 
 

David L. LA RED MARTINEZ 

Dpto. Informática, FaCENA, Universidad Nacional del Nordeste (UNNE) 

9 de julio 1449 

(3400) Corrientes, Argentina 

+54-9379-4638194 

lrmdavid@exa.unne.edu.ar laredmartinez@gigared.com  

 

 
ABSTRACT 

 

The UNNE (National University of the Northeast, Argentina) 

jointly with American and Spanish universities, have been 
developing since the late 1990s a considerable amount of 

cooperation actions tending to the development of teaching 

resources of postgraduate in several Argentine and Paraguayan 

universities. The purpose of this paper is to analyze the 
development of cooperation activities of graduate, in the field 

of computer science, between the above-mentioned 

universities, in recent years, and within the framework of 

cooperation general programmes of the AECI (Spanish Agency 
of International Cooperation for Development), as PCI (Inter-

University Cooperation Programme), or specific programs 

between universities.  

 
Keywords: inter-university, postgraduate courses, computer 

science, American universities, UNNE, AECID, PCI. 

 

 

1. INTRODUCTION 

 

One of the aspects which will surely distinguish to our time in 

the overall context of history will be that it developed the 
"global village", which alludes to the community whose 

members relate to each other through the media of masses [1]. 

In this sense, the "global village" extends and reaches ever 

wider geographic areas and more areas of social reality [2].  
 

In this context and in the framework of the cooperation actions 

institutionally provided for by specific agencies and in the 

context of the spaces of interaction among universities 
themselves, with the aim of developing human resources, 

especially through activities of graduate (to cover areas of 

vacancy), is been able to develop a number of activities, such 

as post-graduate programmes, post-graduate courses, exchange 
of teachers and students to carry out teaching activities and 

research, etc.  

 

In this work are considered such actions developed with the 
participation of the Departamento de Informática of the 

Facultad de Ciencias Exacta y Naturales y Agrimensura 

(FaCENA) of the Universidad Nacional del Nordeste (UNNE) 

[3], of Argentina and obviously referring to the computer 
sciences. 

  

 

2. INSTITUTIONAL ENVIRONMENT 

 

From the institutional point of view they participated the 

AECID [4] through the PCI, the UNNE through the Secretaría 
de Relaciones Internacionales, the FaCENA through its 

Departamento de Informática, American and Spanish 

universities through their Secretariats or Vice President of 

International Relations and their specific academic 

departments, namely:  

 Departamento de Matemática Aplicada y Ciencias de 

la Computación - Universidad de Cantabria [5]. 

 Departamento de Lenguajes, Sistemas Informáticos e 

Ingeniería del Software - Universidad Pontificia de 

Salamanca Campus Madrid [6] and [7]. 

 Departamento de Lenguajes y Ciencias de la 

Computación - Universidad de Málaga [8]. 

 Departamento de Electrónica y Tecnología de 

Computadores - Universidad de Granada [9]. 

 Departamento de Ciencias de la Computación e 

Inteligencia Artificial - Universidad de Granada [9]. 

 Departamento de Informática - Universidad de Jaén 

[10]. 

 Departamento de Sociología - Universidad de 

Santiago de Compostela [11]. 

 Departamento de Informática - Universidad de 

Castilla – La Mancha [12]. 

 

 

3. MAIN ACTIONS IN THE FRAMEWORK OF 

GENERAL COOPERATION PROGRAMS 

 

The busiest program of cooperation has been the so-called PCI 

or Inter-university Cooperation Programme implemented by 
the AECID, through the respective agreements with the 

Government and universities of Argentine.  

 

The implementation of the program began in 1999; many 
Spanish teachers and students traveled to the UNNE, and 

teachers and students from the UNNE traveled to Spanish 

universities; specific work of teaching and research was carried 

out. 
 

Several Spanish universities have sent teachers to provide 

training or postgraduate courses and for assessing the master's 

thesis in Informatics and computing:  

 Univ. Pontificia de Salamanca Campus Madrid. 

 Univ. de Cantabria. 

 Univ. de Málaga. 

 Univ. de Granada. 

 Univ. de Santiago de Compostela. 

 

This has meant the displacement from Spain towards Argentina 

of twelve teachers, some of them several times, for the 
accomplishment of specific tasks previously agreed. 

 

The courses given at the UNNE by invited professors are as 

follows: 

 Scientific Software. 
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 Object Oriented Analysis. 

 Object Oriented Design. 

 Virtual Teaching in Geographic Information 

Systems. 

 Analysis and Design of Algorithms. 

 Tridimensional Computer Graphics. 

 Fuzzy Sets and Applications. 

 Virtual Reality. 

 Knowledge Management. 

 E-Commerce. 

 Unix Operating System. 

 Evolutionary Algorithms. 

 Web Engineering. 

 Voice and Audio Compression. 

 Voice Analysis and Recognition. 

 Graphic Photorealism. 

 Organizational Sociology. 

 

It is noted that these activities are the first of its kind developed 
in the Departmento de Informática of the FaCENA of the 

UNNE. As a result of the joint work of teachers of Spanish 

universities and professors of the Departmento de Informática 

of the FaCENA of the UNNE, there have been over twenty 
research articles published in specialized journals and 

international conferences.  

 

 

4. MAIN ACTIONS IN THE FRAMEWORK OF 

SPECIFIC COOPERATION PROGRAMS  

 
Actions by its magnitude and importance beyond the scope of 

general programmes are implemented through specific 

agreements and specific programs. The development of these 

activities has been used the face-to-face mode for the dictation 
of the postgraduate courses, staying later contact with teachers 

via the Internet for the development of work and other 

activities. In this sense the main actions implemented are the 

following: 
 

Specific agreement between the Universidad de Cantabria 

(Spain) and the UNNE to the dictates of a master's degree 

in computer science and informatic at the UNNE 

 

It was implemented from 1998, postgraduate courses were 

issued during the years 1998 and 1999, then the theses, which 

began to be defended in the year 2001; were 23 students 
completed the master's program. 

 

The courses were in charge of nine professors of the 

Universidad de Cantabria (Spain), one professor of the 
Universidad Pontificia de Salamanca Campus Madrid (Spain) 

and one professor of the Universidad de San Juan (Argentina). 

 

The courses were as follows: 

 Numerical Methods. 

 Preparation of Scientific Documents with LaTex. 

 Symbolic Calculus with Mathematica. 

 Neural Networks. 

 Internet and Intranet. 

 Java Language. 

 Expert Systems and Bayesian Networks. 

 Computational Geometry. 

 Computer Aided Design I and II. 

 Multimedia Methods. 

 Information Systems and Scientific Software. 
 

This master was the first of its kind issued in the UNNE. 

 

Specific agreement between the Universidad de Castilla - 

La Mancha (Spain), the UNNE and the Universidad 

Nacional de Misiones (UNaM) (Argentina) for the issuing of 

a master's degree in computer science and informatic at 

UNaM 
 

It was implemented from 2001, postgraduate courses were 

issued during the years 2001, 2002 and 2003, then the theses, 

which began to be defended in the year 2005; were completed 
the master's 6 pupils. 

 

The courses were in charge of six professors of the Universidad 

de Castilla - La Mancha, six professors from the UNNE, one 
professor of the Universidad de Cantabria and one professor of 

the UNaM [13]. 

 

The courses were as follows:  

 Mathematical Programming Methods – Optimization. 

 Preparation of Scientific Documents with LaTex. 

 Symbolic Calculus with Mathematica. 

 Neural Networks. 

 Internet and Intranet. 

 Numerical Methods. 

 Java Language. 

 Expert Systems and Bayesian Networks. 

 Multimedia Methods. 

 Information Systems. 

 Database Technologies. 

 Data Warehouses. 

 Epistemology and Research Methodology. 

 Informatics Audit.  

 

This master was the first of its kind issued in the UNaM. 

 

Specific agreement between the Universidad Nacional de 

Pilar (UNP) (Paraguay), the UNNE and the UNaM 

(Argentina) for the issuing of a master's degree in computer 

science and informatic at UNP  

 
It was implemented from 2006, postgraduate courses were 

issued during the years 2006 and 2007, then the theses, which 

began to be defended in the year 2009; were completed the 
master's 1 pupil. 

 

The courses were in charge of two professors of the 

Universidad de Castilla - La Mancha, five professors from the 
UNNE, one professor of the Universidad de Cantabria, three 

professor of the UNaM, one professor of the Florida Atlantic 

University (USA) [14], one professor of the Universidad de 

Málaga (Spain), one professor of the Universidad Tecnológica 
Nacional (UTN) [15] and one professor of the UNP [16]. 

 

The courses were as follows:  

 Mathematical Programming Methods – Optimization. 

 Preparation of Scientific Documents with LaTex. 

 Symbolic Calculus with Mathematica. 

 Neural Networks. 

 Java Language. 

 Expert Systems and Bayesian Networks. 

 Multimedia Methods. 
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 Information Systems. 

 Database Technologies. 

 Data Warehouses. 

 Informatics Audit. 

 Security in Distributed Systems. 

 Knowledge Management and e-Commerce. 

 Multiplatform Emerging Technology. 

 e-Government. 

 Distance Education. 

 Epistemology and Research Methodology. 

 

This master was the first of its kind issued in the UNP.   

 

Specific agreement between the Universitdad Nacional del 

Este (UNE) (Paraguay), the UNNE and the UNaM 

(Argentina) for the issuing of a master's degree in computer 

science and informatic at UNE [17] 

 
It was implemented from 2006, postgraduate courses were 

issued during the years 2006, 2007 and 2008, then the theses. 

 

The courses were in charge of one professor of the Universidad 
de Castilla - La Mancha, four professors from the UNNE, one 

professor of the Universidad de Cantabria, three professors of 

the UNaM, one professor of the Florida Atlantic University 

(USA), one professor of the Universidad de Málaga (Spain) 
and two professors of the Universidad Tecnológica Nacional 

(UTN). 

 

The courses were as follows:  

 Mathematical Programming Methods – Optimization. 

 Preparation of Scientific Documents with LaTex. 

 Neural Networks. 

 Java Language. 

 Expert Systems and Bayesian Networks. 

 Information Systems. 

 Database Technologies. 

 Data Warehouses. 

 Informatics Audit. 

 Security in Distributed Systems. 

 Knowledge Management and e-Commerce. 

 e-Government. 

 Distance Education. 

 Digital Image Processing and its Applications. 

 Programming for Internet Applications. 

 Decision Support Systems. 

 Epistemology and Research Methodology. 

 

This master was the first of its kind issued in the UNE.   

 
Specific agreement between the Universidad de Málaga 

(UMA) (España) and the UNNE for the issuing of a PhD in 

systems engineering and computing at UNNE 

 
It was implemented from 2007; the courses were issued during 
the 2007-2008 academic cycle; supervised research projects 

have been implemented in the academic cycle 2008-2009; to 

access the DEA evaluations were implemented during the 

2009-2010 academic cycle; the thesis are currently underway. 
 

Six postgraduate courses, which were in charge of six 

professors of the Universidad de Málaga were issued. 

 

The courses were as follows:  

 Epistemology and Methodology of Research. 

 Functional Programming. 

 Applications of Fuzzy Logic in Artificial 

Intelligence. 

 Neural Networks - Evolutionary Algorithms. 

 On-Line Decision Support Systems. 

 Multiplatform Emerging Technology. 

 

Have been developed 33 supervised research projects that were 

will be tutored by 18 professors of the Universidad de Málaga; 

28 doctoral students approved minimum research capacity 

(DEA). 

 
The lines of research were the following:  

 Advanced Technologies for the Transmission of 

Data. 

 Web Engineering and e-Commerce. 

 Evolutionary Programming and Computational 

Intelligence. 

 Fuzzy Databases. 

 

Were completed the doctoral program 1 pupil. 

 

This doctoral program was the first of its kind issued in the 
UNNE.    

 
5.  CONCLUSIONS 

 

Inter-university cooperation programs are being developed for 
many years. You have them has been used extensively in 

computer science at the UNNE. Have been generating many 

very useful and concrete actions that have transcended to the 

Departamento de Informática of the UNNE to extend to the 
UNaM, the UNP and the UNE, in an integrated project and far-

reaching. 

 

It should be noted the attitude of wide collaboration observed 

in Spanish universities and their staff of teachers, who on 

several occasions have sacrificed their holidays to travel to the 

Argentina in the framework of a program of collaboration such 

as those mentioned. 
 

Many universities in developing countries face the challenge of 

serving one growing population of students. These students are 

socially and culturally more diverse, in a new social 
environment. To meet its objectives, universities often have 

very limited budgets.  

 

Natural applicants to degree and postgraduate university 
studies joined professionals, technicians and others who wish 

to become actors in the new knowledge society. 

 

Universities must respond to demands of permanent training, 
increasingly diversified, including temporary restrictions. 

Students often are adults who cannot travel to foreign training 

centers. Universities may not only use the traditional form of 

teaching and learning and their own resources. It is necessary 
to implement cooperation programs for postgraduate courses, 

master's degrees and doctorates, in the Argentine and Latin 

American universities. These courses must be conducted by 

teachers and researchers from foreign universities, through 
agreements that facilitate the financing of the transfer of 

teachers and students. 
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Also, the diversity of contacts with teachers and students of 

foreign universities must promote interdisciplinary and a 

university curriculum of increasing levels. Today, the challenge 
is to develop a critical thinking that allows crossing borders and 

find information and evidence, recreate realities, implement 

more coherent and sustainable practices in the most profitable 

way, using new technologies and the new possibilities in the 
teaching – learning process.  

 

The knowledge society, with all its potential, puts to the test its 

protagonists, particularly to teachers and educational systems. 
Teachers have the responsibility for making the most of new 

opportunities of education. 

 

Finally, is considered of great importance implement programs 
of masters and doctorate, developed in Latin American 

universities by teachers of universities of Europe, United States 

and Latin America. Should make it easier for teachers of Latin 

America access to master's degrees and doctorates, and develop 
local human resources to cover areas of vacancy, especially at 

the postgraduate level, and then produce the multiplier effect. 

 

Firm and continued support from the highest levels of 
institutional decision is essential to achieve these objectives. It 

is also essential resources for travel of teachers and students, 

for example through programs such as the PCI of the AECI. 
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ABSTRACT 
 

This paper presented an occupancy-based smart plug 

system for appliance energy saving in smart home. We 

measured current consumption of appliances in real time 
using smart plugs, and check the occupation of residents 

using occupancy sensors installed on the door and room. 

The proposed system saves electric energy to switch off 

the supply power of unnecessary usages in the 

unoccupied spaces. Experiments conducted have shown 

that current usage of appliances can be measured by 

using smart plugs and presence can be checked by using 

occupancy sensors. 

 

Keywords: Smart house, Electricity monitoring, 

Occupancy sensor, PIR sensor, Wireless sensor network 
 

 

1. INTRODUCTION 
 

Conservation of energy is necessary for economic and 

social prosperity. It is important to optimize the usage of 

energy in homes and make the users aware of their 

energy consumption. There are various systems in the 

house which consume lots of electrical energy. With an 
increase in the usage of the modern devices on one side 

and the shortage of the energy supplies on other side, it 

has become mandatory to use the energy more 

effectively and if possible conserve it in smarter ways 

than before. 

The high energy required by home appliances and air 

conditioning systems, makes our homes one of the most 

critical areas for the impact of energy consumption on 

natural environment. In a modern household, hardly any 

device runs without electricity. Understanding household 

energy usage in-home is vital for the planning of energy 

consumption and conservation. Household are an 
important group when addressing energy conservation. 

Many researchers pointed out that changing life style is 

important to reduce the energy consumption.  

The smart metering and Home Energy Management 

Systems (HEMS) are being given increasing attention 

both in commercial enterprises. HEMS are much 

advertised and promoted as ‘high potentials’ for 

domestic energy savings, with some (commercial) 

energy monitors claiming 10–20% savings [1]. 

Smart meter is a very general term for a more 

advanced metering device, which provides more detailed 

information on consumption to the customer and is 

mostly able to communicate with the electricity supplier 

via some network for the purpose of accounting, billing 

and monitoring. Capabilities range from simple display a 

meter, which gives a user feedback on current and past 

consumption, to high-tech meters which are capable of 

interacting with home automation systems and for 
instance are able to switch on a device when the supplier 

indicates cheap energy prices [2], [3]. 

This paper presents the architecture, design, and 

evaluation of energy monitoring system, a smart plug for 

gathering electricity usage and controlling AC in a smart 

house using occupancy status. 

 

 

2. SYSTEM OVERVIEW 
 

The overall design of the smart energy monitoring 

system is shown in Fig. 1. The design divides the system 

three parts. The three pieces of this decomposition are 

the smart plugs, the occupancy sensor module, and the 

home gateway. 

 

 

 
Fig. 1 System overview 

 

A. Smart plugs 

An essential component of smart plug is the device 

that performs the energy measurement and control. This 

device consists of four components – Hall effect sensor, 

AD/DC power supply, microcontroller with radio, and 

relay as shown in Fig. 2.  

To obtain real, reactive, and apparent power 

measurements, a dedicated IC is usually used to perform 

the necessary analog-digital conversions. In this paper, 

we use the Hall effect sensor to convert current to 

voltage. These devices use the Hall effect to measure 
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current and can be either clamp-on (non-contacting) or 

in-line. Inline Hall effect sensors intercept the AC 

current and couple it with an internally calibrated Hall 

effect element. This approach is compact and precise. 

More importantly, the high voltage AC input is 

electrically isolated from the low voltage output inside 

the in-line Hall effect sensor.  

The sensor network module is implemented from a 

commercial product (Intech co., Kmote-B) which is a 

clone of Telosb platform, including a microcontroller 

(Texas Instruments co., MSP430, 8MHz), an 

IEEE802.15.4 compliant RF transceiver chip (Texas 

Instruments co., CC2420) [4-6]. 

 

 

(a) Appearance 

 

 
(b) Configuration 

Fig. 2 Smart plug 

 

B. Occupancy Sensor Module 

Figure 3 shows the photo of the developed sensing 

module. The sensing module is implemented from a 

commercial product (Intech, Kmote-B) which is a clone 

of Telosb platform, including a microcontroller (Texas 

Instruments, MSP430, 8MHz), a IEEE802.15.4 
compliant RF transceiver chip (Texas Instruments, 

CC2420), and a PIR sensor (PerkinElmer 

Optoelectronics, LHI878). 

 

 
Fig. 3. Occupancy sensor module. 

 

To reduce the power consumption, the hardware was 

modified to enable the use of wake-up and low-power 

mode. When the PIR sensor detects the movements of a 

person in a certain working range, it makes the 
microcontroller enter into the normal operation from 

low-power mode. 

 

C. Home Gateway 

The role of the home gateway is to store packets from 

the smart plug to a database as show in Fig. 4. We 

choose a small size PC for easy development of client 

program and convenient management of the in-house 

monitoring system.  

The home gateway reads the packet from base module 

and writes it with additional information into the 

database. The UI program is implemented under the MS 

Windows XP using MFC.  

 
(a) Home Gateway (Fit PC) 

 

 
(b) Base module (Kmote) 

Fig. 4 Home Gateway 

 

Fig. 5 is the energy control UI. 

 

78

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



 
Fig. 5 Energy control program UI 

 

 

3. EXPERIMENTS 
 

Fig. 6 illustrates the experimental measurement set-

up. The smart plug measures the current per 0.5 second, 

and transmits the wireless data to the energy control 

wallpad per 5 seconds. We measure the current 

consumption and electric power. It was based on the 

result of saved data in the energy control wallpad. Table 

1 is list of appliances. 

 

 
Fig. 6 Floor plan 

 
Table 1. Appliances 

Node ID Appliances 

1 Air Conditioner 

2 Water Purifier 

3 Fan 

4 Air Purifier 

5 PC 

6 TV 

7 Internet Modem 

9 Microwave Oven 

10 Printer 

11 Electric Rice Cooker 

 

Fig. 7 is power consumption traces from electrical 

appliances under measurement of appliances. 

 

 

 

 

 

 
Fig. 7 power consumption 

 

Fig. 8 is occupancy decision process. Occupancy state 

lasts 10 minutes after occupancy sensor fired. 
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Fig. 8 Occupancy decision 

 

Fig. 9 shows occupancy based energy saving results. 

In the absence state, we can reduce wasted electrical 

energy using power relay off. 

 

Fig. 9 Occupancy based energy saving 

 

Fig. 10 is comparison result of power consumption. 

PNormal is measurement power, and POccupation is saved 

power controlled using occupancy sensor modules. 

  

Fig. 10 power consumption 

 

4. CONCLUSIONS 

 

This paper presented an occupancy sensor-based 

power management system for appliance energy saving 

in smart house. We measured current consumption of 

appliances in real time using smart plugs, and checked 

the occupation of residents using occupancy sensors 

installed on the door and room. The proposed system 

saves electric energy to switch off the supply power of 

unnecessary usages in the unoccupied spaces. 

Experiments conducted have shown that electric energy 

usage of appliances can be saved about 34% checked by 

using occupation. 
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ABSTRACT 

As the technologies of the renewable energy production 
evolve, the sustainability aspects of the renewable 
energy production are topical at the moment. Dynamic 
modeling allows to design the whole production system 
and test the technological and economic aspects of this 
system for it`s efficiency and sustainability in a defined 
period of time. The Dynamic model, described in the 
article is set up for a farm that produces biogas from 
agriculture biomass. Dynamic model includes full cycle 
of agriculture production and consists of several 
mutually connected blocks: production (grain, biomass, 
milk, meat, biogas, heat, electricity), finance 
(investments, income, outcome, subsidies, loans), 
resources (arable land, farms, bioreactor, technical 
equipment, workforce), and risks (risk evaluation, risk 
reduction). The module is created within the Powersim 
Studio 7 software and tested with the data of the Latvia 
University of Agriculture (LUA) Study and Research 
farm ,,Vecauce’’ biogas production plant. 

Key words: Farm optimization, dynamic model, risk 
management 

1. INTRODUCTION

Following the world tendencies the topicality of 
renewable energy production in Latvia is increasing. 
Currently, the most of the electricity from renewable 
resources is made from hydropower plants, but 1% of 
electricity in Latvia is produced by cogeneration of 
biomass [2], which is seen as a perspective source for 
increasing renewable energy production under the 
conditions of Latvia. The development of cogeneration 
plants is largely encouraged by funding from the EU 
structural funds, Cohesion fund and European 
Agriculture fund for rural development available from 
the government of Latvia and the EU in past few and 
the following years till 2013.  
At the moment there are 23 biogas production plants 
working in the territory of Latvia with a total power 
capacity 29.92 MW, but till the year 2030 it is planned 
to increase the total production capacity till 90 MW 
(producing biogas from various biomasses)  [2]. With 
the extending of biogas production from agriculture 
biomass sustainability aspects, risk assessment and risk 

management becomes topical in farms, that produce this 
kind of energy.  
Currently in LUA biogas production technology studies, 
research on energy crop growing and biogas production 
economic assumptions are carried out. In this article the 
experience in setting up an all-embracing risk 
evaluation in farms that produce biogas and an attempt 
to create a dynamic module connected to the risk 
management mechanisms is reflected.  

2. MATERIALS AND METHODS 

A farm, that produces biogas is viewed from the system 
theory perspective [1]. Firstly the outside environment 
and it`s impact on the farm was determined: laws, 
regulations, subsidies, quotas, etc. The research was 
based on the data of a farm that is engaged both with 
crop production and dairy-farming and biogas 
production is an auxiliary sector. The crop production 
sector firstly serves to provide fodder for dairy cows – 
biomass for silage and heylage. Likewise crop 
production provides biogas reactor with maize or grass 
biomass [4]. The additional free arable land is fully used 
for grain production and growing of rape. The 
optimization of arable land is made by the following 
linear optimization task:

To find ijtx  values to maximize the income from crop-

production.  

max
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The need for crop production Ajt is determined by the 
need for fodder and biogas production that is simulated 
in the dynamic model.  
The dynamic model of the farm consists of several 
mutually connected modules: resources, production, 
finances and risks. Resources include 5 blocks (see Fig. 
1): arable land, production premises, technical 
equipment and vehicles, personnel and optimization of 
crop production sector. The module Resources is 
located in the MS Excel software, including the 
optimization block. Information Exchange between MS 
Excel and Powersim Studio is done by using Studio 

Dataset. The second module – Production – includes 
the following blocks: grain production, rape production, 
biomass production, reproduction of milking cows, milk 
production, biogas production, heat and electricity
production. All these blocks have Powersim Studio 
dynamic flow modules that, of course, are mutually 
connected. For example biogas production block 
includes biogas production flow module that 
accordingly is connected with the milking cow module, 
biomass production module and also heat and electricity 
production modules (see Fig. 2).   
Finance module includes 3 blocks: income, costs and 
profit. Data for assumptions of income and costs are 
gathered form the production block modules.  

Figure 1. Structural scheme of the farm dynamic module 

Risk module consists of two blocks: risk assessment and 
risk reduction. To define risk assessment variables 
expert interviews were used and the variables with the 
highest significance and likelihood of occurrence where 
chosen [3]. For risk reduction the Powersim Studio tool 
Risk Management was used, that allows reducing and 
diversifying biogas production risks.  
As the basis for biogas production module, the LUA 
study and research farm ,,Vecauce’’ biogas plant was 
used. It is built using WEL tec BioPower GmbH  

technology [5]. This technology is characteristic with 
biogas production in mezofil fermentation process, the 
brutto capacity of the fermenter is 2 006 m³. 
As a substrate in fermenter cattle manure, maize silage, 
grain and other substrates can be used, for the post-
fermentate a 4 100 m³ tank is built. A container-type 
TES with the electric power capacity of 260 kWel (for 
the production of electricity) and a heat production 
capacity of 310 kWter (for production of heat) is used 
for biogas procession into electric energy and heat. The 

nominal power capacity in the reactor is achieved 
within a year.  
Gas engine is produced by a company Libherr [6], but 
the generator by Marelli [7]. Gas consumption is 140 
Nm³/h and temperature of the hot water is 70/90 ºC. The 
forecasted annual production of electricity is 2 184 
MWh. For the technological use in the plant 110 – 120 
kW of heat are required or about 30% from the total 
amount of produced heat in the plant.  
The production of biogas is limited by the maximal 
capacity of the bioreactor and the amount of manure 
form the dairy cow farm. The amount of manure is 
determined by the number of dairy cows in the farm, in 
the MPS ,,Vecauce’’ there are 500 dairy cows. The 
amount of biomass for the biogas production can be 
supplied according to the necessity by increasing the 
production fields of maize or grass jet the priority of the 
simulation is to secure dairy cows with the fodder from 
the agriculture production of the farm.  

RESOURSE MODULE 

1st block: LAND 

2nd block: BUILDINGS 

3rd block: TECHNIKAL 
EQUIPMENT 

4th block: WORKFORCE 

5th block: OPTIMISATION 

PRODUCTON MODULE 

5th block: CROP 

6th block: BIOMASS 

7th block: COWS 

8th block: MILK 

9th block: BIOGAS 

10th block: ELECTIRCITY 

RISKS MODULE 

14th block: EVALUATION 

15th block: REDUCTION

FINANCE MODULE 

11th block: INCOME 

12th block: EXPENDITURE 

13th block: PROFIT 
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Figure 2. Flow diagram of the biogas production dynamic module

In the flow diagram the variables that determine biogas 
production are shown. These variables are modulated in 
other blocks of Production module, for example, 
biomass form maize and biomass from grass are 
modulated in the block – Biomass. Biogas outcome id 
assumed as a probable variable with a normal 
distribution, that is determined by an average value and 
a standard deviation. 

3. RESULTS AND DISCUSSION 
Each of the blocks of the Production module gives an 
outcome in the process of simulation: grain yield, 

biomass yield, number of dairy cows and an amount of 
milk produced, etc., as well as income and costs of the 
production in the farm. All production costs and income 
of the farm is summarized in the Finance module and it 
gives a possibility to estimate the profit of the farm.  For 
example, production of electricity from biogas is 
characterized by the following charts: produced 
electricity and income from sale of the produced 
electricity.  

Figure 3. Biogas production result chart

4. CONCLUSIONS 

Biogas production from agriculture biomass is a new 
type of economic activity for farms in Latvia that is 
currently supported from the state through purchase 

tariffs and from the EU in the form of co-funding for 
investments. 

Dynamic module allows to cover the whole cycle of 
biogas production, procession and distribution of the 

������

��������	�
�����

����	�

���������	��������
��������	�

���������

���������	����	���

�����	���
����

��������

�������	��

���	��

������	����

��������	����	��

����	����	��

����������������	�����������	�
���

����	����

 �	��
�!��"�	

��	�����	��

�����	�����	��

����	����	�����	
����

 	��������	����	��

��	�����	�����	
����

 	�����	�����	��

#����������	����	
��

#�������	�����	�
�

2012 2013 2014 2015 2016
0

5 000 000

10 000 000

15 000 000

Biogas (m3)

Elektroenergy (kWh)

Termoenergy (kWh)

Biogas production (m3/yr)

Time

83

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



produced energy, by including agriculture and dairy 
production, biogas production itself and the subsequent 
cogeneration of heat and energy.  Thus it allows 
improving the whole production cycle of the farm and 
testing the sustainability and economic efficiency of the 
renewable energy production in a defined period of 
time. 

Dynamic simulation also provides an opportunity to 
evaluate production risks and plan possible risk 
management alternatives as risk transfer, risk reduction, 
etc. 

After creation of the conceptual module it needs to be 
calibrated carefully according to the parameters of the 
specific farm with an aim to increase the reliability and 
applicability of the simulation results.   
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Abstract 

Securing wireless mobile ad hoc networks (MANETs) 

is challenging due to the lack of centralized authority 

and poor connectivity. Key management forms the basis 

for achieving many security objectives such as 

protecting routing protocols and private 

communications. We propose a novel key management 

scheme for MANETs that exploits mobility and the 

routing infrastructure to effectively manage security 

associations. Keying material propagates along virtual 

chains via a message relaying mechanism. We show 

that the proposed scheme results in a key management 

with low implementation complexity, ideally suited for 

stationary ad hoc networks and MANETs with low to 

high mobility. The proposed scheme uses mobility as an 

aid to fuel the rate of bootstrapping the routing security, 

but in contrast to existing schemes does not become 

dependent on mobility. The key dissemination occurs 

completely on-demand; security associations are only 

established, renewed or revoked as needed by the 

routing protocol and intrusion detection system. We 

show through sim

communication and computational overhead has 

negligible impact on network performance. 

 

Index Terms 

Mobile ad hoc networks, security, peer-to-peer key 

management, pairwise key management, authority 

based key management, network level key distribution, 

subordinate public keys 

 

I. INTRODUCTION 

 
Mobile ad hoc networks (MANETs) eliminate the need 

for pre-existing infrastructure by relying on the nodes to 

perform all network functions. The connectivity 

between the nodes is sporadic due to the shared, error-

prone wireless medium and frequent link breakages 

caused by node mobility [1][2][3].  

Many of the intended uses of MANETs require these 

systems to be appropriately secured [1]. For example, 

one of the well known applications of MANETs is 

vehicular communications [4] [5]. Without integrating 

security into vehicular networks (VNs), these systems 

may be compromised, jeopardizing the safety of the 

drivers and passengers. The consequences of not 

preventing abuse of VNs may even be fatal. 

The characteristics of MANETs make them susceptible 

to numerous attacks and also challenging to secure. Key 

management is central to MANET security [1] [2] [6] 

[7] as most secure routing schemes [8] [9] [10] [11] 

neglect the crucial task of secure key management and 

assume pre-existence and pre-sharing of secret and/or 

public/private key pairs [1] [12]. 

The primary differentiation between existing peer-to-

peer key management schemes can be based on the 

assumption of an off-line and/or on-line trusted 

authority [2] [6]. Key management schemes for 

MANETs can therefore be broadly grouped into fully 

self-organized schemes or authority-based schemes [2] 

[6] [3]. 

Authority-based MANETs address applications that 

demand the use of an off-line authority. The trusted 

authority sets up the nodes prior to network formation 

and may thus aid the nodes by providing strong access 

control to network services. In contrast to fully self-

organized MANETs the nodes in authority-based 

MANETs do have pre-established relationships. 

Although authority-based MANETs are not formed 

purely ad hoc, they share the main characteristics of 

MANETs such as node mobility and lack of 

infrastructure. This paper expands the notion of 

authority-based MANETs [6] to also include MANETs 

that use a distributed on-line authority (in addition to 

the off-line authority). The distributed on-line authority 

may provide essential certification services such as 

certificate renewal and revocation. 

The existing authority-based schemes are mostly key 

pre-distribution schemes [13] [14] [15] [16], ideally 

designed for sensor networks [3] (Vehicle Networks 

come under this group) . An off-line authority loads 

each sensor node with a large pool of keys prior to 

sensor deployment. The nodes then use this a priori 

distributed keying material to set up symmetric 

cryptographic keys between them during network 

formation. 

Authority-based schemes that use public key 

cryptography normally combine an off-line authority 

with a distributed on-line authority. The schemes 

presented in [1] [17] [18] [7] are good examples of the 

offline and distributed on-line authority combination. 

These schemes, in contrast to the key pre-distribution 

schemes, are not designed for nodes with limited 

computational, memory and energy resources such as 

sensor networks. They can therefore take advantage of 

the benefits of public key cryptography such as efficient 

key distribution [1] [7] [19]. 
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It is widely acknowledged that maintaining an on-line 

distributed certificate authority (DCA) is problematic in 

MANETs [2] [7] [3]. Luo et al [7] get around some of 

physically go back to the off-line authority to update 

their shares in 

view [7] still fails to eliminate the disadvantages of a 

DCA. 

Capkun et al [6] proposes an authority-based scheme 

where each node is preloaded by the offline authority 

with a certificate. After network formation each node 

becomes its own authority domain and distributes its 

certificate to nodes within its transmission range. The 

scheme in [6] thus eliminate the problems associated 

with the DCA by completely eliminating the on-line 

authority altogether. The authority-based solution in [6] 

is mainly a mobility-assisted, key distribution scheme 

and do not provide all the required key management 

mechanisms such as certificate renewal and revocation 

(see Section-II for more details on [6] and [7]). 

 

II. PROBLEM STATEMENT  
 

Considering the discussion above on the existing key 

management schemes and by expanding on our problem 

statement in [20], we defined the problem as follows; 

the challenge is to design a straightforward authority-

based key management scheme satisfying the following 

constraints: 

 The key management scheme (including key 

generation, key distribution, key renewal and key 

revocation) must exploit mobility as originally shown 

by Capkun et al. [6], but in contrast to existing solutions 

[6] avoid relying on node mobility in any way; the key 

management mechanisms must therefore be fully 

functional in a stationary or low mobility ad hoc 

network and perform even better in a high mobility 

scenario. If the scheme is dependent on node mobility 

the key distribution mechanism will fail in low mobility 

or stationary settings which is the case in [6] [12]. 

 The scheme should be fully distributed and 

therefore equally share the responsibility of managing 

security associations between all nodes forming the 

network (during the entire lifecycle of the network). 

This is to ensure reliable security services that place the 

same burden on the computational, memory and energy 

resources of all nodes [1] [2].  

 The key management scheme should break the 

routing-security interdependence cycle [21], while 

ensuring network scalability. Pre-distributing keying 

material to all the nodes, such that security associations 

between all nodes will be guaranteed, trivially mitigates 

the routing-security interdependence cycle. This 

however makes the network nonscalable; the offline 

trusted third party needs to engage with all nodes before 

the network can be formed. The management scheme 

should thus only require each node to be issued with its 

own keying material prior to network formation and not 

with the keying material of other nodes, that is, the 

 

 The scheme should avoid introducing any 

noticeable delay in the set up of security associations; 

the routing must be secure from the start of network 

formation, hence leave no window of opportunity for an 

attacker during security bootstrapping. 

 The key management scheme should reduce 

communication and computational overhead to have 

negligible impact on network performance under 

realistic traffic and mobility scenarios. 

 The scheme should avoid inflating the routing 

protocol control packets in order not to waste 

bandwidth. 

 The key management scheme should introduce 

minimal changes in the underlying secure MANET 

routing protocol and integrate seamlessly with existing 

secure routing protocols as well as Intrusion Detection 

Systems suitable for MANETs. 

 Certificates must be distributed (on-demand) 

as needed on the network (routing) layer and be 

transparent to the network participants, that is, the 

scheme should require no user involvement. 

Unnecessary user involvement makes the scheme prone 

to attacks that exploit human error. 

 The offline authority essentially controls 

access to the network or limits use of the application to 

authorized users only. Examples of such networks 

include MANETs formed by users that serve a common 

purpose such as large scale emergency response 

operations and military missions. We assume that the 

offline authority may be compromised during the 

lifetime of the network, but this should not compromise 

the keying material of existing networking participants. 

 

In this paper we focus on key management for 

authority-based MANETs given the constraints / 

requirements above. We expand on our preliminary 

work [3] [12] [20] and design a secure and efficient, 

authority-based public key management scheme called 

AuthBasedPKM. AuthBasedPKM consider mechanisms 

for public key generation, key distribution, key renewal 

and key revocation. 

 

III. OVERVIEW OF PROPOSED 

SCHEME 
 

AuthBasedPKM is broken down into an off-line phase 

and on-line phase. 

 

1) AuthBasedPKM Off-line Phase: During the off-line 

phase each network participant (user) that wants to join 

the network must visit the off-line authority (network 

administrator) to obtain an authentic public/private key 

pair. 

The user will physically take a node (networking 

device) to the authority for configuration. The 

configuration procedure is based on the authority-based 

public key establishment (APKE) protocol proposed in 

the paper. On completion of the APKE protocol, the 

node has the following: a universal set of system 
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parameters which includes the authentic public key of 

the off-line authority and an individual base 

public/private key pair. Note that the user is not issued 

with a conventional certificate by the offline authority 

but rather an implicitly authentic public key. The 

base public key can be implicitly authenticated using 

the off-  

Once the user has a base public/private key pair they 

generate a second or subordinate public/private key pair 

as presented by the authors in [12].  

If a digi

subordinate private key, is also available then the 

be explicitly authenticated [3]. For this reason the user 

also generates a self-certificate using its subordinate 

private key to bind its identity to its subordinate public 

key. We will show that this binding also inherently 

 

AuthBasedPKM also make use of crypto-based 

identifiers [22] [23] to securely bound a nodes network 

 

Once the users have a unique subordinate public key the 

node can join the network and will be accepted by the 

other nodes as authorized to participate in the network if 

e public key can be 

be verified using the off-

public key. 

 

2) AuthBased On-line Phase: The on-line phase of 

APKE involves key distribution, certificate renewal and 

certificate revocation. Since there is no form of 

(distributed) on-line authority whatsoever, all the key 

management functions are performed by the nodes in a 

fully distributed fashion. Similar to [6] [12] each node 

is its own authority domain, hence responsible for 

distributing certificates, updating its own subordinate 

public keys and keeping track of revoked certificates 

(invalid public keys). This feature effectively eliminates 

all the problem associated with a DCA as we describe 

in [3]. 

Key distribution is realized by our new scheme that 

uses intermediate nodes to relay public keying material 

along a virtual chain. The scheme, initially presented in 

[20], is called Certificate Dissemination based on 

Message Relaying (CertRelay). CertRelay provides key 

material on-demand to the routing infrastructure while 

breaking the classical routing-security interdependence 

cycle as described in [21]. 

The nodes use a self-organized key renewal procedure 

for deriving a new subordinate public key which is 

similar to the procedure that was used to generate the 

public keys. 

In [7] it is pointed out that key revocation is a common 

weakness in existing public key management schemes 

for MANETs. Most schemes realize revocation by 

relying on the nodes to proactively distributed their 

certificate revocation list (CRL) to other nodes. The 

proposed scheme, AuthBasedPKM, also makes use of 

CRLs but allow nodes to construct CRLs locally based 

on the output of a local (host-based) intrusion system. 

The new revocation scheme is also rooted in the 

characteristics of a suitable distributed intrusion 

detection mechanism for MANETs. If the node detects 

compromise of its keying material or the user suspect 

that its public key has been compromised the user 

implicitly distributed this information to the rest of the 

network using CertRelay. 

 

 

III. PROPOSED AUTHORITY-BASED 

PUBLIC KEY ESTABLISHMENT 

SCHEME 
 

The proposed authority-based public key establishment 

(APKE) protocol allows a single entity, party 

A, to negotiate for an authority-based public/private key 

pair (xA, yA) with a trusted third party, i.e. an off-line 
certification authority (CA). The new APKE scheme 

serves as a cryptographic building block in the off-line 

initialization phase of the proposed authority-based key 

management scheme (presented in Section-IV). 

 

In this paper an APKE protocol is proposed that 

leverages the scheme proposed by Peterson et al [25]. 

The proposed APKE scheme is based on the modified 

ElGamal type signature variant, presented in [12]. The 

main motivation for proposing the new scheme is to 

improve on the security of [25], enhance its efficiency 

and to ensure compatibility with our preliminary work 

(subordinate public key renewal scheme) presented in 

[12]. 

The following system parameters and notations are 

applicable: 

p, q two large primes, such that q | (p  1). 

g generator of the cyclic subgroup of order q in ( ) . 

H(·) collision free one-way hash function. 

xP private key of party P. 

yP public key of party P, where yP = g
x
P mod p. 

To ensure the integrity of the data exchanged between 

the CA and party A a secure side channel is required 

such as an infrared interface or physical wire. The 

existence of such an authentic channel between party A 
and the CA is a reasonable assumption [7] [6]. 

It is assumed that the CA has a long-term base 

public/private key pair (xCA, yCA), generated by 

choosing a random number xCA R [1, q 1] as its 

private key and a corresponding public key computed as 

=   mod p. 

The proposed protocol commence as follows: 

1) The CA sends to party A the system parameters, p, 
q, g, H(·) and its public key yCA. 

2) Party A chooses random number [1, 1], 

computes =  mod p and transmits   to the CA. 

3) The CA uses the modified ElGamal signature scheme 

presented in [12] to sign party A  

information KIA. The CA chooses random number 
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[1, 1] and computes =  and 

=  mod p. The certification information for 

party A is set by the CA as KIA = 
[ ] 

 Where IDCA is the identity of the CA, CertNoCA a 

unique sequence number, IssueDateCA the date of 

issuing the certificate, ValPeriodCA the validity period 

and  AddIn some additional extension information. 

The CA must ensure that the user ID is unique. Note 

that the contents of  KIA can be altered based on the 

CA IDA and rA is 

however mandatory. 

The CA computes the signature parameter, 

          sCA = xCA + H(KIA)kCA mod q,        (1) 

and sends (sCA,KIA) to party A. 

4) Party A can compute its private key as, 

    xA = sCA+H(KIA)  = xCA+H(KIA)kCA+H(KIA)  =   
xCA+H(KIA)[kCA+ ] mod q                         (2) 

The triplet (rCA, , xA), can be seen as the proxy 

signature of the CA on KIA. Party A verifies the 

signature of the CA and calculates the corresponding 

public key using Equation-3: 

= .
( )

= .
[ + ]   

                                                             (3) 

Section-V addresses the security and performance of the 

proposed APKE protocol. 

 

IV. PROPOSED AUTHORITY-BASED 

KEY MANAGEMENT SCHEME 
The proposed authority-based peer-to-peer key 

management scheme for MANETs, called 

AuthBasedPKM, will be presented next. We first 

discuss the system model and adversary model. Then 

we consider the off-line initialization phase, followed by 

the on-line post-initialization operation. 

 

A. System Model 

Similar to [2] [12] [26] [6], we consider a fully 

distributed network of wireless nodes with generic 

medium access control (MAC) and routing 

mechanisms. Nodes can be stationary or move with low 

to high mobili

there are no pre-existing infrastructure and no form of 

on-line trusted authority, hence our scheme does not 

make use of a distributed certificate authority as 

proposed in [1] [17] [18] [7]. The scheme requires an 

off-line trusted authority (TTP) to initialize the nodes 

prior to joining the network. This assumption is 

consistent with existing literature [1] [7] [6] and as 

noted in [7] allows for a high-level of protection to 

secure high-value communication in, for example, 

military type applications or in any MANET which 

requires strong access control. 

 

Each node negotiates with the off-line TTP for a 

discrete logarithm, authority-based public/private key 

pair. The trusted authority thus only issues each node 

with their own key pair and not with the keying material 

of any other nodes. This is an important feature since it 

ensures scalability; the restriction avoids an impractical 

initialization phase for large-scale networks and allow 

new nodes to join the network at any point in time after 

network formation. 

The base or originally generated key pair of users is 

never used for any real communication to protect it 

from attacks on the cryptographic algorithms used to 

secure communication. The users rather derive a second 

or subordinate public/private key pair from their base 

key pair. The notion of subordinate public key 

generation is presented in [12]. 

Each user then generates a self-certificate to bind other 

useful information to their keying material such as a 

unique sequence number, expiry date etc. 

Any user with a valid self-certificate can join the 

network. After the initialization phase, each node 

becomes its own authority domain during network 

operation and is therefore responsible for the renewal, 

dissemination and revocation of its own certificates. In 

contrast to [12] that exchange certificates between 

nodes only on a peer-to-peer basis, our new key 

distribution mechanism distributes certificates using a 

peer-to-peer message relaying mechanism. 

 

 B. Adversary Model 

We consider a straightforward general adversary model. 

An adversary is a malicious node that uses every means 

available to break the proposed key management 

scheme. Any active adversary can eavesdrop on all the 

communication between nodes, modify the content of 

messages and inject them back into the wireless 

channel. When a node is compromised all its public and 

private information is exposed to the adversary. In fact, 

the Dolev-Yao adversary model [27] is to restrictive 

[28], for example, it fails to capture information an 

adversary may gain from detailed knowledge of the 

protocols in use. We assume an active, insider 

adversary. The adversary can therefore make use of all 

the basic network services, such as the routing 

infrastructure. 

The operation of AuthBasedPKM is divided into an 

initialization phase which is executed by each node and 

the trusted off-line authority before the user joins the 

network and a post-initialization phase which executes 

during network operation. 

 

C. Initialization Phase of AuthBasedPKM 

Each node Pi, for (1 ), contacts the off-line 

trusted authority for the system parameters and 

negotiates with the trusted authority for an authority-

based base public/private key pair (xi, yi). The proposed 

authority-based public key establishment (APKE) 

protocol is detailed in Section-III. 

Each node generates a unique identifier (Addressi) that 

is bound to its base public key yi as follows: 

Addressi = H(yi)                  (4) 
AuthBasedPKM requires Addressi to be used as the 

 address. 

Note that this requirement places no constraints on the 

structure of the network addresses: the entire hash 
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output, Addressi, can be used in MANETs with flat, 

static addresses or only a part of the output can be used 

in MANETs with dynamic addressing. 

After each node established a public/private key pair (xi, 
yi) via the APKE protocol, each node Pi uses its base 

key pair to generate a subordinate public/private key 

pair ( , ) as follows [12]: 

1) Pi chooses a random number [1, 1] and 

computes =  mod p. 

2) Pi computes its new subordinate private key as: 

= + ( )               (5) 
where KIi is the original keying information supplied by 

the off-line TTP (see Section-III) and  is Pi

commitment. 

3) Finally Pi computes its corresponding subordinate 

public key as: 

= = ( ) ( )           (6) 

To obtain an explicitly authentic key pair, Pi uses its 

newly obtained subordinate private key  to sign its 

key information content, KIi (concatenated with its 

subordinate public key   and public commitment   

via the modified ElGamal signature scheme presented 

in [12]. Pi  

=

[ ], 

where ( , ) is the appended signature on ( 

( ) 

Note that Pi (xi, yi) is never used for any 

real communication. Rather, each Pi uses its 

subordinate key pair ( , ) for securing actual 

communication. 

 

D. Post-Initialization Phase of AuthBasedPKM 

The post-initialization phase is defined from the start of 

network formation and involves mainly the following 

mechanisms: 

1) Certificate distribution 

2) Certificate authentication 

3) Certificate renewal and revocation 

 

Here we introduce in a very short way the proposed 

certificate (key) distribution.  

The details of the three mechanisms are given in a paper 

submitted to IEEE. 

 

Proposed Key (Certificate) Distribution Scheme 

The proposed scheme is designed specifically to have a 

low implementation complexity and to allow for easy 

integration into most secure MANET routing protocols. 

The proposed scheme, called Certificate Dissemination 

based on Message Relaying (CertRelay), is derived 

from the following straightforward procedure, 

illustrated in the next figure: 

When a node (RN) receives a routing control packet it 

checks in its certificate database if it has the certificates 

of the packet originator (ON) and the previous-hop 

node (PN) on the forward route. If RN has both the 

certificates of ON and PN (CertON and CertPN), it 

can process the control packet as normal. 

 
 

If not, it requests both the certificates from PN. If RN 

does not have the certificate of PN it also sends its own 

certificate with the request to the previous-hop. Note 

that if RN is the first-hop on the route, then the 

previous-hop node and the control packet originator 

node will be the same entity. The routing messages thus 

effectively chain nodes together and allow them to relay 

all keying material, as required, along the virtual chains. 

The proposed key distribution scheme, CertRelay, 

is mainly based on the straightforward procedure 

introduced in Sect. I. 

The scheme is summarized in Table I  

 
 

 

V. CONCLUSIONS 
 

The proposed peer-to-peer key management scheme for 

MANETs, presented in Section-IV, makes use of 

authority-based public key establishment (introduced in 

Section-III), subordinate public keys [12] and crypto-

based identifiers [22] [23] as building blocks to 

effectively eliminate the need for any form of on-line 

TTP. Constructing and maintaining an on-line TTP in 

MANETs has proven to be impractical. 

The use a distributed certificate authority (DCA) as an 

on-line TTP makes the MANET vulnerable to attack 
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and eliminates a strong security argument. Our 

proposed scheme avoids these weaknesses by using a 

fully distributed system where each node becomes its 

own authority domain. 

The complete analysis of the security of the proposed 

schemes are discussed in another paper submitted to 

IEEE. 
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ABSTRACT

Group services like the audioconference require a minimum
level of quality of service for the adequate transmission of

multimedia packets, and the improvement of signaling processes
for the establishment, maintenance and release of multicast
group sessions. Traditionally, the SIP (Session Initiation
Protocol)  servers  have  dealt  with  unicast  signaling  and
complementary support IP (Internet Protocol) multicast. The
distribution patterns of the session are described on the SDP
(Session Description Protocol) payload. As a consequence, the
same existing drawbacks of IP multicast affect the performance
of SIP-based requested audioconferences. This work proposes  a

new multicast architecture based on SIP extensions and genetic
algorithms in a multicast manager. Such architecture supports
overlay multicast. The group management functions are
executed inside the multicast manager. Two testbeds were
mounted to measure the joining and leaving time for both IP
multicast and SIP multicast with several levels of extra load
traffic  from  a  potential  group  member  to  the  source  of
multimedia traffic without a genetic algorithm as a first

approach. The results show that the difference between the
minimum and maximum standard deviation value for both
joining and leaving time on the architecture proposed with SIP
multicast is lower than with IP multicast for the studied
scenarios. Finally, we propose a genetic algorithm and describe
a case study.

Keywords: multimedia, multicast, open,  source, overlay.

1. INTRODUCTIÓN

Nowadays, voice, video and data traffic are getting integrated in
the same networking platform. The design of such architecture
has to take into account the applications to be deployed
considering the highest layers of the TCP / IP model. One of the
most demanded applications is the audioconference between
groups, and its improvement is being done over the applicative
layer [1]. An adequate level of quality of service is required for
these applications, like a low response time for joining and
leaving a group member, and this can be achieved through the

use of multicast. There are three types of multicast: IP multicast
[2], Overlay Multicast and Application Layer Multicast. IP
multicast  is  used  in  IPTV  with  the  use  of  protocols  IGMP  and
any routing one like PIM-SM. The second approach uses the end
systems and intermediate proxies to form the trees. In the third
approach the end systems are completely responsible for the
creation and destruction of trees.

One architecture for audioconferences with several clients can
be implemented with open source projects like SER, OPENSIPS
or ASTERISK; or propietary software like 3CX, by using the
SIP protocol based on unicast together with some Overlay
Multicast complementary implementations. The proposed
architecture is based on SIP extensions that include Overlay

Multicast. That permits to decrease the joining time and leaving
time in some scenarios where an additional traffic is injected
towards the source of media. At great scale, it is possible that the
response time depends not only on the SIP timers and delays of
the network but also on the proces to find the best multicast trees
inside a module named Conference Manager. That is the reason
why we propose at the end the inclusion of a genetic algorithm.
In  chapter  2  we  explain  the  SIP  protocol,  its  relationship  with
multicast and some research done about genetic algorithms and

multicast. In chapter 3 we explain the modules of the proposed
architecture. In chapter 4 we describe the experimentation donde
and results. In the chapter 5, we study a case study, construct a
model and propose a genetic algorithm. Finally, in chapter 6 we
explain the conclusions of our study.

2. SIP PROTOCOL AND  MULTICAST

SIP PROTOCOL
The SIP protocol permits establish, maintain and liberate a
multimedia session [3]. It is situated on the applicative layer of
the TCP / IP model and is based on a client-server interaction
between user agents[4]. Two types of messages are defined:
requests and responses. It is point-to point oriented basically and
additional specifications have been created regarding instant
messaging, reliability of provisional responses, updates of

description sessions and preconditions for quality of service.
Although there exists a specification for the management of
multiconferences, the original definition presents strong
limitations regarding the use of IP multicast.

MULTICAST WITH  SIP
IP multicast can be used with SIP as a discovery-like service for
a simple host, where it sends a simple requests to a group of
homogeneous servers, and processes the response of only one

of them. This functionality is mainly used for registrations with
multiple servers (Fig.1).

Based on processing rules of transactions, the client accepts the
first answer, and will see the others as retransmissions as they
have the same identifier Via. Another limitation is that the client
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that sends the request needs to be included inside the multicast
group it sends the request to.

Fig. 1  Registration with multiple servers

Some work has been done since 1998 to allow multicast and

unicast conference sessions with SIP [7]. In that year, an article
published by both Dr. Schulzrinne and Dr. Rosenberg show how
IP multicast conferences could be established.

They suggest that a new IP multicast participant needs to get an
IP  address  class  D  of  such  group  as  a  first  step.  Then,  it  must
send an INVITE message to every group member of the
conference with a SDP description which indicates that, it
wishes to receive media on the multicast group. Other endpoints
which are multicast capable reply with a 200-class response,
others that are not, reply with a 600-class response. This would
allow the new IP multicast participant to know from which users
it can expect to receive data through multicast, and which
through unicast.

This approach presents the drawbacks of IP multicast in a LAN

or WAN. It forces the network administrator to install mrouters,
and switches that support dynamic group management protocols
like IGMP snooping or CGMP.

In the cases of centralized audioconferences, a simple agent
refered as “Focus” maintains a dialog with each participant and
coordinates signaling processes. The “Focus” is in charge of

manage the SIP signaling (control plane), and the “Mixer”
coordinates the transmission of information (data plane). This

procedure is defined by IETF[8] (Fig.2).

Fig. 2  Use of focus in centralized audioconference

GENETIC ALGORITHMS AND MULTICAST
As a consequence of the use of multimedia applications in high

velocity  networks, multicast routing techniques have become

very important [2]. Some work has been done in several areas
like finding criteria for multicast routing with quality of service,
or its use in NGN with IP multicast, or application layer

multicast.
Due to the complexity in the process of formation of trees,
which are calculated with high computational demand, thus
sacrifying the performance of the routing process we propose the
use of a genetic algorithm [5]. They use as fitness parameters the
end-to-end delay, bandwidth, packet loss rate, jitter or
combinations of them. The architecture was firstly evaluated in
some scenarios without the use of genetic algorithms, where an
extra traffic was injected from a receiver to the source.

3. SIP MULTICAST ARCHITECTURE

We propose a new architecture for fixed networks based on the
SIP protocol [6],  with  Overlay  Multicast  and  groups
management (Fig.3.)  that  can  be  extended  to  wireless
communications on the future. Initially, the use of genetic
algorithms was not considered. Such architecture consists of: (1)
SIP Multicast extender, (2) A special module named MGA

(Multicast Gateway agent) and (3) A multicast manager.

Fig 3. Proposed architecture

SIP MULTICAST EXTENSOR
This component permits to work with SIP extended signaling. It
adds an additional header that indicates the use of Overlay
Multicast. It also converts extended messages with SIP multicast
into SIP conventional ones.

MULTICAST GATEWAY AGENT(MGA)
It interprets the extended SIP multicast messages and responds

to  the  user  agent.  It  fills  out  and  reads  information  from  a
Applicative Multicast Table that contains information about the
user agents associated with their respectives SIP extenders. The
URI  and  an  IP  address  identify  an  user  agent;  the  ID  of  the
audioconference is the new URI that is found on the new field
added and contains the status registered, included or excluded.

MULTICAST MANAGER
Consists of a program that works only on the control plane. A
human operator can choose whether a specific user agent will
solicite its inclusion or exclusion of an audioconference if a
static configuration is done. For that, the multicast manager
activates the SIP extender through a TCP mechanism. In the

92

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



automatic modality, the multicast manager can obtain
information from all the audioconference servers that play one

roll  in  the  session  by  using  a  TCP  socket  with  each  MGA
module. If there are various servers in the WAN, it can calculate
the most optimal topology. Every period, the multicast manager
asks the MGA modules inside the audioconference servers about
the status of their group members (Fig. 4.)  by  using  UPDATE
methods of SIP and responses.

Fig. 4  Interaction between the multicast manager and the
MGAs

The exchange messages between the multicast manager and the
SIP extenders, and between the first, and the MGAs permits to
send the information about the most optimal topology
calculated with a getetic algorithm. We propose the use of
UPDATE method, with a new header.

4. EXPERIMENTATION AND RESULTS

We present two testbeds. One of them contains an IP multicast
architecture with VideoLAN and the other has a subset of the
proposed architecture for its evaluation using SJphone. Both
testbeds were implemented in the laboratory in order to perform
a comparison and to have a preliminary evaluation of our
proposal.  We did two experiments  for  each testbed:  in  the  first
one we configured IP multicast and measured joining and
leaving duration in a scenario, in the second one we
implemented a subset of our architecture and we also measured
joining and leaving duration in one scenario.
The first testbed (Fig. 5.) contains 3 routers model CISCO 3640,
2 LAN switches model ENTERASYS 3820 and 2 PCs. The
routers were configured for unicast routing (RIPv2), multicast
routing (PIM-SM) and IGMPv2. R2 was chosen as the Rendez-
vous-point (RP). An IGMP message is sent by the VideoLAN
client (joining or leaving message).

IGMP

message

Media traffic

Extra traffic

Fig. 5  Testbed 1 for IP multicast scenarios

The PC1 contains the open source application VideoLAN (client
side) and traffic generator named TRAFGEN created at Telecom

Sud-Paris. The PC2 contains the application VideoLAN (server
side) and TRAFGEN.
An  extra  traffic  from  TRAFGEN  in  PC1  towards  PC2  was
injected. We established a continuous flow of IP packets with
payload 1024 bytes. The load was increased progressively by
decreasing the interarrival periods T as follows:
No extra traffic, T=28 ms , T=21 ms , T=14 ms , T=7 ms
The  second  testbed  (Fig.  6.)  contains  3  routers  model  CISCO

3640, 3 LAN switches model ENTERASYS 3820 and 3 PCs.
The routers were configured for unicast routing (RIPv2) only. A
SIP multicast user agent (SIP extender module is embedded)
manifests its interest to participate or leave a conference. A
conference server with its respective MGA module forms a
logical topology that can be optimized by any algorithm. On this
testbed a genetic algorithm was not configured initially, but a
static topology was defined. As a first try, the MGA and the
multicast manager were located on the same PC (PC3).

IGMP

message

Media traffic

Fig. 6  Testbed 2 for SIP multicast scenarios

The extra traffic was similarly injected from TRAFGEN in PC1

towards TRAFGEN in PC2.

TESTBED 1 -  EXPERIMENT 1: JOINING DURATION
WITH IP MULTICAST
In this scenario, VideoLAN (server side) begins to transmit a
multicast flow (file MPEG1) to the private group 239.255.12.42
and port 1234 continously. Such flow is originated from PC2
(the source does not belong to the group
239.255.12.42).VideoLAN (client side) receives the multicast
flow by listening to the port 1234 for the traffic sent to
239.255.12.42.
The joining duration has been measured by substracting two
instances: the first one (T1) is when the first IGMP message
(join) is sent by PC1 to the group 239.255.12.42, and the second

(T2)  is  when  the  first  media  packet  (UDP/RTP)  is  received  by
the IP multicast host (PC1).

12 TTTIN                          Eq. (1)

We have run 10 times this experiment for each value of T, and

the results show that the values of joining duration are generally
lower than 100 ms. There are two exceptions, in the case of
T=14 ms where it is higher than 400 ms. The table1 shows the
average and standard deviation.

93

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



Table 1 – Average and Standard Deviation for TIN

T (ms) Average (ms)
Standard

Deviation (ms)

7 47 11

14 139 189

21 45 12

28 56 14

No extra 51 11

We can notice that for T=14 ms the average and standard

deviation are the highest. However, we can not conclude that it
is due to the extra traffic injected.

TESTBED 1 – EXPERIMENT 2: LEAVING DURATION
WITH IP MULTICAST
In this scenario VideoLAN (server side) transmits a multicast

flow (file MPEG1 ) to the private group 239.255.12.42 and port
1234 continously. VideoLAN (client side) receives the multicast
flow by listening to the port 1234 for the traffic sent to
239.255.12.42. Then, it stops receiving such multicast flow by
sending an IGMP leave group message.
The  leaving  duration  has  been  measured  by  substracting  two
instants:  the  first  one  (T1) is when the first IGMP message
(leave) is sent by PC1 to the group 239.255.12.42, and the
second (T2)  is  when  the  last  media  packet  (UDP/RTP)  is
received by the IP multicast host (PC1).

12 TTTOUT                           Eq. (2)

We have run 10 times this experiment for each value of T, and
the results show that the values of leaving duration are a bit
higher or lower than 2000 ms. In only one case (T=28 ms of
extra traffic) the leaving duration is much higher than 200 ms

(2499 ms). It is due to the configuration of the routers with Last
Query Interval Count = 2 , Last Query Interval =1 s and the
uncertainty produced by the extra traffic.

Table 2 – Average and Standard Deviation for TOUT

T (ms) Average (ms) Standard
Deviation (ms)

7 1999 4

14 2000 2

21 1998 5

28 1949 369

No extra 2000 1

We  can  notice  that  the  standard  deviation  for  T=28  ms  is  the
highest. We can not conclude that it is due to the effect produced

by the extra traffic injected.

TESTBED 2 – EXPERIMENT 3:  JOINING  DURATION
WITH SIP MULTICAST
In this scenario, the joining duration has been measured in a
similar manner as in Testbed 1. It was calculated by substracting
two instants: the first one (T1)  is  when  the  first   SIP  INVITE

extended  message  is  sent  by  the  PC1  to  the  MGA  module  in
PC3,  and  the  second  (T2) is when the first voice packet

(UDP/RTP) is received by SJPhone in PC1.

12 TTTIN
                         Eq. (3)

MGA takes the information provided by the multicast manager,
just to choose which is the best topology for the group of

MGAs.  In  this  case,  the  transmission  of  the  topology
information between the multicast manager and it depends only
on the internal processing at PC3.
We  ran  10  times  this  experiment  for  each  value  of  T,  and  the
results show that the values of joining duration in this
experiment are usually situated between 200 and 500 ms. They
vary with a higher range than the values of the results on the
experiment  1.   There  are  two  peaks  for  T=21  ms  and  without

extra traffic; we can not conclude that this is due to the presence
of extra traffic.

Table 3 – Average and Standard Deviation for TIN

T (ms) Average (ms)
Standard Deviation

(ms)

7 416 128

14 311 79

21 400 102

28 386 159

No extra 422 66

In Table 3 we can observe that the highest standard deviation
occurs with T=28 ms.  We can not conclude that this is a
consequence of the injection of extra traffic.

TESTBED 2 -  EXPERIMENT 4: LEAVING DURATION
WITH SIP MULTICAST
In this scenario, the leaving duration has been measured in a
similar manner as in Testbed 2. It was calculated by substracting
two instants: the first one (T1)  is  when  the  first   SIP  BYE
extended  message  is  sent  by  the  PC1  to  the  MGA  module  in
PC3,  and  the  second  (T2) is when the last voice packet
(UDP/RTP) is received by SJPhone in PC1.

12 TTTOUT                           Eq. (4)

We have run 5 times this experiment for each value of T, and the
results show that in some cases the leaving duration values are
negatives (Table 4). It is explained by the fact that the last voice
packet arrived earlier than when the first IGMP leave message
was sent. The CODEC used was GSM 6.10 (lossy speech
compression).
The results show that two peaks occur with T=7 ms and T= 21

ms  of extra load injected. The values were 248 ms and 379 ms
respectively.
We can not conclude that the peaks are due to the injection of
extra traffic. However, we can conclude that the compression
algorithm is correlated with the leaving duration in this case.
The highest standard deviation values occur with T=7 ms and
T= 21 ms.
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Table 4 – Average and Standard Deviation for TOUT

T (ms) Average (ms)
Standard Deviation

(ms)

7 45 113

14 -6 6

21 65 176

28 -18 7

No extra -19 7

VALIDATION

Although we can not conclude that the highest values of
standard deviation are due to the presence of extra traffic, we
can analyze in table 5 the difference between the maximum and
minimum value of standard deviation for TIN considering all the
measurements.

Table 5 – Standard Deviation for TIN

IP Multicast SIP Multicast

MAX: 189 MAX: 159

MIN: 11 MIN:   66

=178 =93

We can see that the difference is lowest for our proposal than for
IP multicast in our scenarios studied.
We can also analyze in table 6 the difference between the
maximum  and  minimum  value  of  standard  deviation  for  TOUT

considering all the measurements.

Table 6 – Standard Deviation for TOUT

IP Multicast SIP Multicast

MAX: 388 MIN: 176

MIN: 1 MAX: 6

=387 =170

These tables show that our proposal is more stable for the
scenarios studied. However, we propose to include a genetic
algorithm inside the  multicast  manager,  so  that  the  existence of
several clients, and the calculus of the best trees affect the least
the response time.

5. INCLUSION OF A GENETIC ALGORITHM  IN THE
ARCHITECTURE

We propose to use a genetic algorithm as a metaheuristic
method as this is the most common one applied to multicast
architectures [9]. At first we need to represent a general scenario
with one SIP client extended trying to connect to the best MGA,
as it received the result of calculus inside the multicast manager.

MODELING OF ARCHITECTURE WITH GRAPH
THEORY

One simple case study of a SIP extender, a MGA and a multicast
manager can be represented with a graph. Each vertice sends and
receives information from any of the others. The multicast
manager sends UPDATE messages to the other two modules
with the best association, and receives confirmation (Fig. 7.).

Fig. 7  Graph for the basic architecture

This graph can be defined in the following manner:

),,( EVG                       Eq. (5)

Where:

G = graph.

V = a set of components of the architecture (vertices)

E = an association between any pair of components and

is bidirectional

 = the function that assigns to each association of

elements of the architecture, the components that interact.

We can consider a case study where two SIP extended clients
interact with any of two MGAs according to the information
distributed from the multicast manager to both (Fig. 8)

Fig. 8  Testbed 1 for IP multicast scenarios

The representation of this possible topology can be expressed
with a matrix as follows in (Fig. 9.).

00000

00111

01011

01100

01100

Fig. 9  Representation with a graph in matrix form

Multicast Manager MM (c)

SIP extender (a) MGA (b)
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If we take only the digits that are situated over the diagonal
filled with zeros, the graph can be represented as follows in (Fig.
10)
:

0110|110|10|0

Fig. 10  Bits representing a graph

We have represented one possible solution (topology) for the
architecture. If we have many SIP extenders, and several MGAs,
there can be a lot of solutions. We can define a chromosome in
this way. We can also add zeros so that ASCII digits are used to
represent the solution. In this example, with characters B2 and

B1 (Fig. 11).

Fig. 11  Representation of graph with ASCII codes

GENETIC ALGORITHM
Now that we have represented a chromosome, which
corresponds to a possible solution, we need to define the fitness
of our genetic algorithm. Considering the simplest criteria to
measure the behavior of best chromosome, we can define the
fitness as follows in Eq. (6).

Pr

1
f Eq. (6)

Where:

Pr = Average of the delays  between the SIP extender clients

and their respectives MGA assigned.

We also propose the use of mutation and crossover throughout
the generations.

6. CONCLUSIONS.

1) The SIP protocol does not have native characteristics for

multicast. However, it can be layed on a network infrastructure

based on IP multicast with limitations, and it is possible to add

support for Overlay Multicast with extensions.

2) The proposed architecture permits the use of basic methods of

SIP protocol to support multicast signaling, so permitting the

improvement of response time in some scenarios.

3) The standard deviation of the response time is directly

proportional to the probability of retransmissions in the studied

scenarios. The difference between the minimal and maximal

standard deviation is lower in our proposal.

4) The multicast manager, as part of the architecture proposed,

permits to optimize the topology formed by SIP extenders and

MGAs in a static configuration. A genetic algorithm might be

implemented inside the multicast manager just to reduce the

effect of the calculus of the best topology in comparison with the

effect of protocol SIP timers.

5)  Future  work aims to  study the effect  of  middle-boxes  (NAT

and firewalls), our architecture and to simulate scenarios at great

scale.

7. LIST OF ACRONYMS

CGMP    CISCO Group Management Protocol

DM          Dense Mode

IGMP     Internet Group Management Protocol

MGA     Multicast Gateway Agent

NGN      Next Generation Network

PIM       Protocol Independent Multicast

SDP Session Description Protocol

SER        SIP Express Router

SIP Session Initiation Protocol

SM         Sparse Mode

URI        Uniform Resource Identifier
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Abstract: The IP Multimedia Subsystem (IMS) 

is regarded as the global Service Delivery 

Platform (SDP) standard for enabling network 

convergence and multimedia delivery 

applications. The objective of this document is 

to present the network Testing Strategy for 

IMS as the reference solution. The concepts 

presented in this document follow the Alcatel-

Lucent holistic approach for solution 

integration and validation, which is linked to 

and part of the Alcatel-Lucent Advanced 

Integration Methods (AIM). The testing of the 

IMS solution referenced herein includes the 

network control layer and service layer (via a 

generic Application Server solution). This type 

of testing safeguards the essence of the IMS 

architecture which revolves around a universal 

open ended platform for providing services 

across both wireless as well as wireline 

terminals simultaneously. This document only 

deals with the Testing Strategy of an IMS 

Reference solution. As a next step, this 

document ought to be incorporated into the 

Solution Validation Strategy, which includes 

the definition of the Test Design, and Test 

Plan. Finally, Test Execution starts according 

to the defined Test Plan. 

 

Keywords: AIM, IMS, Converged application, 

Migration, VoIP, End-to-End Testing. 

 

1. Introduction: 

Telecommunication is the science of 

communication over a distance. It could be 

communication of voice, image, video, and data 

between people, or services, like entertainment, 

or information to a large number of people over 

wireline or wireless technologies. A sample 

chapter on telecommunications evolution and 

future [1] has described the evolution and 

convergence of telecommunication aptly. The 

following diagram in paper [2] accurately 

represents the convergence evolution taking 

place.  

 
Figure 1: 

 

As shown in figure 1, we are surrounded by a 

multi-level convergent media world where all 

modes of communication and information (e.g., 

voice, video, image, and data) are continually 

reforming to adapt to the enduring demands of 

technologies, changing the way we create, 

consume, learn and interact with each other.  

Quadruple Play is the new buzzword describing 

the triple play service of broadband internet 

access, television and telephone with wireless 

service provisions. This bundled service set is 

also sometimes humorously referred to as The 

Fantastic Four. Bundling has the potential for 

increasing data revenues for the Service 

Providers (SPs), however, they face challenges 

along the way. For bundling of services, 

integration is the first step. The key issue that 

must be solved is how integration will be done, 

given its complexity due to the many points of 

integration, and what the overall cost will be. 
(*) Lead author 
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2. End-to-End Integration/Validation 

    Challenges: 

 

In order to implement an effective network 

transformation, SPs must integrate their 

disparate access networks (e.g., PSTN, 

2G/3G/4G, IP) with IMS as the core back-bone 

control network and with the applications 

servers to obtain a full end-to-end integrated 

solution. The success of such a solution is 

dependent, to a large extent, on the ability of the 

SPs to eliminate the complexity introduced by 

this network transformation [3].  

The three most complex challenges for the SPs 

in integrating and validating the end-to-end 

network transformation are: 

 

1. Multi-Domain Consolidation: 

Critical for success, an IMS-based 

solution should deliver any service over 

any medium. Such end-to-end 

functionality with scalability, security, 

QoS and QoE requires interoperability 

and interworking across all types of 

access networks, CPE and applications. 

The challenges for the SPs are: 

 To support multi-technologies 

used in different access 

networks 

 To support multi-vendor 

equipment components in and 

across network domains  

 Network transformation 

involving multi-domains has a 

huge impact on CapEx, OpEx 

with risk of project delays [4] 

 

2. Migration Process: 

The success of such a huge-scale 

migration process requires predictability 

and methodology, such as: 

 Migrating to an IMS network 

with functionality to support the 

legacy network 

 Minimal impact on existing 

network infrastructure and 

services 

 Proven testing methodology, 

service validation process and 

tools 

 Resource planning, scheduling 

and fallback scenarios 

 Preventing any end-user outage 

time during migration 

 Overall migration cost 

 

3. Network Integration and Validation: 

End-to-end network integration and 

validation is required to verify the 

behavior, on an end-to-end basis, of the 

control IMS network which is inter-

connected to the access networks and 

application servers to deliver seamless 

services to the end-users. This requires: 

 Testing the solution in an end-

to-end network environment in 

the way that the solution will be 

deployed and used in the field, 

hence, modeling the production 

network 

 Validating the interface level 

configuration requirements for 

all the Network Elements  (NEs) 

included in the solution 

 Performing end-to-end traffic 

route testing for measuring QoS, 

performance and reliability of 

the IMS solution 

 Executing end-to-end call flow 

testing for all of the features and 

services to be provided  by the 

solution using same call /traffic 

models as the ones going to be 

implemented in the production 

network 

 Validating each IMS element to 

ensure that multi-vendor 

network components 

interoperate correctly, support 

the IMS network with no 

unnecessary complexity and 

have no technical errors 

 Validating  the end-to-end 

network solution validation 

process itself, so as to make it 

repeatable as the solution 

evolves over time 

 

3. Alcatel-Lucent’s Integration/Validation 

Solution: 

 

Alcatel-Lucent has invested massively to 

develop enhanced capabilities to support 

complex, multi-vendor network transformation 
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programs. Alcatel-Lucent’s end-to-end solution 

validation methods have helped its customers to: 

 Reduce time to market 

 Reduce risk of project delays 

 Reduce customer lab footprint 

requirements 

 Add test and integration capability 

 

Testing is often done as a back-end process, with 

tests focusing mainly on functional aspects, such 

as making a voice call. However, the non-

functional aspects often do not get enough 

attention, such as validating the operability of 

the solution, scalability testing, individual 

behavior of NE, black box behavior of NE, and 

end-to-end load testing in representative field 

conditions. While one is developing the network 

requirements, validating the requirements, and 

identifying for each requirement a verification 

method, doing criticality and risk analysis might 

be more cost-effective than doing a back-end 

test process. Thus, the Alcatel-Lucent 

Integration/Validation testing approach is a  

more holistic approach. 

 

In summary, the principles of the validating 

methodology for the IMS solution should be: 
 A logical, reproducible progression to 

ensure that the end-to-end IMS solution 

meets its design requirements and user 

needs 

 To test the IMS-components in an end-

to-end network environment 

 To fully validate the solution on an end-

to-end basis based on the defined 

requirements 

 

4. Network Testing Strategy for IMS 

 

The testing strategy is an outline that describes 

the testing approach to be implemented during 

solution integration, verification, and validation. 

However, before the solution is verified and 

validated, the solution must be integrated. 

Before integration, the lab needs to be designed. 

During lab design, tools are developed and the 

solution components are installed and 

commissioned in the lab. The iterative 

integration process can start and a set of 

integration tests cases are executed. A complete 

integrated test lab environment should be 

designed with the purpose to verify and validate 

the IMS solution on an end-to-end basis. The NE 

should go through entrance criteria prior to 

integrating them in the lab. The testing strategy 

can be grouped into three phases: 

 

Phase 1 (Integration). It includes:  

 NE platform readiness testing 

 NE interoperability and feature 

functionality testing 

 End-to-end integration  

 

Phase 2 (Verification). It includes: 

 Solution-based call flow testing  

 Solution-based call processing capacity 

and performance testing 

 Security testing 

 

Phase 3 (Validation). It includes: 

 Final solution validation testing based 

on production migration sequencing and 

full regression testing 

 

Reference [5] discusses IMS entities and key 

functionalities classified into six main 

categories: session management and routing 

family (CSCFs), databases (HSS), interworking 

elements (BGCF, MGCF, MGW), services 

(application servers), support entities and 

charging. The following figure [6] shows a high 

level NE view of a generic IMS solution. 

 

 
 

Based on reference [6] and the phases outline in 

the above section, the details of the Testing 
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Strategy for an IMS solution are presented 

below. 

 

6.1 Phase 1 (Integration) 

 

6.1.1 NE Platform Readiness 

      Testing 

 

The following high-level of testing should be 

performed for each NE: 

 NE health checks 

 NE configuration as per standards 

 NE backup and restore 

 Network interface failures 

 NE local redundancy scenarios with 

switchovers and failovers 

 Establish and validate NE connections 

to interfacing network elements 

 Validate basic subscriber registration 

and call scenarios 

 

6.1.2 Sample of NE 

      Interoperability and Feature 

      Functionality Testing in an IMS 

      Solution 

 

This section lists areas of testing for network 

element’s feature functionality and 

interactions with other interfacing NE.  

 

6.1.2.1 Element Management System (EMS) 

 NE fault management/ performance 

management/ configuration 

management support for the IMS 

network elements 

 Configure new NE on the EMS 

 NE status and connection functionality 

(sunny day and rainy day) 

 NE configuration management 

functionality via EMS 

 NE alarm generated are displayed on the 

EMS 

 NE performance measurements 

collection on EMS 

 

6.1.2.2 CSCF Function Testing 

 CSCF – BGCF interaction testing 

 CSCF – Application Server (AS) 

interaction testing 

 CSCF – Diameter testing 

 CSCF – Charging function testing 

 Subscriber registration, re-registration 

and de-registration 

 Multiple service profiles for different 

services 

 Geographic redundancy support of 

CSCF failure scenarios 

 

6.1.2.3 BGCF Testing 

 Signaling gateway function, SS7 

interaction testing 

 BGCF – S-CSCF SIP interaction testing 

 BGCF – media gateway interaction 

testing 

 BGCF call routing 

 BGCF geographic redundancy scenarios 

 

6.1.2.4 Media Gateway Testing 

 Media Gateway – Media Control 

interaction testing 

 H248 message validation support of call 

flows 

 Validation of media port and bandwidth 

functionality 

 

6.1.2.5 Media Resource Function Testing 

 MRF announcement functionality 

interactions 

 MRF conference functionality 

interactions 

 MRF CALEA functionality 

 SIP message validation support of Call 

Flows 

 Validate MRF services functionality 

o Announcements playback, variable 

announcements, customized 

announcements 

o Conference circuits 

o DTMF collection 

o Legal Intercept – CALEA 

o Codec support G711 and AMR 

 Geographic redundancy support of MRF 

system failure scenarios 

 

6.1.2.6 Application Server (AS) testing 

 AS – CSCF interaction testing 

 AS – CSCF Diameter interaction testing 

 AS – Charging interaction testing 

 AS – MRF interaction testing 

 SIP message validation support of call 

flows 

 Subscriber services testing 
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o Call forward, call wait, call transfer, 

Simultaneous ring, 3-way call, etc 

o Voice mail deposit, retrieval 

o Call trace, connected line ID, etc 

 Geographic redundancy support of 

Application Server system failure 

scenarios 

 

6.1.2.7 Session Border Controller (SBC) 

Testing 

 SBC – CSCF interaction testing 

 SIP message validation support of 

subscriber registrations and call flows 

 Geographic redundancy support of SBC 

failure scenarios 

 SIP message validation support of cal 

flows 

 SIP message validation support of 

subscriber registrations 

 

6.1.3 End-to-End Integration Testing 

 Confirm SIP message flow and content, 

NE by NE. 

 Basic calls (UE <-> UE, UE <-> PSTN) 

 Call redirection (e.g. call forwarding, 

announcements, click-to-dial, 

simultaneous ring, voice mail etc) 

 

6.2 Phase 2 (Verification) 

 

6.2.1 Solution based call flow testing 

 Multiple call e.g. three way conference 

calls 

 Inter-service domains 

 Emergence service calls 

 Inter-region call scenarios 

 

6.2.1 Solution based call processing capacity 

and performance testing 

In addition to the summary of test areas and 

reference requirements, the following scenarios 

should be evaluated for capacity and 

performance testing: 

 Sustained call loads running at sunny-

day geo-redundant site engineered 

capacity level 

 Sustained call loads running at failed 

geo-redundant engineered capacity level 

 Validation of surviving site handling of 

messaging storm of geo-redundant site 

failure 

 Validation of recovering site handling of 

messaging storm of geo-redundant site 

failback 

 

6.2.2 Security Testing 

Validate security guidelines as defined for the 

specific network design such as:  

 Verify security hardening procedures 

per NE 

 Password complexity and expiration 

parameters 

 Verify ports and protocols 

 Verify with non-default login/passwords  

 

6.3 Phase 3 (Validation) 

 

Final Solution-Based Validation/Regression 

Testing 

Perform final solution validation regression 

testing of the end-to-end IMS-based solution, 

including: 

 Verify a subscriber functionality test 

suite for IMS services 

 Verify billing functionality 

 Verify EMS operations and alarming 

 Verify non-failure and failure 

conditions/call flows 

 Verify fault/redundant paths and 

alarming (failover condition and 

failback) 

 

6.4 Summary of benefits by implementing 

this testing strategy for an IMS reference 

solution 

Alcatel-Lucent’s end-to-end testing strategy 

engaging IMS as the network-based solution 

will generate the following benefits to SPs: 

 Prevented Cost of non-quality: A 

rigorous testing methodology will result 

in fewer defects once the solution has 

been implemented in the production 

environment. On the contrary, an ill 

tested solution will not work well in the 

field. Hence, a large number of fixes 

will be required, which are costly and 

lengthy to reproduce and resolve. 

Further, end-user satisfaction will be 

seriously impacted, which in turn, will 

impact competitiveness of the SP in the 

market place.  

 Reduced Time to market the solution: 

The solution will be implemented and 
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roll out into the field much faster. As a 

result, the SPs will accrue more revenue 

and faster. Market share, and 

competitiveness will be significantly 

improved..  

 Improved Solution’s Business case: A 

well tested solution will generate fewer 

defects during the solution’s roll out and 

operation. As a result, cost savings in 

maintenance act ivies, and repairs will 

be accrued, which in turn, will benefit 

the overall business case for the delivery 

of the solution.  

 

Conclusion: 

This paper focuses on the testing strategy aspect 

of the reference IMS solution, which is linked to 

and part of the Alcatel-Lucent Advanced 

Integration Methods (AIM), a holistic approach 

for solution delivery. The study reported in this 

paper focused on the testing strategy of a generic 

IMS test bed environment with the goal to 

integrate, verify, and validate all major IMS core 

components, including x-CSCF, HSS, MG, 

MRF, application servers, and EMS, into one 

single environment. This document should be 

incorporated into the Solution Validation 

Strategy (SVM), as defined by  AIM.  Lessons 

learnt from our solution validation experiences 

can be used and extended to R&D activities by 

academic and industrial partners. Also, to the 

community involved in converged application 

development, testing and deployment. Our 

experience shows significant benefits in defining 

and implementing a detailed testing strategy as 

the one described in this paper. Specifically, 

there are cost benefits, in terms of time and 

resources, as well as, in time to market the IMS-

based solution. Those benefits will have a 

noticeable impact on the SPs bottom line. 
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Abstract 
 

As the typical characteristics of traffic in data networks 

are bursty which is difficult to handle, traffic shaping 

schemes are used for regulating the average rate and 

burstiness of a flow of data that enters into the network. 

While smoothing the traffic of time sensitive applications 

at the user premises can reduce the losses due to buffer 

overflows within the network, it may have an adverse ef-

fect on the losses due to the deadline violations due to the 

delay introduced by the smoothing process. In this paper, 

these loss factors are investigated and some simple me-

trics that capture the potential for buffer overflow and 

deadline violation losses under a traffic shaping scheme 

are introduced. Such metrics can be useful for the design 

of effective traffic shaping schemes that balance the ad-

verse effects of buffer overflow and deadline violation 

losses.  

  

1 Introduction 
 

The real-time Variable Bit Rate (rt-VBR) applica-

tions [1, 2, and 3] such as voice and video require an end-

to-end timing relationship among the communicating ap-

plications. Usable bandwidth is allocated to a rt-VBR 

connection according to the associated source traffic de-

scriptors negotiated at the connection set up. Based on 

these descriptors, resources are allocated to guarantee the 

QoS demands during the connection’s duration. 

Factors such as the propagation delay, network utili-

zation, VBR subframe lengths have significant impact on 

the delivered QoS service and have been considered in the 

past [4, 5]. In addition to these factors, the way in which 

traffic is shaped before delivered to the network impacts 

on the overall performance. 

Traffic smoothing reduces the burstiness of the traffic 

delivered to the network by, in essence, spreading the 

transmission time of the cells over a transmission interval. 

By this way, the induced cell losses due to buffer over-

flows are reduced as a result of the increased statistical 

multiplexing gain. 

Although this approach can be useful for non-real-

time VBR (nrt-VBR) applications which do not have 

stringent delay requirements, delay sensitive rt-VBR ap-

plications may suffer from the smoothing process as a 

result of the reduction of the delay tolerance of the trans-

mitted cells after the smoothing process. As a result, 

smoothing would reduce the deadline margin of the cells 

and lead to an increased cell losses within the network 

due to deadline violations. This latter effect has been neg-

lected in the past. 

In this paper, the rt-VBR traffic model is described 

along with some traditional traffic shapers. Some metrics 

capturing the potential for buffer overflow and deadline 

violation losses are introduced. It is also presented how 

these metrics can help design traffic shapers that balance 

effectively the impact of cell losses due to buffer over-

flows and deadline violations. An example of such traffic 

shaper - the linear envelope traffic shaper - is introduced 

and some numerical results illustrating the effectiveness 

of the proposed traffic shaper design approach are pre-

sented. 

 

2 Traffic Shapers for rt-VBR Sources 

 
A VBR source, depending on the coding scheme used 

[6, 7, 8], generates traffic in a continuous manner at vary-

ing rates. Typically, a rt-VBR application generates cells 

in cycles of variable lengths and the amount of cells gen-

erated per cycle varies primarily due to the employed cod-

ing scheme. Through the rest of the paper, these cycles 

will be referred to as subframes. 

Let Sk denote the k
th

 subframe of length Sk slots and 

Ak denote the average cell rate over the given subframe 

Sk. Assume that for this subframe, the VBR source gene-

rates Nk cells as shown in Figure 1. Thus, the average cell 

rate over a subframe of a VBR source is, Ak = Nk/Sk. 

 

 

Figure 1: An example of a rt-VBR traffic generation 

process 
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Let tk denote the time instant where the k
th

 VBR sub-

frame begins and Dk denote the deadline of the cells gen-

erated at time tk. Thus, the cells generated at the k
th

 sub-

frame should be serviced at their destination by tk + Dk. 

Otherwise, the deadline of the cells will be violated and 

they will be dropped. 

The level of smoothing that will be applied for the 

transmission of the cells generated at the subframe boun-

daries will have impact on both overall network effective-

ness and the resulting QoS delivered to the particular rt-

VBR application. 

Let f(t) describe the shaping function employed at the 

rt-VBR sources. Thus, f(t) determines how the Nk cells are 

spread over the subframe of length Sk depending on the 

deadlines Dk.  

One way to implement the traffic shaping function f(t) 

is by using a leaky bucket (LB) [9,10, 11, and 12] 

scheme. In this scheme, the traffic shaping function f(t) 

produces tokens and these tokens are placed in a token 

pool. The rt-VBR source cells generated at subframe 

boundaries can then be transmitted only if there is a token 

in the token pool. If the token pool is empty, the rt-VBR 

source cell has to wait for the generation of another token. 

Otherwise, it is immediately transmitted and the number 

of tokens in the token pool is decreased by one.  

In the next two subsections, two traffic shapers are de-

scribed by introducing the appropriate traffic shaping 

function f(t). The impact on cell losses due to buffer over-

flows and deadline violations are discussed. 

 

2.1 The One Envelope Traffic Shaping Function 

 
Under the One Envelope traffic shaper, the VBR 

source cells are transmitted in such a way to maximize 

their delay tolerances. Thus, if Nk cells are generated at 

the k
th 

subframe Sk, these cells will be transmitted during 

the first Nk slots of the subframe. 

The traffic shaping function f(t) for the one envelope 

traffic shaper can be formulated as shown below:  

 

 

 

 

According to this function - and referring to the LB 

mechanism - one token is produced for each time slot 

starting with a subframe boundary until the entire cells 

generated at that subframe are transmitted. 

Under the one envelope traffic shaping, the rt-VBR 

applications are expected to have minimal losses due to 
deadline violations, as the VBR source cells are transmit-

ted as quickly as possible after they are generated. Since 

the VBR sources will be transmitting with their peak rates 

for the first Nk slots of each subframe Sk, the resulting 

traffic would be very bursty and buffers will tend to fill 

very quickly when statistical multiplexing is employed. 

Thus, the cell losses due to buffer overflows are expected 

to be high under this scheme. The rt-VBR applications are 

expected to perform well in terms of losses due to the 

deadline violations under the one envelope as the VBR 

source cells are transmitted as quickly as possible once 

they are generated. However, the cell losses due to the 

buffer overflows may be high when VBR sources are sta-

tistically multiplexed. 

 

2.2 The Constant Envelope Traffic Shaping Function 
 

The constant envelope traffic shaper is the traditional 

traffic shaper used for nrt-VBR applications. The purpose 

of the constant envelope traffic shaper is to distribute the 

generated VBR cells uniformly over some time period of 

Dk; Dk does not represent a deadline in the case of nrt-

VBR applications but a smoothing horizon. Thus, if Nk 

cells are generated at the k
th

 subframe Sk, one cell will be 

transmitted for every Dk/Nk slots. 

The traffic shaper function f(t) for the constant 

envelope shaper can be formulated as shown below. 

 

 

 

 

 

 

On the contrary to the one envelope traffic shaper, 

the constant envelope traffic shaper is expected to per-

form well in terms of the buffer overflows within the net-

work due to the extensive smoothing applied. However, if 

this mechanism is employed for the traffic shaping of rt-

VBR applications with deadline Dk, the induced losses 

due to the deadline violations are expected to be high 

compared to the losses occurring under the one envelope 

traffic shaper. This is due to the fact that cells can be 

transmitted very close to their deadlines under the con-

stant envelope scheme. 

 

3 Metrics for Measuring the Efficiency of 
VBR Traffic Shapers 

  
This section proposes two metrics which can capture 

the potential of traffic shapers for inducing cell losses due 

to the buffer overflows and deadline violations. These 

metrics measure the average remaining deadline and the 

level of smoothness of the traffic shaped by a traffic shap-

ing function. Using these two metrics, it is possible to 

compare various traffic shaping functions and gain some 

insight into the relative values of cell losses expected to 

be induced under those traffic shaping functions.  
 

3.1 The Remaining Deadline ( D ) Metric 
 

The remaining deadline metric, D  measures the aver-

age delay tolerance of a traffic shaper for a given traffic 
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shaping function f(t). The average transmission delay of 

the cells, T for a given value of deadline Dk, subframe 

length Sk and number of cells to be transmitted Nk can be 

expressed by the following equation, 

∫=

kS

k

dtttf
N

T
0

)(
1

. 

Thus, the remaining deadline metric D is equal to, 
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Let 1D and cD denote the remaining deadline me-

trics for the one envelope and constant envelope traffic 

shaping functions, where 
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Thus, the following relationship holds for the remain-

ing deadline metrics of the traffic shapers considered. 

 1D > cD  

From the above result, it can be concluded that the po-

tential for cell losses due to deadline violations for the 

constant envelope traffic shaping function is larger than 

that of the one envelope traffic shaping function. Using 

the above argument, it may be possible to compare any 

two traffic shaping functions in terms of the cell losses 

due to deadline violations. 

 

3.2 The Smoothness ( M ) Metric  

 

Since the constant envelope traffic shaping provides 

for the smoothest possible traffic profile, smoothness me-

tric could be defined to represent some type of distance 

between a traffic shaping function from the constant 

envelope traffic shaping function. For this reason, the 

smoothness metric M is defined to be the L2 distance of 

a traffic shaping function to the constant envelope traffic 

shaping function. Thus, the M metric can provide some 

information about the variability of a traffic shaping func-

tion. Since the statistical multiplexing gain and the cell 

losses due to buffer overflows depend on the level of 

smoothness of the traffic delivered to the network, M
metric can be a relative measure of the expected cell 

losses due to buffer overflows. 

The smoothness metric M  of a traffic shaping func-

tion f(t) for a given value of deadline Dk and number of 

cells to be transmitted Nk is defined by the following equ-

ation. 

 

 
 

 

 

Let 1M  and cM  denote the remaining deadline me-

trics for the one envelope and constant envelope traffic 

shaping functions, where 

k

k

D

N
M −= 11  

0=cM  

The following relationship holds for the smoothness 

metrics of the traffic shapers considered. 

 1M  > cM  

From the above result, it can be concluded that the po-

tential for cell losses due to buffer overflows for the one 

envelope traffic shaping function is larger than that of the 

constant envelope traffic shaping function. Using the 

above argument, it may be possible to compare any two 

traffic shaping functions in terms of the cell losses due to 

the buffer overflows. 

 

4  Linear Envelope Traffic Shaping 
 

The linear envelope traffic shaper - proposed in this 

section - can be considered as an example traffic shaper 

which tries to balance the impact of cell losses due to buf-

fer overflows and deadline violations. The linear envelope 

traffic shaping function allows more smoothing regarding 

the transmission of the cells than the one envelope traffic 

shaping function. It also allows for more cell delay toler-

ance than the constant envelope traffic shaping function. 

As a result, the amount of cell losses under the linear 

envelope traffic shaping function due to buffer overflows 

is expected to be lower than that under the one envelope 

traffic shaping function. On the other hand, the amounts 

of cell losses due to deadline violations are expected to be 

lower than that under the constant envelope traffic shap-

ing function. 

The traffic shaping function f(t) for the linear envelope 

shaper can be formulated as shown below. 

 
 

 

 

 

 

Using the traffic shaping function fl(t)  of the linear 

envelope traffic shaper, the remaining deadline ( lD ) and 

the smoothness ( lM ) metrics can be shown to be equal 

to, 
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A comparison of the linear envelope traffic shaping 

function with one and constant envelope traffic shaping 

functions can be performed by using the corresponding 

remaining deadline and smoothness metrics. The follow-

ing relationships holds for the two metrics considered: 

1D > lD > cD  

1M  > lM > cM  

Based upon these observations the linear envelope 

traffic shaper is expected to be more efficient than the 

constant envelope traffic shaper in terms of the cell losses 

occurring due to deadline violations. Similarly, it is ex-

pected to be more efficient than the one envelope traffic 

shaper in terms of the cell losses occurring due to buffer 

overflows. Thus, for the overall efficiency (deadline + 

buffer overflow), the linear envelope traffic shaper can be 

a suitable candidate for applications which are delay sen-

sitive and require low cell losses. 

 

5  Numerical Results 
 

In this section, some numerical results are presented 

in order to illustrate the impacts of various VBR source 

traffic shapers on cell losses due to buffer overflows and 

deadline violations. 

 

 
 

Figure 2: BO and DV CLPs as a function of buffffffffer size 

for VBR subframe lengths = 100,110... 190 and dead-

line = 0.7*subframe length 

For the simulations, a transmission link shared by 10 

VBR sources is implemented. For each VBR source, a 

fixed subframe length Sk is used. The average transmis-

sion rates of each VBR source for a subframe of length Sk 

is 0.09, 0.06 or 0 cells/slot. 

 

 
 

Figure 3: Total CLPs as a function of buffffffffer size for 

VBR subframe lengths = 100,110... 190 and deadline = 

0.7*subframe length 

Figure 2 presents the cell loss probabilities due to buf-

fer overflows (BO) and deadline violations (DV) as a 

function of the buffer size. The VBR subframe lengths for 

each source are constant with the following values.  

Sk=100 slots for source 1, Sk=110 slots for source 2... 

Sk=190 slots for source 10. For each source, the cell dead-

lines are assumed to be equal to 70% of its corresponding 

subframe length, that is Dk = 0.7Sk. 

As expected, under all traffic shapers, the cell losses 

due to buffer overflows decrease as the buffer size in-

creases. However, this is not true for the cell losses due to 

deadline violations. As the buffer size increases, the VBR 

cells tend to spend more time in the buffer which in turn 

increases the losses due to deadline violations. The one 

envelope traffic shaper results in the lowest number of 

cell losses due to deadline violations, while the constant 

envelope results in the highest number of cell losses. The 

reverse is true for the cells losses occurring due to buffer 

overflows. In terms of the efficiency, the linear envelope 

traffic shaper is in the middle both for losses due to buffer 

overflow and deadline violations. 

Figure 3 presents the total cell loss probabilities (cell 

loss probabilities due to buffer overflows and deadline 

violations) as a function of buffer size. Although, the one 

and constant envelope traffic shapers are more efficient in 

terms of cell losses due to deadline violations and buffer 

overflow respectively, the linear envelope traffic shaper 

seems to be the optimal case for buffer sizes between 20 
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and 60 cells. Since for very large buffer sizes, the losses 

due to buffer overflows become insignificant compared to 

the losses due to deadline violations, the one envelope 

scheme becomes the optimal scheme. Similarly, for small 

buffer sizes, the cell losses due to buffer overflows domi-

nate the cell losses due to the deadline violations and the 

constant envelope scheme becomes optimal scheme. 

 

 

Figure 4: BO and DV CLPs as a function of deadline 

duration for VBR subframe lengths = 50, 60... 140 and 

buffffffffer size = 30 

Figure 4 illustrates the cell loss probabilities as a func-

tion of deadline duration for VBR subframe lengths of 

Sk=50 slots for source 1, Sk=60 slots for source 2... 

Sk=140 slots for source 10. As expected, when the dead-

line durations increase, the cell losses due to deadline 

violations decrease. Except for the one envelope traffic 

shaper, increasing the deadline duration decreases the cell 

losses due to buffer overflows. This is due to the in-

creased statistical multiplexing gain with increased dead-

line durations. As cell transmissions spread over a longer 

period of time for the constant and linear envelope traffic 

shapers by increasing deadline durations, the cell losses 

due to buffer overflows decrease. 

Due to the constant amount of cell losses for different 

values of deadline durations under the one envelope traf-

fic shaper, the linear envelope traffic shaper becomes the 

optimal scheme when the total cell losses are considered 

as shown in Figure 5. 

 

 

Figure 5: Total CLPs as a function of deadline dura-

tion for VBR subframe lengths = 50, 60... 140 and buf-f-f-f-

ffffer size = 30 

6 Conclusions 

 
In this paper, the impact of VBR traffic shapers on the 

cell losses due to buffer overflows and deadline violations 

is considered and remaining deadline and smoothness 

metrics are introduced for a comparison of the effective-

ness of the traffic shapers. 

Most of the network parameters have significant im-

pact on the performance of the applications. Since rt-VBR 

applications are delay sensitive and require very low cell 

losses, their performance highly depends on these para-

meters such as the utilization of the network, the size of 

the buffers. In addition to such parameters, the VBR 

source transmission schemes affect their performance as 

well. While transmitting cells in such a way to maximize 

their remaining deadlines can be quite efficient in terms of 

cell losses due to deadline violations, it increases the cell 

losses due to buffer overflows. The reverse argument is 

true for a traffic shaper which tries to transmit the source 

cells as smooth as possible. 

As an example, a linear envelope traffic shaper which 

balances the adverse effects of buffer overflow and dead-

line violations is proposed in this paper. It is observed that 

the linear envelope traffic shaper becomes a very efficient 

scheme when the overall performance, thus the cell losses 

due to buffer overflows and deadline violations, are con-

sidered. 

In order to examine various traffic shapers in terms of 

buffer overflows and deadline violations, the proposed 

metrics can be used for a general idea. By the simple in-

terpretation of the traffic shaping functions, the remaining 

deadline metric and smoothness metric can be calculated 

and new token generator functions according to the spe-

cific needs of the applications can be produced. 
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Abstract— In commercial CDMA systems the signal strength is 
extensively effected by the Multiple Access Interference(MAI). 
Many techniques have been employed to reduce the effect of 
MAI. In the beginning Matched Filters are being used to handle 
MAI problems. In Multiuser detectors  following two filters, code 
matched filter and multiuser linear filter are used to handle the 
MAI problem. But  because of asynchronous operation of these 
filters the computational complexity of the system is increased.   
And hence the efficiency of the system drastically effected. This 
Multiuser technique is based on sub-symbol and in the sub-
symbol scheme, data symbols of the users are partitioned  
Matched filter techniques have  been successfully utilized in IS -95 
standard). But with in to sub-symbols such that the resulting sub-
symbols from different users are time aligned at the receiver side.  

 
The optimal linear filters operate in each sub-symbol interval, 

and the filtered outputs are processed using various evolutionary 
Algorithms. With the matched filter technique the number of 
users become limited in DS -CDMA. When the number of users 
are increased in DS -CDMA, the bit error rate(BER) for 
individual user is also increased. Researchers have used many 
techniques to eradicate this problem. In this  research paper two 
swarm optimization techniques( PSO & GA) have been used to 
handle the problem of computational complexity problem. The 
comparison is made in between these two techniques.  It is 
analyzed that PSO has a edge over GA in reducing computational 
complexity. 

 
Keywords: CDMA, Multiple Access Interference, Matched 

Filters, Bit error rate, Particle swarm optimization(PSO), Genetic 
Algorithm( GA)  

I. INTRODUCTION 

In present cellular systems The DS-CDMA system is a 
multi-user spread spectrum system that eradicate the problems 
of frequency reuse. In FDMA and  TDMA systems, the 
Signals of the user not  overlap with each other both in the 
time  domain or in the frequency domain, respectively. A 

unique code ia assigned in the CDMA system which 
modulates the signal of each user and transmissions took place 
at the same time  with the same frequency. These  unique codes 
assigned to the user signals in a CDMA system is always equal 
to the number of users  which are active. These modulating 
codes of the signals of the users are also called a spreading 
code or spreading sequence or chip codes  
 

This research work employ two Evolutionary  algorithms 
which are based on the swarm combinatorial optimization.. 
These two   techniques   based upon the principal of the  
individual and society interaction which a has bases from the 
group behaviour or individual learning and experience. The 
Particle swarm optimization(PSO)  technique is more robust 
and very much Effective in solving MUD problem.  in our 
analysis the MUD problem is treated using evolutionary 
techniques GA and PSO..  

II. SYSTEM  MODEL 

A single user Direct Sequence  spread spectrum system can 
be easily converted in to a Multiuser Spread spectrum system . 
Because structures of  these  transmitter and receiver are 
similar and the channel which is a Multiuser channel is 
obtained  just  by using the principle of  the superposition of 
many single user channels. We assumes and we regard the 
signals of the other users as additive white noise for the 

detection of a particular user ’ s signal at the base station. 
Because of this assumption, direct sequence spreading results 
in frequency spread spectrum are very similar to  the additive 
white noise.  
 

In the Wireless cellular communication system especially 
in DS-CDMA system we not only need to understanding the 
transmitter and receiver models but also  we need to know the 
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about the wireless channel through which the active signal is 
going to travel. In this section receivers  used for the DS-
CDMA systems have been introduced. A single user matched 
filter receiver is among the simplest of all DS-CDMA 
receivers. The  Zero forcing detectors along with the  
minimum mean squared error detectors are  described in the 
paper in detail.  
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Figure.2.1 Single User matched filter 
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A.  The Single User Matched Filter 
Single User Matched Filter(SUMF) is used in the basic 

CDMA receiver. It is usually implemented as a correlator. It is  
also called conventional detector. In this detector the signal of 
each user is demo dulated separately without  having any 
knowledge or any previous informations about the signals of  
all other users. For each user there is one SUMF detector at 
the base station. The final output of each detector obtaimed 
has  no effect on other signals. 

The SUMF is a maximum-likelihood detector. It  
maximizes the signal-to-noise ratio (SNR) for a particular user 
for this it does not consider the signals of other users. That is 
why it is  called the optimal detector.  This way the de-spread 
and demodulated signal of the user looks like only additive 
white noise (AWN). And we are well aware that in case of 
additive white Gaussian noise (AWGN) the probability of 
error for the single user is also going to be  minimized. Hence 
the assumption which made on the bases that signals from 
other users sharing the same channel can not be considered 
and  will be true only when the spreading sequences of all the 
users will be  orthogonal to each other. So the signal is 
received at the base station after passing through the wireless 
propagation channel. But one problem arise because of  non-
zero cross-correlations between spreading sequences  which  
lead to multiple access interference (MAI) and this increases 

rapidly with the increase of  number of users. 

 All Current DS-CDMA receivers use the method of SUMF 
detection. For detection a replica of the spreading sequence of 
the user interested is locally  generated This locally generated  
replica is used with the incoming signal and we say this 
operation as correlated. It is very much clear from Fig. 2.1. 
Here the assumption is made that the symbol-long portion of 
the locally generated spreading sequence correlates weakly 
with spreading sequences of the other users . So because of this 
weakness the correlation is performed over a symbol period . 
The particular symbol in The output of the SUMF is given by 
Eq.3 

    ( ) ( ) ( )i i j
Symbol
period

Y t r t K t τ= −∫ …            (3) 

Here  r(t) shows the received signal and t j represents  the 
channel delay for the j-th user. When the system is  a 
synchronous system the above equation is converted to 

 ( ) ( ) ( ) ( ) ( )
1

Nu

i ij j j
j

y t T t A t d t n t
=

= +∑ ……   (4) 

B. Orthogonal Sequences 

If we want that our  DS-CDMA system to be synchronous, 
Then we must have to ues the orthogonal sequences . Because 
of this application MAI is completely eliminated and  
optimum performance is achieved by SUMF detector. The 
demodulated signal for the i-th user from equation 4 can be 
written as  

    ( ) ( ) ( ) ( ) ( )i ij i i iy t R t A t d t n t= + ….        (5)      

Here all obtained cross-correlation terms  are supposed to be 
zero. 

C.  Semi-orthogonal sequences 
We have stated that  in Synchronous DS-CDMA we use the 

orthogonal sequences and because of zero cross-correlation 
with each user signal MAI problems becomes more severe as 
the number of users are increased. Here comes the Semi-
orthagonal sequences. The cross correlation properties of 
Semi -orthogonal sequences are appears to be better than those 
of orthogonal sequences. In this system at  the base station 
Symbols from all users are received asynchronously. But one 
sensitivity of this system is that  these are performed only  
when the transmission instants of individual users can not be 
controlled accurately and efficiently. In these situations 
spreading sequences are selected in such a way  that the cross-
correlation is minimized and as a result  the MAI is reduced. 
The examples of good cross-correlation properties are Gold 
and Kasami sequences. Kasami sequences  have  a tri-valued 
cross-correlation. When the operation is  synchronous 
operation we can obtain MAI directly from equation  (5). We 
have considered a system with two users to perform a 
quantitative analysis of Multiple access Interference (MAI). 
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The SUMF outputs from  can be written as: 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )1 11 1 1 12 2 2 1y t R t A t d t R t A t d t n t= + + ..(6) 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )2 21 1 1 22 2 2 2y t R t A t d t R t A t d t n t= + + ..(7) 
 

We have to consider that the error probability for the 
synchronous DS-CDMA channel entirely depends on the 
following parameters: 

i)  Relative magnitudes of the received signals. 

ii) Cross-correlation values of the spreading   sequences. 

     iii) Power of the additive white Gaussian  noise 

 

III.   SWARM OPTIMIZATION TECHNIQUES 

In this research work swarm optimization techniques have 
been employed for optimization. These techniques are based 
on the genetic evolutionary theory. This theory is being 
employed to apply sequence code division multiple access 
(DS-CDMA) in  communication systems. In this research we 
have analyzed new biological processes for different phases of 
an evolutionary algorithms. During this application we have  
considered specially the technique, multi-user 
detection(MUD) problem. And the channels considered are 
multipath fading channels. The results are considered and 
compared with ML Detector. The results  when compared with 
the optimum solution (ML - maximum likelihood) we come to 
the conclusion that the detection based on evolutionary swarm 
techniques gives an optimum  solution even for severe system 
operations and hostile channel conditions. In order to find out  
the optimum performance the complexity of each swarm 
optimization is determined and compared with others user 
signal This comparison is based on the required  
computational time  and required number of computational 
operations. 

While considering the complexity Problems many 
proposals of solutions have been proposed by researchers  for 
employing the heuristic algorithms especially the swarm 
optimization techniques. These techniques are used  to 
increase DS-CDMA communication systems performance and  
its capacity. Considering these proposals the optimum 
solutions are obtained very efficiently by using two swarm 
optimization Techniques. These techniques  are PSO AND 
GA. . The Above mentioned techniques are significantly faster 
than conventional point-by-point  search techniques which are 
previously used. These Techniques are very much effective 
especially when  large solution spaces are required for 
effective communications. 

In this work two heuristic algorithms are analyzed and  
these a are based on the swarm optimization Principal. these 
algorithm were originally proposed by Kennedy and Eberhart. 
In these techniques the individual-society interaction, learning 
suffers influence from the group behavior.  Learnings  from the 

individual behavior are main theme used for optimization. 
These swarm  optimization techniques are very efficient. The  
MUD problem is also  treated very effectively. 

It appears that in most of the practical engineering  cases, 
MUD based on Evolutionary  techniques results in almost 
optimu m and efficient. These results are very close to the 
performance obtained by the  by the Optimum Multiuser 
Detection. But because of the  advantages of smaller detection 
time smaller computational cost there is an attractive trade off  
in convergence speed and computational complexity.  

A .  GA Algorithm 
a.   Population Size: In genetic algorithms the population 

size choice is an important factor. This is  very important for 
the computational cost. The solution quality is also determined 
by this. When  population size is very small the performance 
can be Poor. The effective performance depends upon the 
individual  behavior and experience. This small population 
size covers only a small part of the total search area that we 
called the universe. And when the  population size is large.  
We will be able to get  a sufficient informations. These 
informations covers the wide area of the problem. But this 
large population size may not be able to avoid premature 
convergences for local solutions rather for global solutions. 
Because of large population size large computational resources 
are in our hands and very long unnecessary period of time  will 
be utilized which may slow the initialization process which in 
turn will make the  computational  Process sufficiently large.  
 
b. Reproduction: Reproduction is a process of  evolutionary 
algorithm in which candidate vectors or  the individuals, are 
copied according the their fitness values. The individuals with 
high fitness values have greater probability  to form the next 
generation efficiently. And individuals with lower fitness 
values have lower probability to take part to form the next 
generation . Some of the candidates which may have low 
fitness values may have higher probability to take effective 
part to form next generation. 

 
B.  The Particle Swarm Opimization 
   In  PSO (Particle Swarm Optimization)  a flock is searching 
over the solution landscape. It is represented by sampling 
points. This flock of swarm is going to converge on the most 
efficient regions of Landscape. The trajectory of the particle is 
defined by Velocity so that the particle is moving through the 
solution space always. Best efforts are made to adopt  back to 
a previous the previous efficient position or an attraction 
towards the best area discovered by the neighbors  itself. The 
convergence of a particle swarm depends upon  social pressure 
of neighbors and individual fitness and individual experience.  
 

IV.    THE SWARM TOPOLOGY 

 
PSO particle is a member of one or more neighborhoods. 

These particles are related with each other socially. In PSO all 
particles belongs to the same single neighborhood this is when  
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neighborhood is defined to be global. Name g is used for the 
particle which has best fitness value. In PSO when the 
neighborhoods are local Every particle belongs to at least n+1 
neighborhoods contrary to global). Where  n  is the 
neighborhood size. Particles are being visualized  in a circle, 
where each particle is the center of a neighborhood of n/2 
predecessors and n/2 successors  in the search space. When  we 
consider a swarm of N = 5 with a neighborhood size of n = 2 
this  ia an example. In this example each particle is a member 
of three overlappings in the search space. 
 

In PSO all group of particles are randomly distributed in 
the space. They have  their own position and velocity. We can 
represent  the d-th dimension of the i-th particle position at 
time t is represented by the equation below.  

        ( ) ( ) ( )1 1id id idx t x t v t= − + − …….       (8) 

Here ( )1−tv id  is the i-th particle velocity in its d-th 

dimension and time ( 1)t − . In our research MUD problem is 
analyzed, for such type of problem we have used discrete 
model for the algorithm so that we utilize some probabilistic 
methods. We have considered number of dimensions as being 
the number of users. Hence in the Equation below each 1K ×  
vector Rpresents the particle i.  

( ) [ ] [ ] [ ]1 2 ... ,... 1,2,3...
T

i i i ikx t x t x t x t i p = =  ….(9) 

The previous velocity for speed speed calculation is 
represented by ? and 1[ ]IU T and 2[ ]iU t . Thses have  

dimension K diagonal matrices. In equation 9 each element xid  
assumes the “0” or “1” values respectively. This we have 
considered in discrete mode for position choice. We obtained 
this inserting  a command of choice in the algorithm. Which is  
dependent of the velocity of the particle.  Velocity is being 
adjusted by the  a probabilistic mode. For this the sigmoid 
function being adopted here as shown by equation 10. 

  ( ) 1
1 aS a

e−=
+

  ………………    (10) 

This function is limited  in the interval (0, 1). ( )S a  which 

approaches  to 0  when a ?  ∞  and to 1 when a → ∞ .  PSO  

particle position is further representd by the following 
equation.  

[ ]( ) [ ] [ ] [ ]... ,.. .... 1 .. .. 1 0id id id idIF S v t t Then x t else x tρ⊃ + = + = …..(11) 

In above equation [ ]id tρ is a Random variable modeled 

through . ( ,1)U O .   maxV is a factor which is added to the 

algorithm model to escape from a local maxima. Because of 
this addition the velocity is limited  in the range max[ ]V± . A 

minimum probability that the bit change this factor is being 
inserted in the velocity calculation. This make it possible for 
the algorithm to escapes from forthcoming local maximuma. 

This brings an effective improvement in the performance. The 
algorithm works efficiently if  we consider the required 
parameters of the algorithm. The Table below compares the 
probability with the Vmax. The table shows this probability as a 
function of the maxV value. It is very much clear from the table 

that when the particle velocity crosses the limits max[ ]V± . So 

when the particle velocity crosses the limit the bit change will 
be probable. Table shows the probability of bit changes as a 
function maximum velocity. 

Vmax 1 2 3 4 5 

100[1-

(Vmax]% 

2

5.95 

10

.93 

3

.76 

1

.01 

0

.58 

 

V.  RESULTS AND DISCUSSIONS 

The simulation results of PSO-MUD have been compared 
with other algorithms. The system is assumed to be  
Synchronous multiuser detection system and the channel is 
AWGN channel. For spreading codes 31 bits Gold Sequence 
have been used. In simulation bits have been transmitted. 
Through the AWGN channel. Signals are received by Single 
user bound, conventional detector(MF), GA -MUD and PSO-
MUD.  

Simulation results shows the Performance comparison 
under different SNRs. It is very much clear from  the 
simulation results that Bit Error Rate(BER) of PSO-MUD is 
lower as compare to all other detectors. Results shows that 
PSO-MUD in DS-CDMA has much better  capability against 
bit error than of GA -MUD. 

 

Figure. 5.1: Performance comparison of GA -based 
MUD and PSO-based MUD  having computational 
complexity 600 for 20 user synchronous DS-
CDMA system 
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Figure. 5.2  Performance comparison of GA-based 
MUD and PSO-based MUD  with other sub-
optimal multi-user detection schemes for 20 user 
synchronous DS-CDMA system 

 

Figures 5.1 and 5.2 show the Performance comparison of GA -
based MUD and PSO-based MUD. With other sub-optimal 
multi-user detection schemes for 20 user 20 particles and 30 
iterations synchronous DS-CDMA system. Figure shows that 
when  signal to noise ratio is very small the performance of 
PPIC is better even than PSO but with the increase of signal to 
noise ratio the performance of PSO becomes better than all 
sub-optimal Detectors.  

                     

VI.     COCNCLUSION 

The PSO-MUD is a promising algorithm. The parameters 
optimization in a synchronous receivers shows that the PSO 
Swarm optimization technique reach very fastly the optimum 
ML performance and is  stable for many different system’s 
operation point (load, and Eb/N0), Provided the optimized 
parameters remains constant. The two swarm optimization 
Techniques  are robust fast converging in a fast mode, even 
with high load condition, in spite of a slow initial 
convergence.  

 
These swarm optimization techniques  have a complexity of 
the same order, with the GA -MUD resulting the smaller 
number of operations for the two analyzed loading (K = 16 
and K = 32 users). But for the MUD problem the PSO swarm 

technique results in a good complexity ×  performance 
tradeoff, having the  smaller computational complexity than 
the GA -MUD; however this complexity difference tends to be 
marginal as loading increases. 
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Abstract 
 

This paper defines the concept of a cycle and how it is 

constructed using mined rules.  Cascading cycles, those 

that have a common vertex, are defined and discussed.  

These concepts are formulated into a fuzzy cycle 

paradigm.  A system that uses RDF files as input and 

detects cascading cycles was developed and tested. 

 

Keywords: data mining, cycle mining, machine learning, 

fuzzy cycles. 

 

 

1. Introduction 
 

This paper initially defines what traditional data mining is 

and the concepts of cycles, cycle mining, cascaded and 

cycles.  A system implementation is then described and 

defined.   

 

 

2 Traditional Data Mining and Cycles 
 

With the present state of technology, we have the 

capability to store extremely large amounts of data in 

organized and automated systems.  The preponderance of 

data warehouses and datamarts [3], [5] are concrete 

evidence that this is not only possible, but of great 

interest to researchers, government agencies, and large 

corporations.  But what is the meaning and usefulness of 

these large repositories of data? 

 

The classical definition tells us that “Data mining is the 

nontrivial extraction of implicit, previously unknown, and 

potentially useful information from data [4]”.  We are no 

longer looking for tabular answers or aggregations of the 

data; rather we are looking for patterns within the data 

that reveal knowledge previously unknown.  One of the 

most common applications of data mining is to generate 

all significant association rules between items in a data 

set.  We can employ an efficient algorithm to mine a 

large collection of basket data type transactions for 

association rules between sets of items with some 

minimum specified confidence [1], thus providing both 

meaning and usefulness to the data. 

 

The patterns we discover in our data sets through data 

mining may not be necessarily isolated.  There may be 

chains of rules forming patterns of patterns, or meta-

patterns, where the head of one rule is the body of 

another rule.  In particular, the chain of rules may form a 

cycle.  This form of meta-pattern is the focus of our work 

in this paper.   

 

Traditional data mining algorithms identify associations 

in data that are not explicit.  Cycle mining algorithms 

identify meta-patterns of these associations depicting 

inferences forming chains of positive and negative rule 

dependencies.   We define some cycles as cascading 

cycles because they are not independent, and directly 

affect the behavior of the overarching cycle.  By 

modifying one participating rule of a cascading cycle, we 

can enable or disable it.  This in turn, for this particular 

application, will have an effect on the overall cycle.  In 

other words, the effect is cascaded to the primary chain. 

In particular, we identify cascaded cycles as those having 

one or more vertices that are shared by the overarching 

cycle.  Thus, changes made to the ancillary cycle will 

“cascade” down to the main cycle.  

 

In some cases there are cycles that have not yet 

manifested themselves.  For instance, there may be a 

cascaded cycle that has one vertex with too low a value to 

make the cycle whole.  If the cycle is incomplete, a 

formal paradigm for cycle +mining these partial cycles 

using fuzzy techniques is defined. In order to differentiate 

between those cycles that we want to perpetuate and 

those that we want to break, this research will use the -

cycle and -cycle as the underlying formalism of the 

paradigm. An -cycle is a cycle that is good and should 

be perpetuated.  A -cycle is a cycle that has negative 

consequences and should be broken.  Specifically, -

cycles, desirable cycles, should be reinforced such that 

complete positive cycles are created, and -cycles can be 

weakened to keep a negative incomplete cycle from 

forming. 
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3.  Cascading Cycles 
 

Of primary interest in this paper are both complete and 

partial cascading cycles that are discovered in our data.  

Intuitively, two cycles are cascading if they share at least 

one vertex. 

 

Definition 3.1 (cascading cycles)  
Let cycle X= <x1, ..., xk, x1>  and let cycle Y =<y1, ..., yl, 

y1>.   Cycles X and Y are cascading if  xi = yj  for some 

vertex xi in X and some vertex yj in Y. 

 

Example 3.1 (cascading cycles)  
 Let X = <a1, b1, c1,d1, a1>  and Y = < h1, i1, c1, h1>.     

Y is a cascading cycle of X because it has a node in 

common with X (c1). (Likewise, X is a cascading cycle 

of Y.)   Figure 1 illustrates this situation.   

 

 

 

 

            a1 

 

 

 

 d1    b1 

 

 

  

   c1 

 

  

     h1 

 

 

  i1 

 

 

Figure 1  Cascading Cycle 

 

Imagine for a moment that we have another cycle W that 

is a cascading cycle of Y.  If we were to break cycle W, 

then cycle Y would be broken or at least weakened 

thereby also breaking or weakening cycle X.  If we were 

to strengthen cycle W, this would have a similar effect on 

cycles Y and X.  Therefore, changes to cascading cycles 

will have a direct and linear impact on the associated 

cycles “downstream”. 

 

 

 

 

 

 

4.  Fuzzy Cycle Paradigm 
 

In previous work [2], the authors presented a 

methodology that uses the individual rule supports and 

confidences to detect and categorize different types of 

cycles, as well as presenting an enhanced cycle detection 

algorithm that uses a metric  computed from constituent 

rule support and confidence factors.  This metric is used 

to characterize the strength of the encompassing cycle.  

The definition of support and confidence was used and 

presented in [7].  

 

We define, the average of the above two metrics, to be 

our threshold measurement for any specific rule.  No rule 

with  less than a user-specified threshold U will be 

considered meaningful enough to be placed in the system 

knowledge base. Hence, it will not be detected as part of 

any cycle. 

 

Definition 4.1 ()  

  = (support + confidence) / 2 

 

Cycles are composed of n individual rules, so we define 

the strength metric  applied to cycles as 

 T = min(1, …, n), where i is the  

                       strength measurement of rule i. 

 

The revised methodology and cycle detection algorithm 

do not consider rules with  less than user-specified 

threshold U.  Thus, any detected cycle has T at least U. 

 

 

 

5.  Implementation and Testing 

 
A system was previously developed in [8] that mines the 

complete graph for cycles.  This system has been 

modified so that it uses RDF files as input.  Additionally, 

the system now detects and outputs all cascaded cycles.  

The diagram below describes the system components.   
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RDF data 

files 

Read data 

into lists 

Create references to all 

data associated with 

each data object 

Search for cycles using Depth First Search 

Simultaneously, search for cascaded cycles associated with each node 

Increment cycle 

count whenever a 

cycle is detected. 

Keep track of cycle 

count for each 

node 

Store the cycle with 

the associated node 

Cycle 

number>1 

Output all general and 

cascaded cycles associated 

with the node 
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The steps for finding cascaded cycles are as 

follows: 

 FOAF files are parsed and read into a list. 

 

 The data in the list is then outputted into a text 

file. 

 

 The data from this file is read into 3 different 

lists of vertices, outgoing and incoming edges. 

 

 Then the search algorithm is implemented to 

find the cycles and from them, the cascaded 

cycles. 

 

 

To find cascaded cycles in datasets, first it is required to 

keep track of all the cycles the nodes is associated with. If 

a node is associated with more than one cycle, then it 

forms a cascaded cycle.  

 

The datasets we are considering are RDF data files. 

Initially, the data is stored in FOAF files. Then it is 

parsed and stored in a list. The data in the list is then 

outputted to text files from where it can be used by other 

methods as input. This is necessary because the data is 

not in RDF format anymore and is easy to read.  

 

To detect the cycles, the data from the input text file 

should be read into a list of type GraphNode which is a 

user-defined class. Also, lists of incoming and outgoing 

nodes for each node are also maintained. The algorithm 

used in this process is Depth First Search.  

 

In Dfs, a stack of type GraphNode is maintained to check 

which nodes are visited and which nodes are not. 

Initially, for each node a default node number (999) and 

cycle number (0) are set. The parent of the first node in 

the list is set to null and the node is pushed into the stack.  

 

While the stack is not empty, the top node in the stack is 

removed and its node number is changed from 999 to an 

appropriate node number. For each such node, all the 

outgoing edges are checked to see if they are already 

visited. If they are not visited, their parent is set to the 

current node. If they are already visited (node number not 

equal to 999), a reverse search is started to see if it forms 

a cycle.  

 

Check the parent of current node and its value. If they are 

not null and unequal respectively, move backwards to the 

parent of the current node and check for the same results. 

If in this reverse process a node has a parent with null 

value, then no cycle is formed. But, if the node value 

equals outgoing node value, a cycle exists. This cycle is 

now added to the cycles list of all those nodes that form 

the cycle and their cycle count is increased. This process 

is repeated until the stack is empty. 

 

After all nodes are visited, all the nodes that have cycle 

number greater than one are said to have cascaded cycles.  

 

 

5.  Conclusion 
 

In this paper, we defined the concept of a cycle and how 

it differs from and expands upon traditional data mining.  

A cascaded cycle is then defined with an example given.  

We define a metric,, that is used to define the 

strength of individual rules in a cycle.  We also 

define a metric, T, that represents the strength of the 

entire cycle.  An implementation of a system that 

detects cycles as well as cascaded cycles is 

described.   
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ABSTRACT 

Vertex coloring of a graph is the assignment of labels to the 
vertices of the graph so that adjacent vertices have different 
labels. In the case of polyhedral graphs, the chromatic 
number is 2, 3, or 4. Edge coloring problem and face 
coloring problem can be converted to vertex coloring 
problem for appropriate polyhedral graphs. 

We have been developed an interactive learning system of 
polyhedra, based on graph operations and simulated 
elasticity potential method, mainly for educational purpose.  

In this paper, we introduce a learning subsystem of vertex 
coloring, edge coloring and face coloring, based on 
minimum spanning tree and degenerated polyhedron, which 
is introduced in this paper. 

Keywords: Vertex Coloring, Polyhedral Graph, Animation, 
Visualization, Interactivity 

1. INTRODUCTION 

Vertex coloring of a graph is the assignment of labels to the 
vertices of the graph so that adjacent vertices have different 
labels [1-3]. The 4-colour theorem proved by Appel and 
Haken in 1977, indicates that every planar graph is 
4-colourable. Every polyhedral graph is 3-connected planar 
graph, according to the theorem by Steinitz. Therefore, it is 
also 4-colourable. Consequently, the chromatic number of a 
polyhedral graph is 2, 3, or 4. There are various coloring 
methods, for example, greedy coloring algorithm, 
sequential coloring algorithm, distributed algorithm, 
decentralized algorithm, and so on. Determination of 
2-colourability is equivalent to testing bipartiteness, 
therefore, it is computable in linear time. However, in the 
case of more than 2 coloring, the computational complexity 
is known to be NP-complete, even for 3-colourability [4], 
and 4-colourability [5]. 

The author has been developed an interactive learning 
system of polyhedra, based on graph operations and 
simulated elasticity potential method, mainly for 
educational purpose [6-10]. By using this system, the user 
or the learner can make and handle various polyhedra, 
including Platonic solids, Archimedean solids [9], 
Kepler-Poinsot solids [7], fullerenes molecular structures, 
and geodesic dome constructions. 

In this paper, we introduce a learning subsystem of 
interactive vertex coloring, edge coloring, and face coloring, 
based on minimum spanning tree and degenerated 
polyhedron. Vertex coloring of polyhedral graph itself is 
trivial in a mathematical sense, and it is not novel also in a 
practical sense. However, visibility and interactivity can be 
helpful for the user to understand intuitively the 
mathematical structure and the computational scheme, by 
visualizing the process of the calculation, and by allowing 
the user to contribute the computation. 

2. POLYHEDRON MODELING SYTEM 

In this section, we summarize the system of interactive 
modeling of polyhedra described in [6-10]. It consists of 
three subsystems: graph input subsystem, wire-frame 
subsystem, and polygon subsystem. 

2.1 Graph Input Subsystem 

Figure 1(a) shows a screen shot of graph input subsystem, 
where a graph isomorphic to truncated icosahedrons is 
drawn. The first step of the modeling of polyhedron is 
drawing a polyhedral graph isomorphic to the intended 
polyhedron. In the subsystem, vertex addition, vertex 
deletion, edge addition, and edge deletion are implemented 
as fundamental operations. Some additional utilities are also 
implemented such as grid lines, grid snapping, vertex 
coloring according to degrees, and so on. 

2.2 Wire-Frame Subsystem 

Figure 1(b) shows a screen shot of wire-frame subsystem. 
After constructing a polyhedral graph the next step is 
arranging vertices in 3D space with virtual springs and 
Hooke’s law. Wire-frame polyhedron can be formed by 
controlling the natural length of virtual spring 
corresponding to three types of binary relations between 
pairs of vertices. 

2.3 Polygon Subsystem 

Figure 1(c) shows a screen shot of polygon subsystem. 
After arranging vertices in 3D space, the last step is 
detecting faces, selecting appropriate faces, and rendering 
the solid. Detecting n-polygon is equivalent to finding 
simple closed path with length n. Some additional utilities 
such as opening faces, meshed faces are implemented. 
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(a)                                  (b)                                   (c) 

Figure 1. Screen shots of Interactive Polyhedron Modeling System. 
(a) Graph input subsystem, (b) Wire-frame subsystem, and (c) Polygon subsystem. 

                     
(a)                              (b)                               (c) 

Figure 2. Three Graph Operations. 
(a) Vertex splitting, (b) Edge contraction, and (c) Diagonal addition. 
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Figure 3. Relations of 5 Platonic graphs and 13 Archimedean graphs using 3 operations. 

2.4 Graph Operation for Polyhedral Graph 

Three graph operations are defined for polyhedral graphs: 
vertex splitting, edge contraction, and diagonal addition 
(Figure 2) [9]. By these three operations, 5 regular 

polyhedra (Platonic solids) and 13 semi-regular polyhedra 
(Archimedean solids) are interconnected as shown in Figure 
3. By using these operations, the user can model various 
polyhedra from one seed polyhedron. 
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3. ANIMATION VISUALIZATION OF VERTEX 
COLORING 

Table 1 in the next page is the complete list of regular 
polyhedra and semi-regular polyhedra. Symbols vc, ec, and 
fc are the chromatic numbers of vertex coloring, edge 
coloring and face coloring. Face coloring of a planar graph 
G is equivalent to vertex coloring of the dual of G. Edge 
coloring of a polyhedral graph G is equivalent to vertex 
coloring of the ambo of G. Ambo is one of Conway 
Polyhedron notations [10]. 

A graph G is k-colorable if and only if G is k-partite. In the 
case of polyhedral graph, k can be 2, 3 or 4. By identifying 
vertices in each part of k-partite graph, one of line segment 
(1-simplex), triangle (2-simplex), or tetrahedron 
(3-simplex) is obtained. In this paper, we call such a 
polytope generated from a polyhedron, degenerated 

polyhedron. Figure 4 shows three examples of degenerated 
polyhedra: snubdodecahedron (to tetrahedron), small 
rhombicosidodecahedron (to triangle), and great rhomb- 
icosidodecahedron (to line segment). 

The process of interactive vertex coloring is as follows. 
When the user presses the “Degenerate” button, the system 
tests the chromatic number in the order of 2, 3, and 4 
colorabilities. If the graph is k-colorable, it is partitioned to 
k-partite graph, and degenerated to one of line segment, 
triangle, or tetrahedron, with animations (Figure 5 (a-d)). 
After the user select different color for each vertex of 
degenerated polyhedron (Figure 5 (e)), when the user 
presses the “Release” button, the polyhedron recovers the 
original shape with also animations (Figure 5 (f-h)). The 
user or learner can observe how the colors are assigned to 
the vertices so that adjacent vertices have different colors, 
and also understand unconsciously that k-colorable and 
k-partite are equivalent. 

 
Figure 4. Examples of degenerated polyhedra (polytopes). 

             
(a)                    (b)                    (c)                    (d) 

             
(e)                    (f)                    (g)                    (h) 

Figure 5. An example of interactive vertex coloring (great rhombicosidodecahedron: line segment). 
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4. CONCLUSION 

In this paper, interactive vertex coloring system for 
polyhedral graph has been presented. It was developed as a 
subsystem of an interactive learning system of polyhedra, 
based on graph theory. The learner can not only observe 
how the colors are assigned to the vertices, but also 
understand unconsciously that the notions of k-colorable 
and k-partite are equivalent. 
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Table 1. The list of regular polyhedra (Platonic solids) and semi-regular polyhedra (Archimedean solids). 

v, e, and f stand for the numbers of vertices, edges and faces, respectively. 
vc, ec, and fc are the chromatic numbers of vertex-coloring, edge-coloring and face-coloring. 

Symbol Name of polyhedron v e f vc ec fc 

33
P  Tetrahedron 4 6 4 4 3 4

34
P  Cube 8 12 6 2 3 3

43
P  Octahedron 6 12 8 3 3 2

35
P  Dodecahedron 20 30 12 3 3 4

53
P  Icosahedron 12 30 20 4 3 3

2(3 4)
A ⋅  Cuboctahedron 12 24 14 3 3 2

4 6 10A ⋅ ⋅  Great Rhombicosidodecahedron 120 180 62 2 3 3

4 6 8A ⋅ ⋅  Great Rhombicuboctahedron 48 72 26 2 3 3

2(3 5)
A ⋅  Icosidodecahedron 30 60 32 3 3 2

3 4 5 4A ⋅ ⋅ ⋅  Small Rhombicosidodecahedron 60 120 62 3 3 2

33 4
A ⋅  Small Rhombicuboctahedron 24 48 26 3 3 2

43 4
A ⋅  Snub Cube 24 60 38 3 3 3

43 5
A ⋅  Snub Dodecahedron 60 150 92 4 3 3

23 8
A ⋅  Truncated Cube 24 36 14 3 3 4

23 10
A ⋅  Truncated Dodecahedron 60 90 32 3 3 4

25 6
A ⋅  Truncated Icosahedron 60 90 32 3 3 4

24 6
A ⋅  Truncated Octahedron 24 36 14 2 3 3

23 6
A ⋅  Truncated Tetrahedron 12 18 8 3 3 4
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Abstract—Energy management in dwellings is addressed in
this paper. The energetic impact of dwellings in the current
energetic context is first depicted. The formulation of the
global energy management problem of dwellings is defined as
an optimization problem based on a Mixed Integer Linear
Programming (MILP) algorithm. It aims at adjusting the
energy consumption to both the energy cost and the inhabi-
tant’s comfort. The available flexibilities, provided by domestic
appliances, are associated to time windows or heating storage
abilities. The energy consumption in houses is very dependent
to uncertain data such as weather forecasts and inhabitants’
activities. The paper focuses on the taking into account para-
metric uncertainties in anticipative energy management for
dwellings. Robust linear programming is implemented in order
to provide the robust energy allocation. Application example
is given.

Keywords-Building, Energy management, Robust optimiza-
tion, Uncertainties, Mixed integer linear programming.

I. INTRODUCTION

A home automation system basically consists of house-
hold appliances linked via a communication network allow-
ing interactions for control purposes [1]. Thanks to this
network, a load management mechanism can be carried
out: this is a functionality of the so-called smart home.
Load management allows inhabitants, in this paper, to ad-
just power consumption according to expected comfort and
energy price variation. For instance, during the consumption
peak periods when power plants rejecting higher quantities
of CO2 are used and when energy price is high, it could be
possible to decide to delay some consumption activities by
reducing some heater set points. Load management is all the
more interesting that the availability and price of the energy
vary. It is very complex to manage by users in a dynamic
pricing context.

A building energy management system consists in two as-
pects: the load management and the local energy production
management. [2] have proposed optimal control strategies
for HVAC (Home Ventilation and Air Conditioning) systems
taking into account the natural thermal storage capacity of
buildings that shift the HVAC consumption from peak period
to off-peak period. [2] has shown that this control strategy
can save up to 10% of the electricity cost of a building. The
control temperature in buildings and more generally HVAC

is widely studied in automatic control. Nowadays, a lot of
studies promote the Model Predictive Control (MPC) for
HVAC systems [3]. MPC consists in tracking a reference
trajectory. This trajectory is the predicted thermal informa-
tion for example. The predictive approach proposed in this
paper could provide such trajectories for the MPC strategies.
However, these approaches do not take into account the
energy resource constraints, which generally depend on the
autonomy needs of off-grid systems [4] or on the total power
production limits of the suppliers in grid connected systems.

The household global load management problem is a
larger problem than HVAC control. It can be formulated
as an assignment problem in which energy is a resource
shared by appliances, and tasks are energy consumption of
appliances. A discrete optimization method of shortest path
is proposed in [5] to deal with the prediction of optimal
indoor temperature.

The generic home energy management problem as a
scheduling problem is proposed in [6]. The available electric
power at each time is a cumulative resource shared by the
appliances. The tasks are the activities requested by the
inhabitant that consume the supplied power in given time
windows. A mathematical formulation of this problem is
proposed that can be written as a Mixed Integer Linear
Program. A lot of data are assumed in this formulation such
as weather forecasts and inhabitants’ requests. An optimal
energy planning is proposed over a given planning horizon,
typically one day.

In this paper, parametric uncertainties on the data are
taken into account in order to propose robust energy plan-
ning in which a performance is guaranteed over the expected
data. The associated robust formulation which is proposed
to deal with is adapted from the Bertsimas and Sim for-
mulation proposed in [7]. Parametric uncertainties, such as
weather forecasts, are addressed through this formulation.
This formulations lead to the definition of the Robust Home
Energy Scheduling Problem.

The deterministic Home Energy Scheduling Problem is
defined in section 2. The uncertainties that the home energy
management system has to face and the robust optimization
of parametric uncertainties as well as an application example
are performed in section 3.
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II. ANTICIPATIVE ENERGY MANAGEMENT PROBLEM

The Home Energy Scheduling Problem (HESP) takes as
input a set of activities called services. One can distinguish
the provider services that produce the energy resource and
the consumer services having to be processed using the
energy resource. The consumer services take place of the
activities required by the inhabitant. The energy is a cu-
mulative resource which availability and price vary from
time to time. The optimization system aims at planning
the services by finding the best compromise between the
cost of the consumed energy (to be minimized) and the
inhabitant’s satisfaction (to be maximized) under constraints
of power supply and inhabitant’s requests. The HESP is
modeled through a MILP formulation.

The consumer services are the activities required by the
inhabitants that are energy consuming. Some of them are
the tasks to be planned under the constraint of power supply
service. Several types of consumer services can be defined in
the optimization problem according to the type of involved
control. One can distinguish the permanent services to be
controlled all over the planning horizon (see section II-A)
and the timed services to be scheduled in a time window
according to the inhabitant’s requests (see section II-B). The
unsupervised service is associated to the set of activities
that cannot be planned because they are totally driven by
the inhabitants. Another segmentation is proposed in [8]
based on the number of settings of the appliances and their
automation level.

Let H = {0, . . . , T − 1} be the planning horizon com-
posed of T time periods of length ∆. The time period ∆ is
a data given by the variation of the resource. At every time
period k the amount of energy allocated to each service has
to be decided. The energy cost and the resource availability
are assumed to be constant over a time period ∆. [6] and [9]
propose a formulation of the energy management problem
in which the execution of the services are assumed to be
synchronized to the time period.

A. Permanent services

The permanent services depict services that are continu-
ously delivered and controlled all over the planning horizon.
Typically the room heating and refrigerating services are per-
manent services. Let us assume SRV (i) such a permanent
service characterized by the following data :
• P (i) the required power in execution
• Topt(i, t), Tmin(i, t) and Tmax(i, t) respectively the op-

timal, the minimum and maximum satisfying controlled
parameters at time t

For example the inhabitant requires a temperature in his
room in the satisfying interval [18°C, 20°C]. The opti-
mization problem aims at setting the best temperature at
each time to minimize the energy cost and maximize the
inhabitant’s satisfaction. The thermal ability storage of the

building is then used to reach this optimum. In HESP only
one type of permanent service is addressed. A permanent
service is assumed to control a physical variable such as
temperature. The temperature set point Tin(i, k) is the deci-
sion variable associated to the permanent service i. The set
point modulation corresponds to a variable amount of energy
E(i, k) allocated to the permanent service. Tin(i, k), E(i, k)
are the decision variables of this optimization problem.

The permanent services that are modeled by a first order
dynamic are addressed in HESP. The discrete time model of
a room heating service SRV (i) is as follows:

Tin(i, k + 1) = e
−∆
τ(i)Tin(i, k) + (1− e

−∆
τ(i) )Tout(i, k)

+G(i)(1− e
−∆
τ(i) )E(i, k)

+Gs(i)(1− e
−∆
τ(i) )φs(i, k)

(1)
Tmin(i, k) ≤ Tin(i, k) ≤ Tmax(i, k) (2)

with the following data parameters:
• Tin, Tout the indoor and outdoor temperatures
• φs the equivalent electric power generated by the solar

radiation
• G,Gs the gains of the first order dynamic from the

heating power and the solar radiance respectively
• τ the constant time of the first order dynamic
According to the typical models for the thermal comfort

proposed in [10], the dissatisfaction index for the permanent
service SRV (i) at each time period k of a given type of
thermal space is computed as follows :

D(i, k) =


Topt(i,k)−Tin(i,k)
Topt(i,k)−Tmin(i,k) if Tin(i, k) ≤ Topt(i, k)
Tin(i,k)−Topt(i,k)
Tmax(i,k)−Topt(i,k) if Tin(i, k) > Topt(i, k)

(3)
The global dissatisfaction D(i) associated to SRV (i) can

then be defined as follows:

D(i) =

T−1∑
k=0

D(i, k) (4)

B. Timed services

A timed service depicts an activity that is required at
some time and which execution has a given duration lower
than the planning horizon. The timed services are associated
with appliances which number of settings is not too large,
typically few times per day. The set of timed services is a
set of tasks to be scheduled with time windows constraints
(ready times and due dates) and resource sharing constraints.
Preemption is not available. Typically cooking a meat with
an oven, washing dishes are examples of timed services.
A timed service SRV (i) is characterized by the following
input data:
• P (i) the required power in execution
• fopt(i), fmin(i) and fmax(i) the requested, earliest and

latest allowed ending times respectively
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• d(i) the execution time
Timed services such as washing are expected by the

inhabitant to be finished at a given preferred time denoted
fopt(i). The earliest and latest requested ending times are
given by the inhabitant for the programmable services or
predicted from the user’s behavior for the not programmable
services. The ending time f(i) is the decision variable
associated to a timed service.

The service quality achievement depends on the amount
of time it is shifted from this preferred value. Then the
following dissatisfaction index D(i) can be computed for
a timed service.

D(i) =

{
f(i)−fopt(i)

fmax(i)−fopt(i) if f(i) > fopt(i)
fopt(i)−f(i)

fopt(i)−fmin(i) if f(i) ≤ fopt(i)
(5)

C. Unsupervised service
All energy consuming activities in housing cannot be

taken into account as services to be scheduled. Lighting is
one of the best examples of unsupervised service. Indeed put
the light on is totally dependent on the inhabitant’s presence
in a room, a parameter that is neither controllable nor pre-
dictable at the planning level. Then all activities that cannot
be controlled and/or individually predicted have no interest
to be planned to optimality. Those activities are merged
together into one unsupervised service. The unsupervised
service is defined by the energy Pu(k) consumed at period
k given as a data for the optimization problem. No decision
variable is associated to the unsupervised activities in the
scheduling problem.

D. Power supply
Let us denote SRV (i) a power supply activity. The

power supply is the cumulative resource and represents the
available power P (i, k) over the planning horizon and the
associated cost C(i, k) at every time period for a given
production mean. In the problem HESP, the available power
can be consumed by the services or not. Then a power supply
service SRV (i) is associated to the following constraint:

E(i, k) ≤ P (i, k)∆ ∀k ∈ {0, ..., T − 1} (6)

where E(i, k) the provided energy during the time window
]k∆, (k + 1)∆]. This constraint aims at translating the
available power into a maximal amount of energy per time
period.

E. Energy balance
A constraint modeling the production/consumption bal-

ance has to be added. This constraint can be written as
follows:∑
j∈IS

E(j, k) =
∑
i∈IC

E(i, k)+Pu(k)∆ ∀k ∈ {0, . . . , T−1}

(7)
where IS and IC are respectively the set of indexes of the
power supply services and the consumer services.

F. Objective function

Depending on the inhabitants’ requests, a compromise
between the cost and the comfort has to be exhibited. This
is generally the case when the energy cost changes. The
highest cost corresponds to the peak consumption periods.
An aggregation approach has been implemented to exhibit
such a compromise. The corresponding objective function to
be minimized is depicted by equation (8):

σ =
∑
j∈IS

T−1∑
k=0

C(j, k)E(j, k) +
β∑

i∈IC α(i)

∑
i∈IC

α(i)D(i)

(8)
The parameters α(i) depict the priorities between the con-
sumer services and the parameter β depicts the relative
importance given by the user to the energy cost and the
comfort.

The optimization problem is defined by equations (1) to
(8). The linearization of this formulation is not addressed in
this paper. It can be performed using integer variables. In
the following of the paper the linear equation (1) will be
used to illustrate the robust parametric optimization.

III. ROBUST ENERGY MANAGEMENT PROBLEM

In this section, parametric uncertainties are taken into
account in the optimization problem. The robust formulation
introduced by Bertsimas and Sim [7] is depicted and then
adapted to the home energy management problem. Uncertain
parameters in the permanent services are addressed with this
robust approach.

A. Uncertainties analysis in the home energy system

The home energy management problem has been modeled
with a lot of parameters that are uncertain data. This is
generally the case in modeling. This is particularly true in the
energy management problem because of the high sensitivity
of the decision (the energy allocation) to the data. Generally
speaking, every forecasted data involved into a model is not
exactly known.

Sources of uncertainties in the problem of energy man-
agement are very numerous. In this paper uncertainties
related to the uncertain character of data is only studied.
The uncertain weather forecast is a typical example of such
uncertainties. The weather forecast is responsible for two
main parameters that play a key role in the dynamic equation
of the permanent services (i.e. the outdoor temperature and
the solar radiation). These data define the required amount
of energy to be consumed to satisfy the requested indoor
temperature. In order to take into account such uncertainties
a parametric model is assumed and implemented into the
linear equations. This formulation can be used for every
uncertain parameter ai. In the assumed model of uncertainty
the parameter ai is associated with a random variable ãi
that takes value according to a symmetric distribution in an
interval centered around the nominal or expected value. The
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robust linear optimization will be depicted in this section to
face these uncertainties.

B. The robust formulation of Bertsimas and Sim
A linear formulation is proposed in [7] to face parametric

uncertainties under a convex model of data uncertainty. Let
us assume the ith constraint of the deterministic problem,
i.e. aix ≤ bi. The formulation of the robust optimization of
parametric uncertainties is firstly explained in the basic case
of independent parameters. It is then extended to the case
of correlated parameters.

1) Independent parameters: Let Ji be the set of coef-
ficients aij , j ∈ Ji that are subject to parameter uncer-
tainty. These parameters are assumed to be independently
uncertain. Then the parameter uncertainty is defined as a
random variable ãij , j ∈ Ji that takes value according to
a symmetric distribution with mean equal to the nominal
value aij in the interval [aij − âij , aij + âij ]. For each
constraint i a parameter Γi is introduced. It takes values in
the interval [0, |Ji|]. The parameter Γi allows adjusting the
robustness of the proposed method against the required level
of conservatism of the solution. The coefficients of the ith
constraint are allowed to change up to âit and one coefficient
ait changes up to (Γi − bΓic)âit. This robust formulation
can be written as follows:

maximize cx
subject to

∑
j aijxj + βi(x,Γi) ≤ bi ∀i

−yj ≤ xj ≤ yj ∀j
y ≥ 0

(9)

with βi(x,Γi) the protection function of the ith constraint
that is written as follows:
βi(x,Γi) =

max
Si∪ti|Si⊆Ji,|Si|=bΓic,ti∈Ji\Si

{ ∑
j∈Si

âijyj + (Γi − bΓic)âitiyti

}
(10)

This definition of the robust optimization can be derived
into a linear formulation as follows:

maximize cx
subject to

∑
j aijxj + ziΓi +

∑
j⊆Ji pij ≤ bi ∀i

zi + pij ≥ âijyj ∀i, j ⊆ Ji
−yj ≤ xj ≤ yj ∀j
pij , yj , zi ≥ 0 ∀i, j ⊆ Ji

(11)
Thanks to this formulation the probability that the ith

constraint is violated can be computed. Let us denote x∗j an
optimal solution of the robust problem 11. Then it yields:

Pr

(∑
j

ãijx
∗
j ≥ bi

)

≤ 1
2n

{
(1− µ)

(
n

bνc
)

+
n∑

l=bνc+1

(
n

blc
)} (12)

with n = |Ji|, ν = Γi+n
2 and µ = ν − bνc.

From this principle for robust optimization one can extend
the formulation to take into account correlated parameters.

2) Correlated parameters: Let us now assume the cor-
related data aij . The variations of all aij are due to |Ki|
sources of data uncertainty. Then the following model is
assumed:

ãij = aij +
∑
k∈Ki

η̃ikgkj (13)

with η̃ik independent and symmetrically distributed random
variables in [-1, 1] and gkj the range of variation of the
parameter aij related to the source of uncertainty k. From
this model of uncertainty a linear formulation of the robust
problem can be written as follow:

maximize cx
subject to

∑
j

aijxj + ziΓi +
∑
k⊆Ki

pik ≤ bi ∀i

zi + pij ≥ yik ∀i, k ⊆ Ki

−yik ≤
∑
j⊆Ji

gkjxj ≤ yik ∀i, k ⊆ Ki

pik, yik ≥ 0 ∀i, k ⊆ Ki

zi ≥ 0 ∀i

(14)

C. Robust optimization for parametric uncertainties

In this section robust optimization for parametric uncer-
tainties is illustrated. Every parameter that is involved in the
constraints of the HESP can be assumed as an uncertain
parameter. Weather forecast are taken as example because
they are the most illustrative and the most sensitive to energy
allocation. The outdoor temperature Tout and the solar
radiation φS are assumed to be known through expected
values (T̄out, φ̄S) and precision levels such that Tout ∈[
T̄out − T̂out, T̄out + T̂out

]
and φS ∈

[
φ̄S − φ̂S , φ̄S + φ̂S

]
.

One can introduce the protection function in equation (1)
using the formulation (11) applied to the right-hand-side
coefficients:

Tin(i, k + 1)− e
−∆
τ(i)Tin(i, k)−G(i)(1− e

−∆
τ(i) )E(i, k)

−(1− e
−∆
τ(i) )Tout(i, k)x1(i, k)

−Gs(i)(1− e
−∆
τ(i) )φs(i, k)x2(i, k) + β(i, k) = 0

x1(i, k) = x2(i, k) = 1
(15)

1) Independent parameters: Let us assume that the varia-
tions of Tout and φS are independent. With the two assumed
uncertain parameters, the parameter Γ(i, k) takes values in
the interval [0, 2]. From the equation (10) the protection
function can be written as follow:
• If 0 ≤ Γ(i, k) ≤ 1 :

β(i, k) = [Γ(i, k)− bΓ(i, k)c]

max
{
T̂out(i, k)y1(i, k); φ̂s(i, k)y2(i, k)

}
(16)
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• If 1 < Γ(i, k) ≤ 2 :

β(i, k) = max {a1, a2} ,
a1 = T̂out(i, k)y1(i, k)

+[Γ(i, k)− bΓ(i, k)c]φ̂s(i, k)y2(i, k)

a2 = [Γ(i, k)− bΓ(i, k)c]T̂out(i, k)y1(i, k)

+φ̂s(i, k)y2(i, k)
(17)

The equivalent linear program using (14) is as follow:

Tin(i, k + 1)− e
−∆
τ(i)Tin(i, k)

−G(i)(1− e
−∆
τ(i) )E(i, k)

−(1− e
−∆
τ(i) )Tout(i, k)x1(i, k)

−Gs(i)(1− e
−∆
τ(i) )φs(i, k)x2(i, k)

+z(i, k)Γ(i, k) + p1(i, k) + p2(i, k) = 0

(18)

z(i, k) + p1(i, k)− y1(i, k)T̂out(i, k) ≥ 0 (19)

z(i, k) + p2(i, k)− y2(i, k)φ̂S(i, k) ≥ 0 (20)
−y1(i, k) ≤ x1(i, k) ≤ y1(i, k) (21)
−y2(i, k) ≤ x2(i, k) ≤ y2(i, k) (22)

x1(i, k) = x2(i, k) = 1 (23)
p1(i, k), y1(i, k), p2(i, k), y2(i, k), z(i, k) ≥ 0 (24)

The violation probability can be calculated from equation
(12) with n = 2. Γ(i, k) is the attribute that has to be chosen
to fix the required protection level.

Remark: The unsupervised consumed power Pu(k) (7)
could also be assumed as uncertain data and then studied in
a robust formulation. However it is not realistic to assume
that the variations of Pu(k) satisfy an uniform distribution
around a nominal value. A formulation derived from the
definition of the service rate is better adapted. This kind of
approach is not addressed in this paper.

2) Correlated parameters: Let us now assume the cor-
relation between Tout and φS , that is the most realistic
assumption. In this case, the parameter Γ(i, k) takes values
in the interval [0, 1]. From the formulation (14), the robust
formulation can be written as follow:

Tin(i, k + 1) −e
−∆
τ(i)Tin(i, k)

−G(i)(1− e
−∆
τ(i) )E(i, k)

−(1− e
−∆
τ(i) )Tout(i, k)x1(i, k)

−Gs(i)(1− e
−∆
τ(i) )φs(i, k)x2(i, k)

+z(i, k)Γ(i, k) + p(i, k) = 0

(25)

z(i, k) + p(i, k)− y(i, k) ≥ 0 (26)

−y(i, k) ≤ T̂out(i, k)x1(i, k) + φ̂S(i, k)x2(i, k) (27)

T̂out(i, k)x1(i, k) + φ̂S(i, k)x2(i, k) ≤ y(i, k) (28)
x1(i, k) = x2(i, k) = 1 (29)

p(i, k), y(i, k), z(i, k) ≥ 0 (30)

D. Application example

Let us consider a simple example of allocation plan
computation for a housing for the next 24 hours. A 10
period planning horizon is assumed and four services have
to be delivered: SRV (1) is a grid power supplier, SV R(2),
SV R(3) are respectively the room HVAC service of bed-
room and living room, and SV R(4) corresponds to a clothes
washer. The forecasted outdoor temperature of this thermal
zone as well as the forecasted solar radiation is given in the
figure 1. The actual values are random variables supposed
to be uniformly distributed around the forecasted value with
a precision T̂out = 1°C for the temperature and φ̂S = 30W
for the solar radiation. These two uncertain parameters Tout
and φS are assumed as independent parameters.

Figure 1. Forecasted values of the uncertain parameters

The optimization results of the heating service of bed-
room and the clothes washer service are used to examine
the quality of the robust solution. The heating bedroom
SRV (2) consumes P (2) = 1000W in execution. The re-
quired minimum and maximum allowed temperatures equal
respectively 22°C, 19°C and 25°C. The clothes washer is
considered as a timed service SV R(4). It just can be shifted
providing that the following comfort constraints are satisfied:
fmin(4) = 8am, fmax(4) = 9pm and fopt(4) = 5pm. This
service requires 1500W in execution.

The problem (18) is solved for various levels of Γ(2, k).
Figure 2 illustrates the energy reservation for the heating
of bedroom at the 5th period E∗(2, 5) as a function of
the protection level Γ(2, 5). The required energy increases
from 0 to 113W with the increasing values of Γ(2, 5) to
maintain the best thermal satisfaction in the bedroom at this
period. The figure 3 shows the robust energy planning for the
heating of bedroom service and the clothes washing service.
As expected, more the protection level increases, more the
energy reservation for the thermal service increases, so more
the timed service is shifted from the requested time to satisfy
the constrains of power supplier.

The violation probability of the constraint associated to
the thermal model, from equation (12), is also given in the
figure 4 as a decreasing function of Γ(2, k). This kind of
curve can be used to choose the value of Γ(2, k) from a
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given risk to be covered or in other words from a given
service rate. The so-called worst case is very easy to exhibit.
A decisional strategy has to be added to choose a solution by
capturing the best trade-off between risk and performance.

IV. CONCLUSION

Energy management in buildings is a very important
problem due to the great impact of buildings in the current

Figure 2. Energy reservation for the heating of bedroom service at the
5th period

Figure 3. Robust energy planning for the heating of bedroom service and
the clothes washer

Figure 4. Violation probability

energetic context. In this paper, an optimization point of
view for energy management in houses has been depicted.
The energy consumption in buildings is very dependent to
the value of the data of the optimization problem. The robust
optimization approach has been introduced to take into
account parametric uncertainties such as weather forecast.
Robust energy allocations have been demonstrated. Some
works have now to be developed to propose the way how to
choose the protection level of parametric uncertainties with
regards to the entire set of required services.
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ABSTRACT 
 

In this work, we propose a control strategy by state 
convergence applied to bilateral control of a nonlinear 
teleoperator system with constant delay. 
The bilateral control of the teleoperator system considers 
the case when the human operator applies a constant 
force on the local manipulator and when the interaction 
of the remote manipulator with the environment is 
considered passive.   
The stability analysis is performed using Lyapunov-
Krasovskii functional, it showed that using an control 
algorithm by state convergence for the case with constant 
delay, the nonlinear local and remote teleoperation 
system is asymptotically stable, also speeds converge to 
zero and position tracking is achieved. 
This work also presents the implementation of an 
experimental platform. The mechanical structure of the 
arm that is located in the remote side has been built and 
the electric servomechanism has been mounted to control 
their movement.   

Keywords: nonlinear; teleoperation; state 
convergence; Lyapunov-Krasovskii;  timedelay; stability 

1. INTRODUCTION 

 
The teleoperator device allows the human operator to 

perform mechanical actions that are usually performed by 
human hands and arms. Since the introduction of the first 
modern master/slave manipulator in the late 1940s, 
teleoperation systems have been used for a number of 
different tasks, for example, toxic and harmful material 
handling operation in remote environments such as 
submarine or space and perform tasks that require extreme 
precision and continue to play a role each even more 
important for this type of applications in the future [1]. 

Stability is an important aspect to build a teleoperation 
system with a high level of telepresence. Certainly, if a 
system exhibits unstable or closely unstable behavior, the 
illusion of the operator to be virtually present at the 
remote end can be destroyed, as well as possibly making 
the task difficult or impossible to implement. For 
applications of teleoperation in which the remote side is 
really remote, time delays are the major cause of stability 
issues. 

The first work dealing with the problem of delay was 
published in [2], where the system was operated in open-
loop, so not presents problems of instability [3]. In 1966 
and later was determined that a time equal to or less than 
50 ms delay can destabilize the bilateral controllers [3]. 
The problem is due to the generation of energy in the 
communication channel that makes this component of the 
system is not passive [3]. A way of solving this problem 
is the addition of damping to the master and the slave to 
absorb the energy generated in the system. However, this 
technique does not guarantee the stability and cause poor 
performance [4], [5]. As an alternative, is possible to 
modify the bilateral control in a way such that the 
communication channel acts as a line without loss of 
transmission [3]. 

There is several control schemes proposed in the 
literature to deal with specific problems in the field of 
robotics teleoperation [6]. The proposed control schemes 
use different non-linear control techniques, such as 
passivity, sliding mode control, adaptive control or robust 
[7] [8], [9], [10] which allow to stabilize the master-slave 
system when the communication channel presents small 
delays and the environment is considered soft. However, 
in the design of the control algorithms is considered a 
linear dynamic for the teleoperator and the effect of the 
delay are analyzed using linear approaches [5], [6]. 

A first step towards the unification of the analysis of 
stability for teleoperators with time delay was presented 
in [11]. They propose a general function as Lyapunov 
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candidate, which with a slight modification, allows 
analyzing stability of different schemes of control, 
ranging from constant time delay to variable, with or 
without transformation of dispersion, and with or without 
position tracking. 

The work presented here is a continuation of the 
method of design and control presented in [12], which is 
based on the development of the teleoperation system as 
a linear system of order n in state space, the control signal 
allows the remote manipulator follow to the local 
manipulator through the state convergence even if it has a 
delay in the communication channel. 

The objective of this work is to develop the bilateral 
control of a nonlinear teleoperator system with constant 
delay, it is proposed a control strategy for state 
convergence applied to nonlinear systems. 

2. NONLINEAR SYSTEM OF STATE CONVERGENCE 

 
The local and remote manipulator robot are modeled 

by Lagrange - Euler formulation as a couple of serial links 
serial of n degrees of freedom with rotational joint. 

      hlclllllllll FqgqqqCqqM   , 
      ercrrrrrrrrr FqgqqqCqqM   , 

Where n
iii Rqqq ,,  correspond to the acceleration, 

speed and position of the joint i = {l, r} 
 
l→ local manipulator robot 
r→ remote manipulator robot 
 

  nn
ii RqM   Inertia matrix 

  nn
iii RqqC , Coriolis and centrifugal forces matrices 

  n
ii Rqg   Gravitational forces vector 

n
ic R  Signal control torques 

n
h RF   Human operator interaction force 

n
e RF   Environment interaction force 

 
In the block diagram of the teleoperator system, Fig. 1, 

the dynamics of the local and remote manipulator is 
given by Eq. (1). It is presumed that the interaction of the 
human operator with the local handle is a constant force 
in the following way [13]: 

 oph FF  Constant vector nR 

The interaction of the environment with the remote 
manipulator is considered passive. 

 reree qBqKF  

Ke, Be are definite positive matrix nnR   

We proposed the control law Eq. (4) [14], as show in 
Fig. 1 this control law is the compensation of 
gravitational forces, so that the control torques ic are 
given by: 

   rrrrcllllc qgqg        , 

Replacing Eq. (4) in Eq. (1) yields: 

   
    FqqqCqqM

FqqqCqqM

rrrrrrrr

opllllllll












,

,


Consider the local and remote manipulator Eq. (1) 
connected via a communication channel with a constant 
delay, T, as show in Fig.1. 

 

ll qq    

rr qq    

 
Figure 1.  Block diagram of nonlinear control of teleoperation system 

considering delay. 

Consider the control algorithm for state convergence 
for the non-linear case, the coupling torque for the local 
and remote manipulator is given by: 

   TtqRTtqRqKqK rlrllllll  
2121 

     TtFGTtqRTtqRqKqK oplrlrrrrrr  22121
 

Where: 

       21212121 ,,, rrrrrrllllll RRRKKKRRRKKK  

Where: Kl1, Kl2, Rl1, Rl2, Kr1, Kr2, Rr1 and Rr2 are order 
nxn matrices constant diagonal positive definite. G2 is a 
constant. 

The equilibrium points of the position of local and 

remote manipulator are defined as 
n

l Rq  y 
n

r Rq   then 
by using Eq. (2), Eq. (3), Eq. (5) and Eq. (6). 

  reoplrrr

rlllop

qKTtFGqRqK

qRqKF





11

11

0

0
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Defining new position variables: 

      llllll qqtqqtqtq  ~~


      rrrrrr qqtqqtqtq  ~~


Replacing Eq. (6), Eq. (8) and Eq. (9) in Eq. (5), the 
dynamics of bilateral teleoperation in closed-loop system 
is given by:  

   TtqRqKTtqRqKqCqM rlllrlllllll   ~~~~~~
2211 

    rerelrrrlrrrrrrr qBqKTtqRqKTtqRqKqCqM  ~~~~~~~~
2211 

 

Theorem 2.1: 

 
For the bilateral teleoperation system given by Eq. 

(10), making the following considerations 

121121

121121

2      ,     ,3      ,

2      ,     ,3      ,

KRKRKKKR

KRKKKKKK

rrrl

lrll


 

Where:  K1 and K are positive definite constant 
diagonal matrices.  

If the following is satisfied: 

0
22

     ,0
22 1

2
2

1

2

2
1

1  K
T

KKK
T

KK





 

Where 1, 2 and T are scalar constants, then 
 

0~lim~lim~lim~lim   rtltrtlt qqqq   

 
Reflection Static Force 

 
Consider the non-linear teleoperator system described 

by Eq. (5) and the control law given by Eq. (6) for the 
range of control given by Eq. (12), you have the 
following: 

rlllop qRqKF 110  

Where KRKK ll  11      , , KRKK rr  11      ,  

 rlop qqKF  

oplrrre FGqRqKF 2110  

  oprle FGqqKF 20  

 21 G

F
F e

op 
 

Local-Remote Manipulator Position Coordination 

 
If 0 eop FF  , Eq. (13) and Eq. (14) can be written as 

0 rl qq . 

This implies that the equilibrium points of the local 
and remote manipulator are identical. Then, the position 
coordination error      tqtqtq rl ~  

 
Tends to zero like 

       0lim~lim   tqtqtq rltt 

Then, there is positions coordination between the local 
and remote manipulator. 

3. SIMULATION 

 
Control law Eq. (4) and Eq. (6) applied to the 

dynamics of the teleoperation system Eq. (1) have been 
simulated using MatlabTM and Simulink®. As local 
manipulator we use a PHANTOM Omni®, haptic device 
of Sensable Technologies.  As remote manipulator will 
use a planar serial arm of three degrees of freedom, 
actuated by DC motors [20]: 

       
        eerrrrrrrrrrr

oplclllllllllll

FqfqgqqqCqqM

FqfqgqqqCqqM












,

, 

  nRqf   It is a static model of joints friction, defined 

by [14]: 

     

































3

2

1

05.000

005.00

0005.0

q

q

q

qfqfqf rrll










All the simulations have been realized using a 
communication channel time delay of the T = 0.5 s.  

The inertia matrix Mr, the coriolis and centrifugal 
forces matrix Cr, the force of gravity matrix gr of remote 
manipulator are defined by: 

 




















































3

2

1

333231

232221

131211

333231

232221

131211

    ,

g

g

g

g

CCC

CCC

CCC

C

MMM

MMM

MMM

M

r

rr 

Where: 
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0

cossin739.0sincos739.0

sin6409.1sincos739.0cossin739.0

0     ,0

sin01588.0

2sin01588.0

0

0014037.0

0014037.0

012801.0

0014037.0

cos01588.0012801.0

cos03176.0045879.0

3

21212

121211
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Considering the gains K y K1 in Eq. (13) as: 



































1500

0590

0079

     ,

1000

0300

0040

1 KK



The controller parameters Kl1, Kl2, Kr1, Kr2, Rl1, Rl2, Rr1 
and Rr2 they are determined by Eq. (12), in addition G = 
1. 

Simulations have been carried out considering that the 
case in which the remote manipulator does not interact 
with the environment and the case when there is 
interaction with the environment. In order to assess the 
stability of the contact, in simulations, is considered a 
soft environment modeled by means of a spring -damper 
system, with the spring and damper gains as: 

msNBmNK ee 


































100

010

001

     ,

2500

0250

0025


 
Figure 2.  Force (torque) applied by the human operator. 

Fig. 2 show the force (torque) applied by the human 
operator to the local manipulator. 

 

Without Environment Interaction 

 
Fig. 3 and Fig. 4 show the joints positions of the local 

and remote manipulator. From simulations can be show 
that is guaranteed stability for the considered time-delay. 

 

 
Figure 3.  Joint 1 angles position of local and remote manipulator (rad) 

Vs. Time (s). 

 
Figure 4.  Joint 2 angles position of local and remote manipulator (rad) 

Vs. Time (s). 

Environment Interaction 

 
Fig. 5 and Fig. 6 show the joints positions of the local 

and remote manipulator. 
 

 
Figure 5.  Joint 1 angles position of local and remote manipulator (rad) 

Vs. Time (s). 
 

In Fig.4 and Fig. 5 it can be observed how the local 
and remote position coordination is achieved. In this case, 
the remote manipulator does not interact with 
environment and the operator force is negligible (0 – 4 
sec and 7-40 sec). 
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Figure 6.  Joint 2 angles position of local and remote manipulator (rad) 

Vs. Time (s). 

It can be clearly seen that the control scheme proposed 
renders a stable behavior of the teleoperator system during 
the interaction with environments and also provides it 
with good position tracking capabilities of trajectories in 
free space motion. 

4. EXPERIMENTAL SETUP 

 
The experimental test of the Teleoperation system has 

been developed, as shown in Fig. 7.  

 
Figure 7.  A real-time experimental setup for Teleoperation System. 

The elements of the experimental setup are described 
below. 

 

Local Manipulator 

Local side uses a haptic device PHANTOM Omni® 
from SensAble Technologies as local manipulator. 
 

Remote Manipulator 

Remote manipulator is three degrees of freedom 
planar serial manipulator, Fig. 8. One of the main 
disadvantages of serials with electrical actuators robots is 
their relationship load vs. weight. Because of this a robot 
designed is one that the motors are located at the base. 
For this reason the arm is implemented with a series of 
transmissions leading the movement to each of the joints. 
Transmissions are performed using bearings and toothed 

belts polyurethane with steel fibers which provide the 
Sync feature which is essential for the control of the robot 
[20]. The material used for the manufacture of the links 
in the arm is stainless steel, aluminum has been 
considered for other elements. The developed mechanical 
structure is compact and lightweight. 

 

 
Figure 8.  Remote Manipulator Structure. 

Motion Control Board EPOS 24/1 

The actuator system consists of the electric brushless 
DC motors and power drivers EPOS 24/1.Because there 
are multiple devices EPOS, the CANopen Protocol is 
used. Has developed the drives for the management of the 
operations of the remote manipulator: send/reception of 
position, speed, acceleration and current data through a 
CAN network. 
 

Embedded Controller:  PC104 Board 

The TS-5600 is a compact, single Board Computer 
with all the features of a compatible computer, based on 
the AMD Elan520 processor, at 133 MHz frequency.   

The PC support allows rapid development, because 
you can use tools based on DOS and Linux Operating 
Systems and QNX Embedded Real-Time Operating 
Systems. 
 

Internet Communications 

Two transport protocols usually applied to the 
development of networked robot applications, one which 
is packet oriented (User Datagram Protocol, UDP) and 
the other which is stream oriented (Transport Control 
Protocol, TCP). 

TCP/IP networking was designed to work over highly 
unpredictable and unreliable communication channels. 

The TCP protocol is defined as a reliable protocol 
while the UDP protocol is defined as unreliable [21]. 
TCP is suitable for applications that require guaranteed 
delivery (e.g., static data transfer), where delay is not of 
the first concern, but accurate and complete reception 
may be the more important thing [22]. 

On the other hand, the User Datagram Protocol (UDP) 
is connectionless. Data is sent in packets, there is no error 
correction or detection above the network layer and there 
is no handshake. UDP supplies minimized transmission 
delay by omitting the connection setup process, 
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acknowledgement, and retransmission [22]. UDP is 
commonly applied to the transmission of low level 
commands. These commands are related to low-level 
control robot movements which demand different 
network requirements. 

In this control systems implementation, the UDP 
protocol will be used. Because, it is better suited 
structurally to the control problem and is much simpler to 
use. Coupled with a reliable link layer, it should be 
appropriate for control of teleoperation system. 

5. CONCLUSIONS 

 
We have shown in this paper that it is possible to 

control a bilateral teleoperator system with the proposed 
framework state convergence. The method is based on 
the state space formulation and it allows the remote 
manipulator to follow the local manipulator through state 
convergence. 

This paper has presented the study of bilateral control 
of the nonlinear teleoperator system when the passivity of 
the human operator is not guaranteed. Specifically, we 
considered the case when the human operator applies a 
constant force on the local manipulator and the 
interaction of the remote manipulator with the 
environment is considered to be passive, and is modeled 
as a spring damper system. 

Considering a  constant delay, when the local and 
remote manipulator are coupled using proposed 
framework, developed analysis shows the stability of the 
nonlinear teleoperation system both local and remote, and 
position coordination. The range of the corresponding 
proportional gains was established using Lyapunov 
analysis. 

We performed some simulations that validate the 
theoretical results of this paper.  

Implemented structure will allow and facilitate 
implementation of proposed nonlinear state convergence 
control in real-time for teleoperated system in the 
presence of delays in communication. 

Experimental results are currently under way and will 
be reported in the near future. 
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ABSTRACT 

The paper is dealing with some new phenomena on Internet 

caused by the fact that there has been growing interest and 

popularity of the social networks where the users provide very 

often also their personal and other sensitive data that under 

other conditions and circumstances are objects of various 

degrees of personal data protection, security and privacy. The 

CONSENT project has been a reaction of the EU and the EC 

towards these new development processes on Internet as a 

typical and modern component of the modern information 

society and has been searching for adequate solutions. In the 

following parts of this paper we are presenting some of the main 

preliminary results as achieved under the CONSENT project 

especially in the conditions of the Slovak Republic as one of the 

participating countries and the main object of our research at the 

above faculty and university. As the methodology of our 

research has been concerned it’s mainly based on the analyses 

of various SN/UGC, interview, questionnaires with the services 

providers as well as SN/UGC users, etc. . 

 

Keywords: SN - Social Network, UGC – User Generated 

Content,  Security on Internet, EU/SSH/7FP CONSENT Project 

on Social Networks, personal data,.      

1. INTRODUCTION  

Since the adoption of the Lisbon strategy on e-Europe in year 

2000 on the future EU as a (originally the most advanced and 

later on being this dropped out) ) knowledge based economy 

and information society with the Internet to be serving as the 

main backbone of the entire strategy it has been clear that one 

of the main tasks in this respect in addition to various other 

equally important ones has been also the task on e-Inclusion  i.e. 

how to bring Internet to the real and direct utilization by the 

people in order they could use it for their own needs in the daily 

life. 

In support of these objectives have been prepared and launched 

various strategic and supporting initiatives like a cheap Internet, 

fast Internet based on broadband communication, mobile 

Internet, wireless Internet and so on and so forth. All of them 

have brought Internet closer to the people and to more frequent 

utilization but there was still missing something that would have 

made Internet really and truly the part of the daily life for 

people. Although through the years since the adoption of the 

Lisbon strategy there has been still and ever growing offer of 

various services that have been making the utilization of 

|Internet more and more attractive for its users there still has 

been missing something what would have really been 

corresponding to the real interest of its users. 

And finally as in many times before in history of the modern 

information  and communication technologies, the real 

breakthrough in this respect has come up not as result  of any 

official strategy or initiative of international or national official 

institutions or globally recognized MNC – multinational 

corporations and/or TNC – transnational corporations. But 

again as with the PC - personal computers, Microsoft software,  

Word wide web, etc.. and many other similar revolutionary 

inventions in ICT it has come up from the inventions of young 

entrepreneurs,  in this case from a young American student M. 

Zuckerberg who come up with the idea of the so-called social 

network in the form of his Facebook. It is  a social network 

service and website launched in February 2004 and has been 

since its foundation  privately owned and operated by 

Facebook, Inc..  

In less than eight  years since its start of operations it has 

become enormously and extremely popular not only in the 

country of its origination i.e. in the USA but also in all the 

world and has really very soon become the most popular 

computer and web application on Internet worldwide beating all 

various records regarding not only numbers of users, number of 

hours being spent on Facebook daily, number of messages to be 

sent, discussions forums, etc. As of January 2011, Facebook has 

more than 600 million active users. Users may create a personal 

profile, add other users as friends and exchange messages, 

including automatic notifications when they update their profile. 

Additionally, users may join common interest user groups, 

organized by workplace, school, or college, or other 

characteristics. A January 2009 Compete.com study ranked 

Facebook as the most used social network service by worldwide 

monthly active users, followed by MySpace etc. [1] 

It is clear that such a phenomenal success could not be left 

alone and so very soon many more social network have 

followed the success story of the Facebook and so already now 

there are at disposal tens and hundreds of the clones of the 

Facebook in the form of various other  social networks and/or as 

it used to be called also the UGC - user generated content. 

Equally understandable is also the fact that also the official 

institutions could not be left intact from this new phenomena on 

Internet and so the content of the Facebook and all various other 

social network has become a world wide platform also for 

presentation of all various institutions, personalities, business 

entities, etc. Hence on the Facebook one could nowadays find 

not only millions of pages of ordinary people but also pages of 

the British royal family and H.M. the Queen, the Prime Minister 

of the Russian Federation, the Saudi Arabian King, Swedish 

King, Belgian royal family, Jordanian Queen, etc.  

It is quite logical that on the social networks nowadays one 

could find not only above coroneted and other heads of states 

and various other internationally recognized celebrities and also 

so-called „celebrities|“  in the positive or negative sense of that 

word but also all various most prestigious and important 

international organizations, institutions, entities etc. like: 

 the United Nations at the 

//www.facebook.com/pages/United-Nations 

the EU Institutions on Twitter and Facebook at 

//www.eeas.europa.eu/twitter 
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the EU also at //europa.eu/take-part/social-media as a 

Gateway to the EU on social networks  

the NATO at //www.facebook.com/pages/NATO-

Parliamentray-Assembly 

the Council of Europe at 

www.facebook.com/pages/Council-of-Europe 

and many more of various other similar international 

organizations, etc. 

Of course the Facebook and other social network have attracted 

the attention also of many important private, public, state and 

various other agencies, institutions, companies, etc. from 

business, public services, social affairs, culture, media, etc. The 

recent revolutionary activities in the Arab World like in Tunisia 

and Egypt have been to the large extent positively effected by 

social networks and as such finally they  led  to the 

overthrowing of their dictatorial governments, etc. They have 

been so successful also thanks to the widespread popularity and 

utilization of the social networks as the most of communications 

between and among demonstrators  have  been  carried out also 

through most popular social networks on Internet in addition to 

another  important phenomenon of the current Information 

society i.e. mobile phones. The communication within the 

particular countries as well as transmission     of the 

„experience“ from one such revolution in one country has been 

immediately directly communicated to other countries in the 

same region. Hence the spread of the ongoing revolution in the 

Arab World that started by a simple demonstration of a young 

student has led not only to the overthrowing of the government 

in Tunisia  but has further effected and successfully completed 

its mission already in Egypt and has been actively effecting 

further development already in numerous other countries of that 

region. From Tunisia it has spread to Egypt then to Libya, 

Bahrain, Yemen, and has effected already situation also in 

Jordan and Kuwait and it is still not clear how it will be moving 

further. To the large extent it is a direct effect of the popularity 

and strength of social networks as the main communication tool 

in this first ever „information“ based peoples‘ revolutions. One 

of the most important aspects in this respect and the basis of its 

success has been first of all also the fact that all those 

enormously strong communication tools and means through 

social networks are as the popular slogan says: „It is for free 

and it will be and/or remain so for ever!“ That is the main 

advantage of this new communication media in comparison 

with any other popular  media like mobile phones, etc. This 

facts only confirms again how popular but also strong the social 

networks have become and that all in a very short time period of 

only seven years since their invention by that American student 

M. Zuckerberg and his fellow students.  

In conclusion  we could only state that the social networks have 

become an integral part of the global social and public 

communication and a practical example how to bring people 

closer and/or directly into the very heart of the ongoing 

globalization on Internet. At  the same time They have become 

also not only an integral part of the information society that has 

been so precisely formulated among others also by  the EU 

Lisbon strategy on e-Europe and its information society. But 

only now thanks to totally independent  social networks it has 

become practically implemented and functioning. also in its one 

of the most important and key strategic objectives i.e. in 

achieving e-Inclusion for all parts and strata’s of the society. 

After all, more than current 700 million and still growing 

number of users just in case of Facebook has  been the best 

proof on the efficiency of their role in the wide scale and truly 

global e-Inclusion into the contemporary information  society. .  

2. THE EU/7FP/SSH/CONSENT PROJECT 

AS A RESPONSE OF THÉ EU/EC TO THÉ 

CHALLENGES OF SOCIAL NETWORKS 

As mentioned above, the EU reaction to this new phenomena on 

Internet has been quite and in this specific case relatively very 

swift and adequate in all respects. In addition to its own 

presence at several social networks as we have presented it at 

least very briefly among the above some examples of the 

international organizations  being on social networks, the EU 

has allocated also some funding within its 7Framework 

Program to the research in this new phenomena on Internet. 

Among them has been also this specific three year project 

funded by the EU within the so-called SSH – Social Science 

and Humanities in the years 2010-13 i.e. the CONSENT project 

i.e. Consumer Sentiment Regarding Privacy on User Generated 

Content (UGC) Services in the Digital Economy. The main 

objectives of this very up-to-date and in view of the above 

popularity of  social network also very important project have 

been according to the particular Project document as follows 

[2]: 

One of the key changes in societal trends and lifestyles 

witnessed over past few years has been the move on-line of 

many consumers and the way how they have become 

increasingly sophisticated in their media consumption habits. 

Have these recent changes to consumer and commercial 

practices developed in such a way that consumers are (in) 

voluntarily signing away their fundamental right to privacy? 

This project CONSENT seeks to examine how consumers 

behavior and commercial practices are changing the role of 

consent in the processing of personal data. While consumer 

consent is a fundamental value on which the European Market 

economy (i.e. the Internal market of the EU) is based, the way 

consumer consent is obtained is questionable in popular user-

generated (UGC) online services (including sites like MySpace, 

You Tube and Facebook), whose commercial access depends to 

the large extent on the disclosure by their users of  substantial 

amounts of personal data. There is an urgent need to study and 

analyze the changes in consumption behavior and consumer 

culture arising from the emergence of UGC online services and 

how contractual, commercial and technical practices and other 

factors affect consumer choice and attitudes towards personal 

privacy in the digital economy. CONSENT’s multidisciplinary 

team intends to carry out a status quo analysis of commercial 

practices, legal position and consumer attitudes, identifying 

criteria for fairness and best practices and then create a toolkit 

for policy makers and corporate counsel which will enable them 

to address problem identified in the analysis. CONSENT will 

advance the knowledge base that underpins the formulation and 

implementation of policies and corporate procedures in the area 

of privacy and consumer protection with a view to informing 

policy-making in the European Union and to contribute to the 

development of European research communities in these areas.“ 

In summary we could state that CONSENT project has been 

dealing with the UGC and/or social networks as an area that is 

bringing new issues and problems to the utilization of Internet 

by its various categories of users who in connection with their 

active participation in particular social network are becoming 

very liberal in dealing with their personal data and/or other data 

that otherwise are subjects of various rules and regulations for 

protection, confidentiality and privacy of the particular 

categories of data and/or information. Especially it is a  

consequence of that phenomenal success and popularity of the 

social networks that their users in their interest to become a part 

of that and so to be „IN“ are  to the large extent  ignoring and/or 
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overlooking any potential dangers related to their personal and 

other related sensitive data placed on the particular social 

network and thus also on Internet. 

3. SOME SO FAR ACHIEVED 

PRELIMINARY RESULTS FROM THÉ 

INITIAL SURVEYS AND ANALYSES OF 

SN/UGC UNDER THÉ CONSENT 

PROJECT 

As the project has been still only in its first year of practical 

implementation it is quite clear that also the so far achieved 

results have been corresponding to this early stage of its 

operations. In spite of that, the project has already achieved a lot 

of various important and significant results especially regarding 

the identification of this phenomenal new part of the Internet 

based systems of communications and utilization. The so far 

achieved results [3] could be at least briefly characterized as 

follows: 

- The project has been analyzing the social network (SN) 

and/or UGCs in all countries of the particular project 

consortium i.e. altogether in 13 member states of the EU 

according to the same criteria as adopted by the project.  

- The number of countries participating in the project 

consortium  represents almost  a half of all EU members 

and includes as so-called old member states so also NMS., 

Among them the big as well as  small and smallest member 

states so in this respect we could consider so far achieved 

results as sufficiently representative for the future needs of 

the EU institutions as it has been defined also in the above 

cited part of the project objectives 

- The consortium in view of the above consists of the 

following countries: the UK, Malta, Denmark, the 

Netherlands, Germany, Romania, the Czech Republic, 

Poland, Spain, Italy, France, Slovakia and Bulgaria 

- In all these countries an inventory of the most popular and 

utilized UGCs and/or SNs has been carried out as one of 

the first work packages and/or stages of the project work 

plan. In total it has been identified altogether 107 such 

UGCs and/or SN that have been further analyzed and 

evaluated according to some generally adopted criteria and 

characteristics 

- As for the types of the particular SNs and/or UGCs there 

are several categories of them. The first one has been 

represented by the universal and/or globally used ones such 

as Facebook, Twitter,, LinkedIn, MySpace, YouTube, 

Wikipedia, Xing, Classmates, Gays, Parsnip, Flickr, You 

Tube, Last.fm, Trip advisor, Yelp, My heritage, Second 

life, World of War craft, etc. Altogether 17 of them have 

been identified in practically all countries being included 

into our analysis.  

- The other category has been represented by such SN that 

are used in more than one country what is typical 

especially for countries with the same or similar languages 

like e.g. is the case of Slovakia and the Czech republic or 

Germany and Austria,  and also in case of Belgium and 

France and/or the Netherlands, etc. For example in  Czech 

and Slovakia it has been the case of „Spoluziaci“ (School 

mates) used in both countries although in national 

languages, etc.  

- The rest of identified and analyzed SNs and UGCs have  

been represented by various more or less national SNs 

and/or UGCs that in difference to the first category of the 

International ones have been available only in the national 

languages and/or some other selected language like e.g. 

English 

- As for some quantification, the survey has covered and/or 

identified according to the particular criteria the following 

numbers of such „national“  SNs and/or UGCs in the 

participating countries: Austria 8, Bulgaria 10, Czech 10, 

Denmark 8, France 7, Germany 13, Italy 10, Malta 1, the 

Netherlands 8, Poland 6, Romania 9, Slovakia 12, Spain 

10, UK 5:  

- As for the categorization by the general orientation and/or 

focus, there again have been identified various categories 

regarding e.g. friendship, partnership according various 

common interests, etc. But also dating, professional and/or 

business orientation, chatting, information and/or learning, 

jobs/employment seeking, music, movies and other cultural 

interests, hobbies and free time activities, but also sexual 

orientation, second life contacts, medically oriented, etc..  

This is just a brief list of some key findings regarding the initial 

survey of the particular 107 SNs and/or UGCs as identified and 

included into the particular research  under the CONSENT 

project. Even from this short list of them it is quite clear that the 

popularity of SN in general is not only due to their free 

accessibility but also for  their another important feature i.e. that 

their content and orientation is in practice not regulated by any 

rules and regulations. The content and orientation is created by 

people and/or users themselves. In principle it is just enough to 

find a group of people interested in the particular subject area 

and the given SN and/or UGC can start its operations and start 

to attract new and new users of the same community, interests, 

orientation, etc. This is very positive aspect in comparison with 

other domains on Internet that are more regulatory and/or 

restrictive. However, again as in various other areas of the 

similar democratic rules and regulations and/or better a self-

regulation there is also the other, opposite and thus also  less 

positive side of this modern way of utilization of Internet and 

particular SNs and UGCs.  

4. MAIN PROBLEMS OF SN/UGC  

SECURITY, PROTECTION AND 

PRIVACY ESPECIALLY OF PERSONAL 

AND OTHER SENSITIVE DATA AS 

STORED ON INTERNET  

As mentioned in the end of the previous part it is no surprise 

that SNs and UGCs have become so popular that currently over 

600 million people all over the globe have been users and active 

participants of them. And of course with a growing number 

practically every day so it is possible to state that at time of 

preparation of this paper their actual number could be by 

several millions more and in the time of its presentation at this 

conference it will be again much more again. Hence, we could 

state that practically already now almost every tenth person in 

the world has been in one or other way related to one or several 

of these numerous SNs and/or UGCs. 

However, this popularity and positive impact of them on the 

development of the contemporary modern information society 

on the very real grassroots levels has been bringing also the 

whole range of negatives and/or potential negatives. Especially 

it is so regarding overall security, protection and privacy 

especially regarding protection of personal data and of course 

also some other categories of sensitive data. Although most of 
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analyzed SNs and UGCs do not require any specific 

confirmation and/or authorization and verification of the real 

identity it is clear that in many cases it is quite possible to get 

himself/herself into – and voluntarily - a serious breach  of any 

even most elementary principles of the data protection, security, 

privacy, sensitivity, etc. As the popular slogan goes, once 

something has been hanged on and/or placed on Internet it 

cannot be taken from there at all.    

If we look again into the results of our preliminary investigation 

and analysis of the particular 107 SNs and/or UGCs [3] we may 

see that people with a big enthusiasm place into them  even 

their  most sensitive or privacy data such as: 

- Full names and also maiden name, nick names, etc. 

- Signature but also new signature 

- date of birth 

- tender, my personality 

- sexual orientation, popular sex position (?!), popular sex 

place, my private zones, intimate activities, intimacies, 

whom I am looking for, etc. 

- full addresses, address of my employer, where I live,  

- telephone, fax, mobile phone  numbers 

- e-mail and other addresses 

- self-description, height/weight, eye color, bio description, 

body shape, body description, piercing and where on body, 

tattoo and where on body 

-  handicaps, addictions,  

- Religion, religion beliefs 

- Political, ideological orientation 

- Profession, work, work experience, education, employer, 

position in employment   

- Ethnicity, languages,  

- Marriage status, family, children, partner, desired partner, 

- Friends, neighborhood, where I live (flat, house, etc.), 

groups I am member of, affiliated persons 

- Happy when, scared of 

- Honors, awards 

- Owner of car, house, flat, garden, etc. 

- Hobbies and favorites of food, what kind of food, exotic 

food, books, videos, movies, singers, actors, sport, car, 

teacher, software, etc. 

- Who are my friends,  

- Photos, photo albums, videos, family members photos, etc. 

Even this relatively short list of characteristics that are expected 

to be filled in and/or responded by a member of the particular 

SNs or UGCs it is quite understandable that in case that users 

are really giving this kind of information  in the good belief that 

it will help them to find a job or a life partner, a true friend, etc. 

then we could say  that people are willing to share with the 

relative unknown community of strange people in many cases 

the most intimate information. The most intimate information 

regarding their sexual life, their desires, their mental status or 

body features, their handicaps, etc. In many cases it could be 

assumed that if somebody would have submitted them such a 

questionnaire to be filled in even for the specific purpose, they 

would have rejected that as inappropriate or to invasion, etc. 

But in case of Internet as a main medium in general and SNs 

and UGCs in particular they are loosing any restrictions in this 

respect and are willing to share such the most  private and 

sensitive data with at that moment totally unknown recipients of 

such information. Although every SN and UGC contains also a 

statement and instruction that some data could only be made 

visible to nobody  and not to anybody and some other have to 

be hidden, but… As we have already stated above, Internet is a 

medium where  in many cases is not so easy  to control  its 

content in full and/or to protect against any unauthorized access 

or misuse.  

It is then really no surprise that in addition to many positives 

that SNs and UGCs are bringing for the progress in the 

development of the truly and fully information society in the 

contemporary world, at the same time it is also a very good 

platform that creates almost ideal conditions for  any kind of 

fraudulent use or better  a misuse of the available data. So far 

we could list at least the most common and most frequently 

happening  cases related to that enormous amount of readily 

available especially personal data: 

- Unwanted soliciting and marketing and propagation of 

various services, products, advertisements, etc. Not 

excluding also such that otherwise could not be propaganda 

in such a massive way and to so many people  

- Various offers of  fictions and otherwise clandestine jobs, 

activities, etc. that are based just on the misuse of the 

particular personal data and interests as placed on Internet 

and into the particular SNs or UGCs 

- Typical otherwise  fraudulent businesses or commercial 

activities and Internet based e-commerce, e-sales, e-

shopping that are again misusing the available personal 

data and various interests of people who placed them into 

various social networks,  

- Spreading of pornography, sex trade, various forms of 

sexual abuse including  those of minors, children, 

youngsters etc., especially regarding a relatively easy 

misuse of their photos, photo albums, videos, etc.  

- Distribution of various other forms of  information  that 

otherwise are by the most of people considered as their 

most private and sensitive personal data like those 

regarding their sexual orientation, sexual habits, practices, 

etc. 

There are of course existing also many positive examples that 

on the basis of the particular and wide variety of personal data 

are helping to their „owners“ e.g.: 

-  To find otherwise hardly to be found  jobs exactly 

corresponding to their expectations, qualifications and 

preferences. In this respect many „brain hunters“ are using 

data on SNs and UGCs as one of their most effective 

„hunting“ space 

- Equally there are many positive examples that the same 

personal data have helped to their owners to find their new 

friends, partners, etc. exactly according to their specific 

interests, hobbies, free time activities, etc. 

- Especially for many young people it is nowadays one of 

the most popular ways and means  how to searching and 

dating their future sole mates and even life partners for 

living together or for future marriages 
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- The very latest positive impact of  communications through 

SNs and UGCs has been the ongoing process of 

„revolutions“ in the Arab world .that has already led to the 

overthrowing of several long-year dictatorships and some 

other have been in progress mainly thanks to the wide, 

active and intensive communications between their 

organizers and all that not only on the national but also 

cross-border and international levels.  

- In this connection it is important to mention also another 

important fact. The particular communications through SNs 

and UGCs are not only helping to the organizers and all 

participants but also to the communications with the 

outside world, world media, etc. So one could say that 

these very unexpected and so strong protests are running 

almost in the live, direct transmissions and under the real 

time monitoring. That is one of the most strongest factors 

of the entire this revolutionary movement in the Arab 

world as even the most brutal or oppressive dictator cannot 

for long and absolutely ignore the world opinion, related 

pressure and other important impacts coming from the 

outside world. That all happening  even in case when other 

official communication channels are restricted, jammed, 

etc. 

- It is then no surprise that the current people’s movement 

and/or revolutions in the Arab world are often already 

dubbed as first ever e-revolutions through SNs and UGCs 

and it is almost for sure that the Arab region is in this 

respect the very first one but definitely not the last one and 

their example will positively effect also other countries in 

the region but also globally in the rest of the world.    

All these and many other benefits but of course also negatives 

are of course not limited to only one country and/or one  of  

languages but as we have already mentioned it above, many of 

the analyzed 107 SNs and UGCs have been offering possible 

communications also in several more or  many more countries 

worldwide i.e. on the very  truly and fully global scale. 

5. MAIN CONCLUSIONS AND 

RECOMMENDATIONS 

 In conclusion we would like to summarize at least very briefly  

some main findings of our ongoing research under the 

EU/7FP/CONSENT project. The one of the most important 

findings is the fact that through the existing SNs and UGCs the 

current stage of the development of the modern contemporary 

Information society has got a very strong and efficient tool and 

instrument how to bring the political and theoretical statements 

and strategies on Information society to the practical reality.  

An other important conclusion is that SNs and UGCs are results 

of no specific top down going political decisions or strategies 

but it is a typical example of the grassroots initiatives of some 

young entrepreneurs who managed to offer in SNs and UGCs 

the tool that has become from the very beginning very popular 

for all walks of life. In addition to  many benefits as we have 

tried to present them in the previous parts of this paper there are 

existing also some very serious negatives especially regarding 

the potential misuse of  personal and other sensitive data. 

In the future proceeding in our ongoing research within the 

CONSENT project it will be necessary to prepare for the EU 

authorities some conclusions and recommendations that could 

help them to find the ways and means how to achieve some 

kind of policies and/or regulations that would prevent the 

misuse of  the personal and other sensitive data through the 

particular regulatory measures while at the same time to 

preserve, protect and enhance the unique character of SNs and 

UGCs as such.    
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ABSTRACT 

In this paper, we show two methodologies for generating 
entropy-based behavior profiles of LAN traffic. Fast 
detection of intrusions caused by port scanning and worm 
attacks can be reached through the rate remnant elements 
at the packet-level, as well as the three-dimensional 
spaces of entropy at the flow-level. The profile was 
generated on LAN traffic of a campus by using empirical 
analysis.  

 

Keywords: Intrusion detection, traffic profiling, entropy, 
and network worms. 

1. INTRODUCTION 

Network Intrusion Detection Systems [1], or NIDSs, have 
become an important component for detecting attacks 
against complex information systems. However, they 
offer only a limited defense. For instance, a signature-
based NIDS (S-NIDS) monitors packets on the network 
and compares them against a database of signatures or 
attributes from known malicious threats. A weakness of 
this type of NIDS is that there will always be a lag 
between a new threat being discovered and the signature 
for detecting that threat being applied to the NIDS. 
During that lag time the NIDS would be unable to detect 
the new threat. 
A second type of NIDS is the anomaly-based NIDS (A-
NIDS), which monitors network traffic and compares it 
against an established baseline, [2]. The baseline helps to 
identify what is a normal behavior for that network. If a 
deviation from the established baseline reaches a specified 
threshold, an alarm is generated. Therefore, anomaly 
detection techniques have the potential to detect new and 
unforeseen types of attacks. Typical A-NIDSs employ 
algorithms that focus primarily on changes in the traffic 
volume at specific points on the network, and promptly 
alert the operator of a sudden increase. However, such 
systems can be evaded through sophisticated attacks that 
focus on compromising significant hosts, causing them a 
collapse of memory or CPU and maintaining a level of 
traffic within the normal threshold. 

Currently, new generation of A-NIDS has emerged, which 
focus on gaining knowledge in the structure and 
composition of the traffic and not just its volume. Such 
systems are based on the fact that the malicious activities 
affect the natural randomness of the network, e.g., they 
change significantly the entropy of the network [4, 5]. The 
composition of traffic is related to its probability 
distribution, and can be characterized by its entropy; a 
malicious activity changes that composition and shape of 
the distribution. Thus, its entropy is changed. By means of 
entropy measures to a set of traffic features, we can 
establish the profiles of normal activity of the network 
and determine intrusions to the system. 
This paper presents an analysis at the packet and the flow 
level on traces obtained through measurements conducted 
in a campus network under real attacks of the Blaster [6] 
and Sasser [7] worms, as well as a port scan attack to the 
proxy server of that network. The captured traces during a 
week of normal operation, helped to develop a profile of 
normal behavior that is useful to be compared to attack 
conditions. 
 
The paper is organized as follows. In section 2, we 
present our profiling approach and the context of this 
paper. Section 3 describes the test environment; section 4 
and 5 explain the methodology: the rate of remnant items 
and spaces of entropy and results.  Section 6 gives 
concluding remarks. 

2. BACKGROUND 

As we discussed in the introduction, there are two types of 
NIDS, S-NIDS and A-NIDS. The last one is based on 
anomaly behavior detection. A-NIDS can outperform S-
NIDS performance because of the first one is able to 
detect zero-day attacks. There are different approaches to 
implement an A-NIDS. One of them is based on entropy. 
Entropy helps to describe random processes. Network 
traffic can be modeled as a random process. Each random 
process is characterized by a probability function. If we 
are able to determine the probability function of the traffic 
network, we are able to apply entropy analysis.  
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Entropy analysis gives us several advantages. One of 
them is related to traffic that has been previously sampled. 
Entropy is not fully affected by the sampling process, so 
the traffic analysis can preserve its main features [8]. In 
addition, we can tune a window-time size to obtain 
accurate measures of the network traffic behavior. 
Literature suggest to use normally 0.5t = s for short time 
periods or 60t = s for long time periods and it allows to 
detect anomalies that can be hidden in the network 
traffic[9]. The window-time can be treated as static or 
dynamic. The first one means that each window-time is 
not overlapped while the last one is moved when a new 
packet arises. Dynamic window-time allows computing 
entropy on-the-fly and it help to obtain accurate measures 
[10]. These approaches can be mixed with two types of 
classification of traffic, packet-treatment or flow-
treatment. The former refers to obtain each feature for 
each packet. Then, such set of features are used to 
compute the entropy. Flow-treatment is related to classify 
each feature according to a feature key.  A flow-packet is 
a set of unidirectional packet sequences that have 
common values on each header packet [11]. When the 
flows have been constructed, each flow is classified 
according to a chosen feature key. 

Even though packet-treatment seems the most accurate, it 
is not recommended for networks with high volume of 
traffic. Instead of packet-treatment, flow-treatment is 
suggested. The main advantage of flow-treatment is that 
the amount of data obtained is classified in such way that 
the relevant data are extracted, so the redundant data are 
discarded. 

The success of the techniques based on entropy depends 
mainly on how the traffic profile is characterized. A 
reliable network traffic profile will help to establish 
reliable threshold parameters that will allow detecting 
anomaly behavior with accuracy. It only will depend on 
its network traffic behavior and not by using external 
references as can be seen at S-NIDS. It is clear that a 
reliable network traffic profile should be free of 
anomalies. 

2. PROFILING APPROACH 

We propose two methods for the creation of profiles 
based on entropy. The analysis applies primarily to the 
packet-level for the method of the rate of remnant 
elements and to the flow-level for the spaces of entropy.  
Initially, there is a set of captured traffic traces 
corresponding to five days in typical working hours in an 
academic LAN. The traces have been inspected to be 
considered free of anomalies, so they may serve as a 
baseline. 
We use traffic features to build the profiles. A traffic 
feature is a field in a header of a packet (at the packet 
level) or a field in a five-tuple (at the flow level), 

respectively. Four fields will be used: source address 
(srcIP), destination address (dstIP), source port (srcPrt), 
and destination port (dstPrt). 
After the feature extraction, an essential part in the builder 
profile block is the measurement of entropy. For a 
discrete set of symbols { 1 2 3, , , , Ma a a aL } with 
probabilities ip , 1, 2, ,i M= L , the entropy of the 
discrete distribution of a random variable X associated, is 
a measure of randomness in the set of symbols and 
represented as   

2 2
1

( ) log , 0 ( ) logMAX

M

j j
j

H X p p H X H M
=

= − ≤ ≤ =∑
 

(1) 

The relative uncertainty (RU) provides a measure of 
variety or uniformity that is independent of the sample 
size. For a random variable X RU is defined as, [3], 

( ) , 0 ( ) 1
MAX

H X
HRU RU X= ≤ ≤ . (2) 

 ( ) 1RU X ≈ means that observed values of X are closer 
to being uniformly distributed, thus less distinguishable 
from each other, whereas ( ) 0RU X ≈ indicates that the 
distribution is highly concentrated. 
 

3. EXPERIMENTAL PLATFORM 

The worm propagation and port scanning were carried out 
on academic LAN which is subdivided into four subnets 
(192.168.1.0, 192.168.2.0, 192.168.4.0, and 
10.253.253.0). There are 100 hosts running Windows XP 
SP2 mainly. One router (192.168.1.1) connects the 
subnets with 10 Ethernet switches and 18 IEEE 802.11b/g 
wireless access points. The data rate of the core network 
is 100Mbps. A sector of the network is left vulnerable for 
worm propagation, with ten no Windows XP service pack 
installed at all (192.168.1.104 – 113). In the experiments 
Blaster and Sasser worms where released in the 
vulnerable sector. The scanning port attack was observed 
on the proxy server (192.168.4.253). 

3.1 Data-set and tools 

The benign traffic traces in typical work hours for a 
period of five days were labeled with a number from one 
to five. The anomalous traffic for port scanning attack 
was labeled as 6-P1. Blaster and Sasser worm attacks 
were labeled as 6-P2 and 6-P4, respectively. The data-set 
was collected by a network sniffer tool based on libpcap 
library used by tcpdump, [12]. All traces were cleaned to 
remove spurious data using plab, a platform for packet 
capture and analysis, [13]. Traces were split into segments 
using tracesplit which is a tool that belongs to Libtrace, 
[14]. The traffic-files in ASCII format suitable for 
MATLAB processing were created with ipsumdump, [15]. 
The flow generation was done with flowanalyzer, a tool 
based on perl and developed by us. 
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4. RATE OF REMNANT ELEMENTS 

Let χ  be a traffic trace divided into m non-overlapping 
slots, each one with duration dt t≤ . An i-slot is formed 
by iW  packets, where 1, 2, ,i m= L .  For each i-slot, four 
features are extracted in such way that we associate them 
with a value of r, namely 1r =  for source IP address, 

2r = for destination IP address, 3r =  for source TCP 
port, and 4r = for destination TCP port. Let S  be a 
finite sequence of 1r =  values or IP source addresses in a 
slot-i. This sequence with elements in an alphabet set A , 
is a function from {1,2, 3, , }AL to A for some 0A ≥ . 
The sequence S  is denoted by 1 2 3( , , , , )Wia a a aL , and 
the length of S is iW . The elements of S belong to an 
alphabet A with cardinality M A= . From A, a sorted set 

( ) ( ) ( )( )
1 2{ , , ...., }o o oo

MA a a a= is obtained. ( )oA has the M-
source IP addresses sorted by frequency in decreasing 
order. With the associated frequencies of A, we estimate a 
probability mass function (pmf) for a slot i 

( )( )ˆ , 1, 2, ...,o
j j j ip a f W j M= =  (3) 

where jf  computes the number of times where each ( )
1

oa  
arises in ( )oA .  jf satisfies 1 2 3 Mf f f f≥ ≥ ≥ ≥L . The set 

( )oA is transferred to an iterative process P to create l 
subsets of ( )oA , denoted as ( , )o kA , 1 k l≤ ≤ .This family 
of l subsets is shown in Eq. 4-6 and holds 

( )( , ) ( , 1)\ { }o
k

o k o kA A a+ =  

{ }( ) ( ,1) ( ) ( ) ( ) ( )
1 2 3, , , ..., M

o o o o o oA A a a a a= =  (4) 

{ }( , 2) ( ) ( ) ( ) ( )
2 3 4, , , , M

o o o o oA a a a a= L  (5) 

M   

{ }( , ) ( ) ( ) ( ) ( )
1 2, , , ..., M

o l o o o o
l l lA a a a a+ +=  (6) 

At the k-iteration, the relative uncertainty of ( , )o kA reaches 
a threshold β , i.e., ( , )( )o kRU A β> , we say that the 
iterative process P reached its latest iteration, and hence, 
k l= . An estimator of relative uncertainty for the ordered 
set ( , )o kA  in the k-iteration is defined in terms of its 
estimated pmf as: 

( )
( ) ( )

2
( , )

2

ˆ ˆ( ) log ( )

log ( )

M
o o

j jj j
o k j k

p a p a
RU A

M k
==

−

∑
. 

(7) 
 

Selecting a 1β ≈ , the resultant subset ( , )o lA  is closer to 
being uniformly distributed. Then, for a given β , and a 
number l of iterations carried out, it is possible to 
calculate the remnant r

iR  for a subset ( , )o lA . Generalizing 
this for an i-slot and a r-traffic feature we have the rate of 
remnant elements:  

( ) 1ˆwhen all ( ) ,

for 1

o
jjr

i
Mp aM

R
M l l

=
=

− ≥





 (8) 

In other words, r
iR is the cardinality of the subset ( , )o lA . 

We found that this feature under normal conditions 
presents regularities that allow creating behavioral traffic 

profiles. Table 1 summarizes the r
iR  behavior with 

0.95β = for our data-set.  

Through of mean, variance, the intensity factor ( 2σ µ ), 
and maximum value we can define a threshold for normal 
behavior of r

iR . For instance, by averaging the means of 
r
iR and its maximum values during benign traffic, we can 

define an average threshold of 28.5 with a maximum of 
114.8 units.  We denoted these thresholds for each r 
by 1( ) (28.5;114.8)iT R = , 2( ) (31.7;115.6)iT R = , 

3( ) (92.0;342.6)iT R = , and 4( ) (132.3;542.2)iT R = . 

Fig. 1 shows the patterns 1
iR and 2

iR  for benign traffic in 
Trace 5 and their variations are inside of standard 
behavior mentioned above. 

 
Fig. 1. Rate of remnants for (a) srcIP and  (b) dstIP for 
standard traffic in Trace 5 in typical work hours. 
( 60dt s= , and 0.95β = ) 
 
An anomaly related with a port scan attack directed to the 
proxy server was possible to detect it. It can be seen at the 
first slot where arose (i.e. i=2, 3) in trace 6-P1. The attack 
was carried out across a large number of TCP packets 
with source addresses supplanted. The growth of 1

iR is 
possible to observe in Fig. 2(a) and is far away 
from 1( ) (28.5;114.8)iT R = .  

r
iR patterns for worms attacks are presented in figures 

2(b) and 2(c). There is a significant increase in the amount 
of remnants for 3r =  for Blaster and Sasser Worm 
propagation. It is important to highlight that the anomaly 
detection is done from the earliest slots where the 
intrusion arises. 

 
Fig. 2. Rate of remnant for: (a) srcIP, under port scan 
attack using spoofed IP addresses which is observable in 
slots i=2 and i=3 on Trace 6-P1 (b) srcPrt during Blaster 
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Worm on Trace 6-P2. (c) srcPrt during Sasser Worm on 
Trace 6-P4. All cases 60dt s=  and 0.95β =  

5. THREE-DIMENSIONAL SPACES OF ENTROPY 

For each slot, the flows are stored on indexed text files. 
The traffic features applied for this technique are the 
flow’s fields. They are labeled as 1r =  for source IP 
address, 2r = for destination IP address, 3r =  for source 
TCP port, and 4r = for destination TCP port.  
Once that flows in an i-slot are generated, they should be 
clustered according to an r-flow feature. For a given i-
slot, each cluster is formed by flows under the same r  
field value, but leaving freedom for the rest of r  fields. 
For instance, taking 1r =  or key srcIP each cluster is 
formed by all the flows that contains the same source IP 
address field. It is regardless of the value on the rest of the 
fields 2, 3, 4r = . These are denoted as free-dimensions. 
The complete number of clusters will depend on the 
cardinality of the alphabet 1r

i
=A , where 1r

i
=A  is the 

alphabet of source IP addresses shown in slot i.  

Thus, each cluster has flows with the same source IP 
address, but the rest of features ( 2, 3, 4r = ) have freedom 
of variation. In this context, we can estimate the entropy 
for each 2, 3, 4r =  on each cluster.  

For each i-slot , the entropy estimation on free dimensions 
generates a cloud of data points in a 3-D Euclidean space, 
where the axis are srcPrt dstPrt dstIP

ˆ ˆ ˆ( , , )H H H for 1r = . The 
points, srcPrt dstPrt dstIP 1

ˆ ˆ ˆ( , , )H H H , srcPrt dstPrt dstIP 2
ˆ ˆ ˆ( , , )H H H ,… 

1
srcPrt dstPrt dstIP | |ˆ ˆ ˆ( , , ) r

iH H H =A  are plotted in the 3D-space. 
When we apply this procedure to the rest of cluster keys 
and all slots, we get four spaces of entropy. 

Fig. 3 show the spaces of entropy. First, in Fig. 3(a), we 
see the point pattern for Trace-1, which corresponds to 
normal traffic conditions being typical for Traces 1 - 5. 
Fig.3(b) and 3(c) show a marked difference regard to 
benign traffic, since the data points move away from 
positions typically observed. 

 
Fig. 3. Spaces of entropy for three srcIP cluster keys: (a) 
Traffic Trace -1 (benign traffic) in typical working hours. 
(b) Anomalous traffic, Trace 6-P2 (Blaster Worm) during 
38 min period. (c) Anomalous traffic, Trace 6-P4 (Sasser 
Worm) during 38 min period  

For a cluster key r, the characterization of entropy spaces 
under the vector 3r ∈X ¡   was performed by applying a 
technique of multivariable analysis. Such technique is the 
Principal Component Analysis. PCA provides a roadmap 
for how reduce a complex data-set to a lower 
dimension , 3r d d∈ ≤Z ¡ . It helps to reveal the hidden 
and simplified structure that often underlay on it. PCA is 
mathematically defined as an orthogonal linear 
transformation that converts the given data to a new 
coordinate system. This is done in such way that the 
greatest variance by any projection of the data lies on the 
first coordinate (called the first principal component, PCA 
1), the second greatest variance on the second coordinate, 
and so on, [16]. 

To obtain accurate analysis estimation, tools like Kernel 
Density Estimation (KDE) may be useful. This analysis 
was applied on data-points at the slot level on the PCA 1 
by using a Gaussian kernel of 200 points, with a 
bandwidth of 1/51.06h Jσ= , given by the Silverman’s 
criteria, where J is the number of observations and σ is 
the standard deviation of the set of  observations. KDE 
shows that the traffic slots have Gaussian bimodality 
behavior in its pdf. Each mode was labeled as principal 
mode and far mode respectively, as shown in Fig.4. 

Fig. 4a shows that the densities of PCA 1 in benign traffic 

Table 1. Values of mean, variance, and intensity factor for the rate of remnants 

Trace Mean Variance Intensity Factor 
srcIP dstIP srcPrt dstPrt srcIP dstIP srcPrt dstPrt srcIP dstIP srcPrt dstPrt 

1 29.1 33.1 103.5 136.5 328.2 377.5 4,502 8,818 11.29 11.42 43.5 64.61 

2 29.5 35.1 88.8 138.6 566.5 688.1 3,830 12,918 19.23 19.62 43.16 93.24 

3 31.1 33.0 96.2 141.7 497.9 595.2 4,598 11,972 15.99 18.06 47.78 84.51 

4 31.1 35.9 103.2 141.9 732.8 727.9 6,209 18,868 23.59 20.26 60.16 133 

5 21.5 21.5 69.0 102.88 277.8 351.1 3,208 9,191 12.94 16.33 46.5 89.3 

6-P1 14.5 16.6 76.1 74.5 145.1 166.8 4,916 4,958 10.0 10.05 64.6 66.53 

6-P2 27.9 19,618 3,107 1,005 3,464 6.2e07 1.7e06 4.3e04 12.42 3,209 549.7 43.24 

6-P4 3,149 5,214 3,045 2,243 97,058 1.2e06 2.4e05 2.4e05 310.9 237.5 90.14 111.24 
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traces present a clear regularity in their shapes. This 
pattern of behavior changes drastically for anomalous 
traffic traces, see Fig. 4b and Fig 4c.  

 
Fig. 4. Kernel density estimation for PCA1 for: (a) Traces 1-5 
(Benign Traffic), (b) Trace 6-P2 (Blaster attack), and (c) Trace 
6-P4 (Sasser attack) 

This procedure was applied to i-slot level for a given r-, 
feature. The transformed data points are denoted by r

iZ . 
Densities of r

iZ  under normal conditions presents 
bimodality, the second mode (far mode) is situated on the 
left side of the main mode, at an average of minus five 
units. On the other hand, the empirically calculated 
average variance of r

iZ  for benign traffic is three units. 

During analysis of the trace P1 was discovered that slots 
two and three had a variance of 0.32 and 0.74 units, 
respectively. These values are anomalous regards to the 
threshold of three units. Thus, an anomaly (Fig. 5a) was 
early detected in Trace 6-P1. The analysis of these traffic 
slots with Wireshark was able to identify a port scan 
attack.  

In another case, Fig. 5b shows the first three anomalous 
slots, where far mode moves away from the typical value.  
The far mode displace to 9− , 11−  and 13− units, 
representing an anomaly with regard to the threshold 
of 5− . This anomalous behavior in the far mode was 
caused by the spread of the Blaster worm.  

Similarly, the Sasser worm attack caused anomalous 
values in the variance of the transformed data-points, 
These anomalous values were close to 0.5 units. 

In all three cases studied, the attack leads to changes in 
traffic patterns that are detected from the first slots 
containing the malicious traffic. 

 
Fig. 5. Anomaly Detection on PCA1 (a) Anomaly caused 
by port scan detected in first slot in Trace 6-P1, (b) 
Anomaly caused by the Blaster worm that deviate the far 
mode out of the typical position 

6. CONCLUSIONS AND FUTURE WORK 

The generation of behavioral profiles based on entropy 
techniques offers an effective support for the Intrusion 
Detection Systems. The results of this study show that an 
A-NIDS employing generated profiles by the Rate of 
remnant elements or Three-Dimensional Spaces of 
Entropy methodologies can provide a rapid response for 
detecting deviations. It was performed against Blaster and 
Sasser worm-attacks as well as the port scanning, carried 
on in a campus network. The anomalies can be seen in the 
early slots where each attack arises.  

As a future work, we will investigate the effect on 
variation of the slot duration dt . Smaller values of slot 
duration represent faster response times, but also 
represent a smaller data set where to obtain representative 
traffic features. Finding the optimum value is an 
important objective design.  Finally, we will study how to 
apply the presented methodologies with new types of 
network attacks. 
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Abstract: Mobile ad hoc networks offer 

communication over a shared wireless channel 

without any pre-existing infrastructure. Threshold 

digital signatures are an important cryptographic 

tool used in most existing key management 

schemes for mobile ad hoc networks. This paper 

proposes a threshold-multisignature scheme 

designed specifically for mobile ad hoc networks. 

The signature scheme allows a subset of 

shareholders with threshold t, to sign an arbitrary 

message on behalf of the group. The group 

signature is publicly verifiable and allows any 

outsider to establish the identity of the individual 

signers. The paper proposes a self-certified public 

key issuing protocol that allows negotiation 

between a single entity and a distributed certificate 

authority for an implicit self-certified public key.  

Key words: Mobile ad hoc networks, security, pairwise 

key management, public key cryptography, self-

certified public keys, self-certificates, group-

oriented cryptography, threshold-multisignatures. 

 

1. INTRODUCTION 
 

Mobile ad hoc networks by definition differentiate 

themselves from existing networks by the fact that they 

do not rely on a fixed infrastructure [1] [2]. An ad hoc 

network of wireless nodes is a temporarily formed, 

spontaneous or unplanned network. Since it is created, 

operated and managed by the nodes themselves, ad hoc 

networks are solely dependent upon the cooperative and 

trusting nature of nodes [3]. The self-organized and 

infrastructure-less characteristics of mobile ad hoc 

networks make the design of feasible security 

mechanisms a challenging quest. Ad hoc network 

security research initially focused on secure routing 

protocols. All routing schemes however, neglect the 

crucial task of secure key management and assume pre-

existence and pre-sharing of secret and/or private/public 

key pairs [2]. This left key management considerations 

in the ad hoc network security field as an open research 

area. 

 

Fully self-organized ad hoc networks can be informally 

visualized as a group of strangers, people who have 

never met before, coming together for a common 

purpose. Since the network users are strangers, thus 

having no past relationships, the following issues can be 

identified: 

1) As these strangers have to get to know each other in 

order to establish trust between them, bootstrapping of 

trust is required in the security mechanisms that protect 

their interests. 

2) Nodes share no a priori keying material or a 

common offline trusted third party (TTP). With 

conventional public key infrastructure the offline TTP is 

responsible for the distribution of keying material 

(certificates) prior to network formation and can be 

seen as the root of trust or trust anchor [4]. Eliminating 

the need for an offline TTP or any a priori sharing of 

keying material, without making a security tradeoff, is 

the major challenge in providing key management 

services for ad hoc networks. 

3) The identities of the nodes prior to network 

formation are unknown and therefore may be 

considered to be random or chosen by the nodes 

themselves as they join the network. 

 

In ad hoc networks, to avoid a single point of 

vulnerability, the TTP has to be distributed [2]. The 

system secret is thus divided up into shares and securely 

stored by the entities forming the distributed 

cryptosystem. The main advantage of a distributed 

cryptosystem is that the secret is never computed, 

reconstructed, or stored in a single location, making the 

secret more difficult to compromise, which effectively 

enhances security [2] [5]. 

The principles of (n, t) threshold signature schemes and 

multisignature schemes are combined in schemes 

referred to as threshold-multisignature schemes [6] [7] 

or threshold signature schemes with traceability [8] [9] 

[10]. The threshold-multisignature schemes are based 

on variants of the generalized ElGamal signatures [11] 

[12]] extended to a multiparty setting. Threshold 

signature schemes with traceability guarantee the 

signature verifier that at least t members participated in 

the group signature and allow the signature verifier to 

establish the identities of the signers. Since individual 

signers are traceable they can be held accountable for 

their signatures. 

 

An important component of any threshold digital 

signature scheme is the sharing of the group key [13]. A 

threshold-multisignature scheme that is suitable for ad 

hoc networks would require a distributed group key 

generation protocol that effectively eliminates the need 

for a TTP acting as a key distribution center. The first 

distributed key generation protocol, for discrete-log 

based threshold cryptosystems, was introduced in [14] 

and later extended in [5] [15] [16]. 
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In threshold cryptosystems it is impractical to assume 

that an adversary cannot compromise more than t 

shareholders during the entire lifetime of the distributed 

secret [2] [17]. The secret share therefore has to be 

periodically updated to allow only a limited period T in 

which an active and mobile adversary must compromise 

a sufficient percentage of the shares in order to break 

the system [17]. Also assuming the same shareholders 

to be present at all times is unrealistic and the 

availability/security tradeoff (set by the total group 

members n and threshold t) may need to be changed as 

a function of system vulnerability, networking 

environment and current functionality of the 

cryptosystem. This is particularly true in mobile ad hoc 

networks where a node may move out of transmission 

range, turn off due to depleted batteries or be 

compromised due to poor physical security. The access 

structure 
),( tn

P  of the initial share distribution will thus 

not necessarily remain constant and will have to be 

redistributed to a new access structure 
)'',(

'

tn

P using a 

secret redistribution protocol [18] [19]. 

The main objective of this paper is to propose a key 

management scheme that is suitable for mobile ad hoc 

networks: the Ad Hoc Public Key Management 

(AdHocPKM) based on a threshold-multisignature . 

The proposed scheme allows a subset of shareholders 

with threshold t, to sign an arbitrary message on behalf 

of the group. The group signature is publicly verifiable 

and allows any outsider to establish the identity of the 

individual signers. Furthermore, the paper proposes a 

self-certified public key issuing protocol that allows 

negotiation between a single entity and a distributed 

certificate authority for an implicit self-certified public 

key. The resulting AdHocPKM integrates the 

advantages of distributed key generation, threshold-

multisignatures, self-certified public keying and self-

certificates to yield a secure, trustworthy key 

management service with a high availability feature. 

 

The paper is organized as follows: Section-2 a novel 

threshold-multisignature scheme suitable for ad hoc 

networks is presented. Comments on this proposal are 

given in Section-3. A proposed cryptographic key 

issuing protocol, threshold self-certified public keying, 

is introduced in Section-4.  

The proposed key management protocol, Ad Hoc Public 

Key Management (AdHocPKM) and the complete 

model of the system is the subject of another paper. 

Some conclusions are provided in Section-5. 

 

2. PROPOSED THRESHOLD 

MULTISIGNATURE SCHEME FOR 

MOBILE AD HOC NETWORKS 
 

In this section a new threshold-multisignature scheme 

without a trusted third party (TTP) is proposed. 

The scheme consists of the following parts (2.1-2.7). 

 

2.1 System parameter setup and individual self-

certificate generation 

 
The group members Pi, for i = 1: n agree on and publish 

the following system parameters: 

p, q Two large primes, such that q | (p  

g Generator of the cyclic subgroup of order q in 
*)( pZ . 

H(·) One-way hash function. 

(n, t)  Threshold parameter t and total number of 

group members n. 

T Threshold cryptosystem secret update period. 

 

In the case of no existing public key infrastructure 

(PKI) or any shared information between potential 

protocol participants, the following procedure is 

followed: Each group member Pi, for i = 1: n chooses a 

set of two random numbers (SKi, idi) R  Zq. Pi uses SKi 

as its private key and computes the corresponding 

public key as iSK

i gPK . Pi also uses idi to generate 

its public identity iid

i gID . Pi verifiably encrypts idi 

with its public key PKi using a public verifiable 

encryption scheme [15] [16], to generate )( iPK idE
i

. 

 

The main idea behind non-interactive verifiable 

encryption is that any outsider can perform a validity 

test which takes a public value (IDi) as input and allows 

a prover to verify that a cipher text ( )( iPK idE
i

) 

encrypts idi under a public key (PKi) such that (IDi, idi) 

 R, where R is a binary relationship ( iid

i gID ) 

[16]. 

 

Each Pi generates a self-certificate binding its identity 

IDi to its public key PKi. The self-certificate may be of 

the following structure: 
iPSelfCert  = 

iSKPS (IDi || 

)( iPK idE
i

 || PKi || IssueDate || CertPeriod || Ext). 

CertPeriod specifies the self-certificate validity period 

and Ext, optional additional extension information 

governed by the key issuing policy. 

Each Pi broadcasts its self-certificate to all jP  for j = 1: 

n, j i. 

 

Forged certificates will result in two or more certificates 

with the same identity. Assume a network participant 

receives two certificates with identity IDi. This 

constitutes proof that the identity was stolen by either 

one of the participants. By performing a validity test 

(which takes IDi, PKi and )( iPK idE
i

as inputs) any 

network participant can determine which one of the two 

certificates is authentic. If both validity tests yield a 

positive result then it can be concluded that the 

legitimate owner of IDi has been compromised and 

should reboot. 
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In the case of an existing PKI: Protocol participants Pi, 

for i = 1 : n are assumed to have a private key SKi and 

an authentic certificate, verifiable with the public key of 

a distributed online trusted third party. The certificate 

binds the public key iSK

i gPK  

IDi. The certificates are distributed to all 

communication entities jP , for j = 1: n, j i. 

 

2.2 Initial publicly verifiable distributed group key 

generation 

 

The publicly verifiable distributed group key generation 

scheme due to Zhang et al [16] is used to realize initial 

secret sharing of the group private key. The protocol is 

a secure, round optimal, initial secret sharing scheme to 

an access structure 
),( tn

P  without a TTP. Note that the 

setup phase has been changed for the case of no existing 

PKI or any shared information between potential 

protocol participants. In this case the system parameter 

setup phase is as given in Section-2.1. 

 

For each protocol participant Pi, the key generation 

scheme gives as output a share xi of the group private 

key xQ and the corresponding group public key

Qx

Q gy . Pi, i  Q is the subset of honest players 

after individual share verification. Each Pi can calculate 

its public key as ix

i gy and broadcasts the verifiably 

encrypted private key )( iPK xE
i

as commitment to yi. 

 

2.3 Individual signature generation 

 

Any subset of t or more members can represent the 

group and sign an arbitrary message m. Each member 

Pi, i  selects a random integer ki  [1 1] and 

computes ik

i gr  mod p. Each member verifiably 

encrypts ki with its own public key PKi using a 

verifiable encryption scheme [15] [16] to generate

)( iPK kE
i

. Each member broadcasts its ri and cipher 

text )( iPK kE
i

 to all other members. This implies that 

each member commits to its public value ri and 

provides a knowledge proof of its corresponding 

discrete logarithm, ki. 

 

After all committed ri R is 

calculated: 

i

irR mod p                                        (1) 

Each Pi uses public values yi and IDi to form the sets 

(IDi, yi), for i . Pi uses these sets to construct a 

Lagrange polynomial function h(y) as follows [9] [10]: 

i ijj ji

j

i
yy

yy
IDyh )()(

,

                          (2)       

Pi uses secret keys xi and ki to compute individual 

signature si on message m from the following equation: 

 i iii L · xk  h(y)) R,  H(m,  s mod q                   (3) 

 

Where the Lagrange interpolating coefficient  iL is 

given by: 

ikk ki

k
i

IDID

ID
L

,

 mod q               (4) 

 

The set (si, ri) is the individual signature of Pi on 

message m, which is broadcast to all other group 

members. 

 

Equation-3, which is used to calculate the individual 

signatures, is based on a variant of the ElGamal 

signature scheme. It can be shown that this variant is 

secure against forgery and more efficient to compute 

than the original ElGamal digital signature [11]. 

 

2.4  Individual signature verification 

 

Upon reception of all the signatures (si, ri), jP , j , 

performs the functionality of a clerk and uses the public 

key yi to authenticate the individual signature of Pi by 

verifying whether the following equation holds: 

 

ii
L

i

yhRmH

i

s
yrg

))(,,(
mod p            (5) 

 

If Equation-3 fails to hold, the individual signature for 

message m is invalid. Participants are disqualified if 

their individual signatures are found to be invalid. The 

remaining honest participants form the set  and 

repeat the individual signature generation part from 

Equation-1 in Section-2.3 with  = . 

 

2.5  Threshold signature generation 

 

After jP , j  has received and verified t or more 

individual signatures the group signature on message m 

can be obtained as (R, S) computed as: 

 

i

irR mod p                   (6) 

i

isS mod q    (7) 

 

The function h(y) is attached to (R, S) and can be used 

later to trace the signers who collaborated to generate 

the threshold signature (R, S) on message m. 
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2.6 Threshold signature verification 

 

Any outsider can use the group public key yQ to verify 

the validity of the group signature (R, S) for a message 

m by checking if the following equation holds: 

 

Q

yhRmHS yRg ))(,,(
mod p              (8) 

 

If Equation-8 holds, the group signature (R, S) for 

message m is valid. 

Proof: 

pyRg

pggg

qx))kH(m,R, h(yS

q) · L(x))kH(m,R, h(ys

 q (i  · L x y))k H(m,R, h( s

Q

))H(m,R, h(yS

x
))kH(m,R, h(y

S

Q

i

i

i

i

i

i

i

i

iii

Qi
i

mod

mod

mod

mod

mod

 

2.7  Signer identification 

 

Any outsider can determine the signers of the threshold 

signature (R, S) on message m by using member Pi

public values (IDi, yi) and solve the following equation: 

 

)( ii yhID                (9) 

 

If Equation-8 and Equation-9 hold, then IDi is a signer 

of the threshold signature (R, S) for a message m. 

 

3. DISCUSSION AND COMMENTS ON THE 

PROPOSED THRESHOLD-

MULTISIGNATURE SCHEME 
The proposed threshold-multisignature scheme is based 

on a variant of the ElGamal signature scheme [22] 

proposed by Yen et al [23] extended to a multiparty 

setting. The scheme can equally use any other secure 

and efficient signature generating variant of the 

ElGamal signature scheme. References [11] [12]] help 

in selecting such a variant. This implies that if an attack 

is found in future on the variant presented by Yen et al 

[23] used in the proposed threshold signature scheme, 

the variant can be replaced with a secure one. 

 

Since the proposed threshold-multisignature scheme is 

a natural extension of the Yen et al ElGamal variant to 

a group setting, the security analysis is equivalent to 

those in [11] [12]] [23] and other similar threshold 

signature schemes [6] [7] [9] [10]. The remainder of the 

section will only briefly consider some new attacks on 

similar schemes and special features of the proposed 

scheme. 

 

In [24], Wu et al present a universal forgery attack on 

the threshold signature scheme with traceable signers 

presented by Li et al in [9]. The attack allows 

adversaries to generate valid group signatures without 

detection. In [24] it is also argued that signers in [9] are 

in fact untraceable since the Lagrange polynomial 

function h(y) used to identify the signers is not bounded 

to the group signature (R, S) on message m. This also 

applies to the threshold signature scheme proposed by 

Wang et al [10]. A similar framing attack is reported by 

Wang et al in [39] on the threshold-multisignature 

signature scheme proposed by Li et al in [7]. 

 

The threshold-multisignature scheme proposed in this 

paper eliminates universal forgery or framing attacks by 

using a publicly verifiable distributed key generation 

(DKG) protocol [16] to construct the threshold 

cryptosystem and public verifiable encryption [15] [16] 

[21] to commit shareholders to their public values. 

Utilizing a DKG protocol also prevents adversaries 

from controlling the group secret key. Including the 

Lagrange polynomial function h(y) within the 

individual signatures (Equation-2, Section-2.3) binds 

h(y) to the threshold signature (R, S) on message m. 

Note that h(y) in contrast to [9] [10] cannot be 

manipulated without detection. By evaluating h(y) the 

identities of the signers are traceable by any outsider. 

 

A centralized combiner node is a specialized server 

which can be seen as a single point of vulnerability and 

should be distributed or replicated in ad hoc networks to 

ensure a correct combination [2]. The scheme proposed 

in this paper eliminates the need for a designated 

combiner/clerk as the construction of the threshold 

group signature is done by the shareholders themselves. 

This eliminates attacks relying on a corrupt clerk and 

mitigates the problem of ensuring the availability of a 

combiner node [2]. The scheme preserves the 

symmetric relationship between the shareholders by 

placing on each node the same computational, memory 

and communication overhead. 

 

4. PROPOSED THRESHOLD SELF-

CERTIFIED PUBLIC KEY ISSUING 

PROTOCOL 
In this section a self-certified public key generating 

protocol, threshold self-certified public keying, is 

proposed by modifying the scheme given in [20] to 

make it suitable for ad hoc networks. The modification 

allows negotiation for a self-certified public/private key 

pair between a distributed certificate authority (DCA) 

and a single entity (party A) in contrast to the 

centralized certificated authority used in [20]. The 

scheme also eliminates the need for a designated 

combiner node. 

 

In the proposed protocol a DCA and party A agree on an 

implicitly self-certified, public key for party A, without 

the DCA learning the corresponding private key. Party 

A then signs the self-certified public key yA and 

certificate information CIA to yield a self-certificate 

SelfCertA that provides yA with explicit authentication. 
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The DCA is constructed as explained in Section-2.1 and 

Section-2.2. 

 

The proposed protocol is as follows: 

1) Party A chooses a random number qR Za and 

identity IDA, computes 
a

A gr  and transmits a 

certification request (CertReq) containing (IDA, rA) to n 
servers forming the DCA. 

2) The DCA servers who received the certification 

request each prepares certification information CIA 

ion policy. For 

example, the DCA can use party A
identity, party A rA, certificate serial 

relevant extension information to yield: CIA = [IDA || 

IDDCA || rA || CertNo || IssueDate || CertPeriod || yDCA || 

Ext]. 

 

Each of the DCA servers computes the signature 

parameter, sA = h(CIA) and collaborate to generate a 

threshold-multisignature (R, S, h(y)) on sA as explained 

in Section-3. Each server Pi, i sends (si, ri), (R, S, 

h(y)), sA and CIA to party A, which securely store all 

information. 

3) Party A verifies the threshold-multisignature, (R, S, 

h(y)) on signature parameter, sA. Party A then computes 

the private key xA = sA + a. The tuple (rA, xA) can be seen 

as the signature of the DCA on the certification 

information CIA. Party A then calculates its 

corresponding public key using Equation-10: 

 

A

)h(CIx

A r · g  g  y AA              (10) 

 

4) Party A signs (CIA, (R, S, h(y)), yA) with its private 

key xA to generate the self-certificate of yA, with the 

following structure: SelfCertA = 
AxPS (CIA || (R, S, 

h(y)) || yA || UserIssueDate || Ext). 

 

Party A publishes SelfCertA, the signature of which can 

be verified using yA. The public key yA of A, can be 

publicly verified by checking that the signature (R, S, 

h(y)) on h(CIA) is correct and evaluating Equation-10. In 

the remainder of the text the proposed algorithm will be 

referred to as threshold self-certified public keying. 

 
4.1 Self-organized key renewal 

 

The key pair (xA, yA) is the basic public/private key pair 

obtained by party A via the self-certified public key 

issuing protocol as given above in Section-2. In the self-

certificate generation protocol due to Lee et al [25] 

users can renew their public/private key pair and self-

certificate to generate a renewed key pair ( A A ) and 

a renewed self certificate A = 
AxPS ' (CIA || (R, 

S, h(y)) || yA A ). This can 

also be referred to as self-organized key renewal. 

 

To make the user-controlled key renewal procedure as 

given in [25] compatible with the proposed self-

certified public key issuing protocol for a distributed 

certificate authority given in Section-5, the verification 

equation must be modified to the following: 

 

A

) r',h(CI

A

) r',)h(CIh(CI

A r'rg  y' AAAAA             (11) 

 

Discussion on self-organized key renewal: Important 

advantages of the key renewal scheme are given [25]: 

 

 Users can renew their own self-certified key 

pairs ( A A) without contacting the 

distributed certificate authority. 

 An adversary not knowing party A

key xA cannot forge a renewed key pair ( A, 

A ). 

 If the basic key pair (xA, yA) is not used for any 

encryption (real communication) and only for 

key renewal, it is not vulnerable to any 

shortcut public key encryption scheme attacks 

(for example the adaptive chosen message 

attack) [4]. 

 In the case of an adversary compromising A it 

is not possible for the adversary to gain any 

knowledge of any subsequent renewed key 

pairs (  A, A). 

The simplistic key renewal protocol therefore not only 

enhances security, but empowers the users to control the 

frequency of their key renewal. Since users are able to 

update their keys whenever they suspect that it has been 

compromised or lost, the trust in key pairs and 

authenticity of certificates are enhanced. 

 

5. CONCLUSION 

 
This paper addresses the issue of key management in 

mobile ad hoc networks. The proposed scheme is only 

operated by the end-users and does not require any 

offline trusted third party (TTP) or a priori sharing of 

keying material. 

 

This solves the major problem of many existing key 

management proposals for mobile ad hoc networks that 

use a distributed certificate authority (DCA). In the 

existing proposals the DCA needs to be empowered 

with a common offline TTP, which is not guaranteed to 

be available in ad hoc networks. 
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 Abstract 
This study aims at exploring Emirati Youths' trends toward three 
social networking issues which are credibility , privacy and 
impact on family relations and how their awareness of these 
controversial issues affect  their use of social media. A total of 
330 youngsters aged 19-35   were interviewed. The sample was 
selected from the seven different Emirates within UAE. 
Moreover, focus group discussions were conducted with three 
different groups of Emirati students from five different 
universities and 50 other students were asked to answer an essay 
exam related to the future of social networks in UAE with 
respect to these three issues.   

Keywords: Social Networks, Credibility, Privacy, family 
relations 

                                1. Introduction 

Most of us admit to going through withdrawals and depression if 
we have to be away from the Internet, cell phones, or social media 
for a long period of time. Statistics indicate that "Face book" site  
ranks first among social networking sites, as it is used by more 
than 500 million visitors worldwide. 18-29 year olds continue to 
represent the bulk of social media users, these data highlight how 
social media platforms like Twitter and Face book are becoming 
more diverse and more mainstream. Fully 93% of people who do 
have an online profile are on Face book. MySpace continues to 
lose, with only 23% of the surveyed users being there. Twitter 
users are up, but still only account for 11% of online profile. 

According to May 2012 statistics , the total number of Face book 
users in the Middle East and North Africa reached fifteen million 
users. In UAE  ,the  “Dubai College of Government 
Administration ” pointed out that UAE is the first between Arab 
countries in using  Face book taking into account  its  population, 
as 45.38% of Emirati inhabitants have accounts on the most 
famous social site "Face book",  thus placing UAE in the ninth 
rank  worldwide. 

Moreover , a study which was conducted by the National Centre 
for Youth Research at  King Saud University (2010), found that 
Face book  (69.5%)ranks first among Arab youth users followed 
by Twitter( 18.5%). While the percentage of users of other social 

networks like Netlog do not exceed 7.2%. This is justified by the 
scholar Ammar Khalid who indicated that there are public and 
private networks however,  this is not well known in the Arab 
world . 

  Each social media platform also seems to have its own 
personality and function as Pew study pointed out : 

1.Blogs relied heavily on stories of emotion, with topics such as 
group rights and ideological passion. 

2.Twitter’s main focus leaned toward technology, with topics 
often referencing Twitter itself. In other words, people on Twitter 
tweet a lot about Twitter. The site is generally used to pass along 
info and links to news stories on sources such as Mashable and 
CNET. 

3. YouTube was well … YouTube. The most popular content was 
the most visual 

In respect to productivity , Jennifer Shewmaker (2009) in her 
study confirmed that American young people surf the social 
networking sites  not only as consumers , but also as producers. 
On the other side of the world, Ammar Al-khaled (2011) described 
« gulf youth» as «un productive » in dealing with social 
networking. And he stated that their productivity do  not  exceed  
two percent. Young people may be using the social media actively 
(not passively) for a number of motives ranging from information 
seeking, social interaction and entertainment. Information seeking 
encompasses a number of issues including; finding out about 
relevant events and conditions in immediate surroundings, society 
and the world; seeking advice on practical matters or opinion and 
decision choices; satisfying curiosity and general interest; learning 
self education; and gaining a sense of security through knowledge. 
But on the contrary, they may face some problems due to false 
information or difficulties in managing privacy controls. 
Parents complain as social networks affected negatively family 
relations. 

Credibility:   

Social Media is also the source of news for the majority of young 
people. Half of Americans say they rely on the people around 
them to find out at least some of the news they need to know, 
according to the Pew Report 

  Some 44% of online news users get news at least a few times a    
week through emails, automatic updates or posts from social 
networking sites. In 2009, Twitter's monthly audience increased 
by 200%. 

 Most broadly, the stories and issues that gain traction in social 
media differ substantially from those that lead in the mainstream 
press. But they also differ greatly from each other. Of the 29 
weeks that PEW center tracked on all three social platforms, 
blogs, Twitter and YouTube shared the same top story just once. 
That was the week of June 15-19, when the protests that 
followed the Iranian elections led on all three. 
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The extensive stats offered up in the Pew report (2011) don’t offer 
any easy solutions for mainstream media as it grapples with ways 
to wrest our short attention spans from the rest of the Internet. 
Case in point, the study found that stories that do gain traction in 
social media don’t hold our attention spans for long, often leaving 
the top spot on social networks within hours after arriving. 

Although Finberg, Stone, and Lynch " ( 2001- 2002 ) concluded 
that Internet users consider it as a secondary source of news, 
Flanagin and Metzger "(2000) revealed that the credibility of 
Internet exceeded the credibility of TV ,radio and magazines, but 
not at the level of press credibility. Also "  Johnson and Kaye " 
(1997, 2000) in their  study confirmed that  new media are more 
credible, accurate   just and in-depth than traditional media . 

In a study by "Tseng and Fogg" (1999) about the credibility of 
computer technology in general shows that the computer users 
tend – in general - to believe all  information provided through the 
internet but this confidence often wavered when published through 
internet false information. 

" Rasha Abdulla and others" ( 2002) found that what undermines 
the credibility of online news media is the difficulty of access to 
the true source of information, unlike traditional media. 
Researchers have noted that- in general – the  Internet audience 
was less negative than newspapers and television audience 

Privacy issues: 

The most recent Pew Internet Study takes a look at privacy 
management practices among both sexes. According to Pew, 63% 
of adults have some sort of online profile. That's up about 20% 
from 2006. Of those online profiles, only about 20% are 
completely public. Most people (58%) have their profiles set to 
friends only. There's also a percentage (19%) who use a setting 
that allows friends and friends of friends to see profiles. Out of 
that 19% who allow friends and friends of friends to see what they 
post, about 26% say they set privacy for individual posts that will 
bar some from seeing posts. Turn that around, it means 74% of 
that minority of users are allowing friends to spread around 
anything they want to share. 

Pew (2011) identifies the habits of women as more "conservative 
in basic settings." The following chart by Pew is labeled as 
privacy gender gap 

 

The US Congress constituted a sub-Committee to reduce clutter 
breaking of the privacy. This came after the site "Twitter" 
acknowledged last month that it copied  numbers and addresses 
of phone books of a large number of users on mobile, and stored 
on site servers, without the permission of most users. 

On the other hand, Jeff Neuburger says that people who live in 
glass houses should look for somewhere else to wear  their 
clothes.  He refers in this regard to the individuals who put 
personal information and photos on their accounts  and   make it 
available to the public. 

The concept of privacy also extends to the robbery of  literature , 
films and musical literature ,scientific research and literary, 
breaking the copyright and selling  it at very low  prices. 

 

Family Relations: 

Two-thirds of online adults (66%) use social media platforms 
such as Face book, Twitter, MySpace or LinkedIn. These 
internet users say that connections with family members and 
friends (both new and old) are a primary consideration in their 
adoption of social media tools. Roughly two thirds of social 
media users say that staying in touch with current friends and 
family members is a major reason they use these sites, while half 
say that connecting with old friends they’ve lost touch with is a 
major reason behind their use of these technologies. Other 
factors play a much smaller role—14% of users say that 
connecting around a shared hobby or interest is a major reason 
they use social media, and 9% say that making new friends is 
equally important. Reading comments by public figures and 
finding potential romantic partners are cited as major factors by 
just 5% and 3% of social media users, respectively. 

Some studies have shown that the use of new media led to 
deterioration of the entire communication process.   Kraut 
showed that the growing use of the Internet led to a  the decrease 
in the level of communication with family members, and a 
decline in per capita social Chamber size and increase in levels 
of  depression and loneliness. 
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On the other hand, Daniel and  Merka spoke in their book on 
migration and new media about their meetings with immigrant 
mothers who confirmed that new media consolidated their 
relations with their families through the Web SKYPE program  
and  social networking. 

In conclusion, Social media is an important part of young 
people's everyday life in several countries including the Gulf 
and  UAE, but still there  are voices that are against the intensive 
use of this new media particularly as a source of news and at the 
same time express concern regarding some important issues as 
credibility, penetrating privacy and weakening family relations.  
And  the dilemma here is where do Emirati youth stand from 
these issues and how could their trends shape their relationship 
with   this  new media and  its uses. 

                   2. Study Objectives 

Identify how UAE youth are surfing social  1.

2. Clarify how UAE youth are using social networking 
and how it relates with consumption or production. 

networking sites and the existence of substantial 
differences between males and females in this regard. 

3. Youth trends toward some important issues   such as 
credibility , penetration of privacy and weakening family 
relations. 

                 3. Research Questions 

The extent of UAE youth usage of social  1.

2. What are the uses of social networking and to what extent are 
these uses related to consumption or production? 

networking and the existence of substantial differences 
between them according to gender, age , the region   
and  specialization? 

3. What are their trends or attitudes in relation to issues  as 
credibility of new media, privacy and Family relations ? and 
how it reflect on their use of social media? 

                              4. Methodology: 

The study focused on Emirati Youths' trends toward some 
important issues related to social networking as credibility, 
penetrating privacy and weakening family relations. The three 
issues were selected by a group of media experts and 
researchers, as the most important and controversial issues of 
social media, from a list of 15 issue prepared by the two 
researchers of this study.  The aims of the survey were to study 
how young people use social media in terms of productivity , 
their trends toward these controversial issues and how does their 
attitudes affect their relationship and uses of these new media. 

The sample consisted of 330 youth individual aged 19 to 35 
years. It was divided equally between males and females taking  

into account as far as possible the relative parity with the 
proportions of the population in society particularly in terms of  
gender and age . It is worth mentioning that the sample was 
selected randomly within these groups. 

                             5. Data Collection: 

The study did depend on several tools for data collection: 

1. A questionnaire was designed and included a battery of 
questions to measure Emirati Youths uses and trends toward 
social networking and how it affects their relationship with 
social media at large. 

2. Focus group discussions were conducted with three different 
groups of Emirati students from five different universities to 
discuss openly and freely their views  in regard to the three 
controversial issues studied in this article. Each group included 
10 male and female students from universities of United Arab 
Emirates ( UAEU) , Zayed (ZU), American University of 
Sharjah ( AUS) and American University of Dubai ( AUD) and 
Higher College of Technology ( HCT). In terms of gender and 
age, the three groups of students were homogeneous to a great 
extent. Their views helped in designing the questionnaire and in 
the interpretation of findings of the study.  

3.  50 students were asked to answer an essay exam related to 
the future of social networks in UAE with respect to these three 
controversial issues.  Taking into consideration the conservative 
style of life in the Emirati society that make students feel free in 
writing their views better that expressing them in public venues, 
this tool proved to be effective in interpreting many of the 
findings of this study.  

4. The study developed a scale to measure UAE youths'  trends 
toward  the three issues raised about social networking. The  
scale degrees ranged from five to one points , where five refers 
to the highest positive toward  the issue and number one to the 
maximum negativness in regard  to the issue at hand. The total 
points of the scale were to determine the extent of positiveness 
or negativitnesss of trends toward social networking. 

5. To measure the productivity of UAE youth  on networking , 
the researchers invoked a scale of five criteria for measuring 
productivity that is arranged from lowest to highest as follows: 

           A. Open an account on networking without any 
significant activity from the user. 

            B. Open an account on social networking, and the user 
role is limited to exchanging views and posting  photos for 
himself and others on his personal page. 

           c. The user have other activities at networking such as 
design  blogs  and formn pressure groups influencing the rest of 
young people in societal issues. 
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           D. The user display his work and activities such as his 
paintings and writings for promotion reasons  or selling them 
through social networking. 

           E. Form groups for  community development through 
networking that have significant and active role on the ground 
such as environmental awareness campaigns, literacy , treat the 
poor and needy, and could also aim to  change the political 
system. 

The researchers allocated point  to each criterion according to 
the productivity of the user through networking with ranging 
degrees of scale between one and five. 

It should be noted that the study was applied during the period 
from January to end of March 2012 

                         6. Key Findings 

1. The study showed that there is a great youth turnout on social 
networking, where only 6.4% do not have an account on those 
networks. The main reason not to open an  account on social  
networks  is that they considered those networks a waste of time. 

2. Face book ranked first (84%) among social networking which 
UAE Youth prefer, followed by the Twitter  by 57%.  This result 
is consistent with the results of previous studies that confirmed 
that Face book is a top network  among Arab youth (National 
Centre of Youth Research (2009), King Saud University (2011) 
and Dubai school of government administration ( 2012 ) 

3. Females surf the social media  (96.2% ) more than males 
(91%). This could be due to  the nature of the Arabic societies 
and particularly UAE, where girls activities outside the family 
home are minimalistic 

4. Although the proportion of young people from Abu Dhabi 
exceeded the rest of the youth from other Emirates in surfing 
social media , but the differences is not with statistical 
significance. 

5. The relationship between young people and social networking 
is strong. This was concluded from the following findings: 

   A. 69.5% of the respondents  have more than one account on 
different social networks as face book, Twitter and My Space. 

  B. More than half of the respondents (59%) have 
hundreds of followers. ( 66% females vs 34% males)  

C. 59.5% of the respondents consider  themselves activists on 
social networking. (55% females  vs 49% males). 

D. Varied and diversified activities are undertaken by young 
people on  social networking between chatting with friends 
(72.5%) , expressing  their opinion   (69.6%) commenting on 
issues raised on networks (50.7%) and posting pictures of 
personal accomplishments (49.3%). 

E. 44.9% have an account on networking for more 
than two years versus 24.6% have an account since 
less than a year. 

6. The study confirmed the intensive use of social 
media among Emirati young people. This was 
concluded  from the following: 

A. More than half of the respondents access their personal 
account on daily basis (52.2%), Most of them access it more 
than once throughout the day while 18.8% access it  once a day, 
 compared with 7.2% access it only once a week. 

 B. 41.9% of the respondents access their personal accounts 
more than two hours per day compared  with  27.5%  access it 
for less than an hour. And there are no significant differences 
between males and females in that regard. 

7. UAE youth are not productive  on social networks, they are  
primarily consumers. This is because their roles on the networks 
are limited in the following  : communicate with friends (79.7%) 
, know the latest news (73%) , make new friends (58%) , view 
their friends photos  (50.7%) , listen to the opinions of young 
people about what is happening in their communities, and know 
the celebrities' news like artists and athletes (46.4%)  . All  the 
above are mainly consumption usage . On the other hand, the 
role of Emirati youth in the formation of groups, adopting 
certain issues and real roles in community service or even 
sharing ideas or acts and marketing them did not exceed  17.4%.  

8. 66.7% said they heard news on social networks that proved 
untrue later . They also admitted that many of the  news spread 
by social media are  false and fabricated (49.3%). They 
emphasized that frequent rumors and divergent views on the 
networks hit them by confusion (94.2%), but this did not make 
them unable to take a decision (85.5%) 

9. Despite the awareness of the lack of credibility of social 
networking among Emirati youngsters, but they consider it the 
most important news source.  This may be due to the following 
reasons: 

A. Large freedom space available on social networking and  
many news on those networks are not available on the traditional 
media, which is in many cases  and particularly in the Arab 
World ,governmental media . 

B. The quick and updated news service available  on social 
networks that turned them to be one of the main sources of news 
for traditional media. 

C. Young people tend  to discuss everything that is posted on 
social media with friends and family members on the next 
degree . And those discussions help in confirming or rejecting 
the news . 

10. 69.6% said they learned of the scandals of famous public 
figures or celebrities  through social networking. They 
emphasized that those networks penetrate the privacy of 
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individuals (57.9%)which  is unacceptable. However, they 
considered social  networks  as the main source to know 
celebrities’ news like artists, athletes and poets (46.4%).   

11. Young people surf social networks without realizing the 
possibilities of penetrating their privacy. This was confirmed by 
the following results: 

A. The youth confirmed, especially females that they were 
posting  their personal information and photos on their accounts 
by 86.2%,and  30.6% of them make it available to the public. 

B. 52% of young people do not know about copyright and 
intellectual property issues on social media. They do not even 
know that the articles and films they produce can be  sold on the 
net at very low prices. 

C. 69.1% of the young people don't know anything about the 
Location based service that is offered by social networking, and 
78% do not know about the Google on line Medical Service, and 
they are ready to disclose health histories and the evolution of 
their health status, if requested through social networking. 

D. 46.1%  do not see any harm from a friend posting their 
photos or their personal information on their accounts without 
their permission.  

This demonstrates a lack of understanding of the  social 
networking capabilities to penetrate privacy.    

12. The respondents  confirmed that social networking did not 
adversely affect their    relationships with their families. They 
rejected the idea that no longer they have the time to talk with 
family members, or they ignore discussing life issues with 
family members. But their answers showed weak relationships 
with family, as evidenced by the following results: 

A. 26% of respondents stated that their family members are not 
among their friends on social networking because they don't 
want their families to look at their personal account ,or because 
family members are not active on networks. 

B. Parents came in third rank among those who encouraged 
youngsters to open an account on social networking after friends 
and the University. 

C. 77%  of respondents confirmed that they are not keen to 
attend family gatherings at  weekends, Fridays and holidays, but 
they may join them to meet the desire of parents. Even during 
these meetings they are attracted and concerned  with the virtual 
world not the real world. Their physical presence doesn't mean 
communicating with family members, because each of them   
indulge in virtual world via BlackBerry and IPhone. 

D. 68.1% affirmed that they communicate with their siblings  
and their parents within a single house through Face book and 
BlackBerry. 

  E. 75.4% does not consult their parents about the views they 
place on social networking, and approximately the same 
percentage indicated that their parents do know nothing about 
their friends on social networking (75.3%) 

In conclusion,  the study showed that Emirati Youth trends 
toward social networks are positive in terms of family relations . 
They believe social media strengthened their family relations 
Meanwhile, they showed negative trends toward credibility and 
privacy as they believe that social media could spread false 
information and rumors and could penetrate their privacy . But 
this all did not affect their intensive use to social media .Neither 
did it affect their uses or practices on social networking. They 
still consider social media their main source of news and they 
post personal information on their accounts and make it 
available to the public.  Even those who do not have accounts on 
social media indicated that the reason is not because of these 
dangers , but because they consider it a waste of time. Emirati 
young people expressed their concern about the future of social 
media and they cannot see any possibility to block this new 
media. Maybe we need to censor or regulate the unethical 
practices on the new media , but they  can't survive without 
surfing the net and tweeting.   
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ABSTRACT 
 

This paper describes the energy monitoring system 

with a wireless sensor network for monitoring of 

electrical usage in smart house. Proposed system is 
composed of wireless plugs and energy control wallpad 

server. The wireless plug integrates an AC power socket, 

a relay to switch the socket ON/OFF, a Hall Effect 

sensor to sense current of load appliance and a Kmote. 

The Kmote is a wireless communication interface based 

on TinyOS. We evaluated wireless plug in a laboratory, 

analyzed and presented energy consumption data from 

electrical appliances for 3 months in home. 

 

Keywords: smart house, energy monitoring, wireless 

plug, wireless sensor network, current consumption 
 

 

1. INTRODUCTION 
 

In a world of highly developed countries and 

emerging economics, energy supply plays a major role. 

In a modern household, hardly any device runs without 

electricity. Understanding household energy usage in-

home is vital for the planning of energy consumption 
and conservation. Household are an important group 

when addressing energy conservation. Many researchers 

pointed out that changing life style is important to reduce 

the energy consumption.  

The traditional electric meter, used by electricity 

companies for accounting is the electromechanical 

induction watt-hour meter. Its robust technical design is 

in use for over a century but is not capable of more than 

measuring the accumulated amount of consumed energy. 

A disadvantage is that either an employee, sent by the 

energy company or the customer himself has to read the 

meter manually which implies costs and administration 
effort [1]. 

Smart meter is a very general term for a more 

advanced metering device, which provides more detailed 

information on consumption to the customer and is 

mostly able to communicate with the electricity supplier 

via some network for the purpose of accounting, billing 

and monitoring. Capabilities range from simple display a 

meter, which gives a user feedback on current and past 

consumption, to high-tech meters which are capable of 

interacting with home automation systems and for 

instance are able to switch on a device when the supplier 

indicates cheap energy prices. For example, Google 

PowerMeter is an on-line service that interacts with 

consumer’s local smart meters via vendor or utility 

company. Load data is sent from a smart meter to the 

energy supplier, who forwards data to Google’s data 

store by implementing and invoking the Google Data 

API. Google provides a uniform user interface to all 
customers including processed and analyzed data. This 

technology leads to vendor independent information 

processing and allows integration of multiple devices [2], 

[3]. 

This paper presents the architecture, design, and 

evaluation of energy monitoring system, a wireless plug 

for gathering electricity usage and controlling AC in a 

smart house. 

 

 

2. SYSTEM OVERVIEW 
 

The overall design of the smart energy monitoring 

system is shown in Fig. 1. The design divides the system 

three parts. The three pieces of this decomposition are 

the wireless plugs, the base module, and the energy 

control wallpad. 

 

 

 
Fig. 1 System overview 

 

A. Wireless Plugs 

An essential component of wireless plug is the device 

that performs the energy measurement and control. This 

device consists of four components – Hall effect sensor, 

AD/DC power supply, microcontroller with radio, and 

relay as shown in Fig. 2.  

To obtain real, reactive, and apparent power 

measurements, a dedicated IC is usually used to perform 
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the necessary analog-digital conversions. In this paper, 

we use the Hall effect sensor to convert current to 

voltage. These devices use the Hall effect to measure 

current and can be either clamp-on (non-contacting) or 

in-line. Inline Hall effect sensors intercept the AC 

current and couple it with an internally calibrated Hall 

effect element. This approach is compact and precise. 

More importantly, the high voltage AC input is 

electrically isolated from the low voltage output inside 

the in-line Hall effect sensor.  

The sensor network module is implemented from a 

commercial product (Intech co., Kmote-B) which is a 

clone of Telosb platform, including a microcontroller 

(Texas Instruments co., MSP430, 8MHz), an 

IEEE802.15.4 compliant RF transceiver chip (Texas 

Instruments co., CC2420) [4-6]. 

 

 

Fig. 2 Wireless plug 

 

B. Energy Control Wallpad 

The role of the energy control wallpad is to store 

packets from the wireless plug to a database as show in 

Fig. 3. We choose a small size embedded board for easy 

development of client program and convenient 

management of the in-house monitoring system.  

The wallpad reads the packet from base module and 

writes it with additional information into the MySQL 

database. The UI program is implemented under the 

Android platform.  

 
(a) Energy control wallpad 

 

 
(b) Base module (Kmote) 

Fig. 3 Energy control wallpad 

 

Fig. 4 is the energy control wallpad UI on the Android 

platform. 

 

 
(a) Energy control main UI 

 

 
(b) Energy usage history UI 
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(c) Appliance setting UI 

Fig. 4 Energy control wallpad UI 

 

 

3. EXPERIMENTS 
 

Fig. 5 illustrates the experimental measurement set-

up. The wireless plug measures the current every 0.5 

second, and transmits the wireless data to the energy 

control wallpad per 5 seconds. We measure the current 

consumption and electric power. It was based on the 

result of saved data in the energy control wallpad. 

 

 

 

(a) Center View 

 
(b) Floor plan 

Fig. 5 Smart Home Industrialization Support Center 

 

Fig. 6 are power consumption traces from electrical 

appliances under measurement (TV, air conditioner, air 

purifier, WIFI AP, refrigerator, microwave oven, computer, 

monitor). 

 

 

 

 

 
Fig. 6 Power consumption traces of appliances 
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Fig. 7 Total power consumption 

 

 

4. CONCLUSIONS 
 

In this paper we describe smart energy monitoring 

system using wireless plug which we have developed. 

The developed monitoring system is composed of the 

wireless power outlet, which named wireless plug, and 

the energy control wallpad. The wireless plug integrates 

AC power receptacle and wireless sensor node into a 

power socket to switch the power ON/OFF and to 

measure the power consumption of plugged appliances. 

The energy control wallpad stores the received signals 
into the database. The experiment results show the 

adaptability and feasibility of the energy consumption 

data. 

Future research may integrate into the end devices to 

allow them to be tasked with more sophisticated data 

processing and generation. 
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Abstract 

Without the requisite commitment and support 
from an institution faculty will minimally take advantage of 
instructional technology.  This support includes having the 
availability of a full-time instructional technologist to assist 
them with the features of a new application.  It includes, as 

well, technical support to trouble shoot problems as they 
arise.  A faculty incentive program is also important and 
includes such rewards as a remuneration schedule for 
creating new courses in an electronic format or converting 
an existing course in an electronic format.  Having a 
dedicated revenue stream to ensure a robust instructional 
technology program is essential.  Finally, institutional 
policies and procedures that support and enhance distance 
education are critical to the overall success of the program.  

Absent this level of support, the institution likely will not 
realize the full measure of its success in recruiting students 
who are drawn by a diversity of delivery modes. 

The purpose of this research is threefold: (1) to 
measure the usage of select technology by full-time faculty 
in their courses; (2) to gauge the attitude of full-time 
faculty regarding the use of instructional technology; and 
(3) to assess institutional resources required to support the 
use of instructional technology.  An online survey has been 
created and will be the main data gathering tool of this 
study.  The online survey link will be e-mailed to all full-

time faculties at the 10 community and technical colleges 
in West Virginia and 23 community colleges in Virginia. 

Key words: non-traditional, instructional 
technology, faculty, community college   

Introduction 

 We live in a time of technology.  It is 
everywhere.  From our homes, our cars, to our schools and 
workplace, electronics is a constant component of our lives.  

There is now high demand from students, parents, 
employers and the general public that technology must 
become part of education.  Research shows that there are 
pedagogical benefits of incorporating technology into the 
curriculum, including learning how to research and access 

worldwide resources, as well as increased communication 
skills (Wilson, 2003).     
 The increased demand for higher education may 
be due to the number of new learners coming back to 
school motivated by career changes and personal 

development.  As much as any other factor the economy is 
motivating many to return to school.  These students are 
not interested in gaining mastery in certain subjects, as they 
may do at a four-year college, but prefer learning work-
related skills to enhance their employment and earning 
potential, to work collaboratively, to think critically and to 
learn how to use technology at their job.  They demand 
cost-effective education that is customized to them, where 

the time, place and pace is convenient for the student, 
rather than the instructor or institution.  Many of them are 
non-traditional students who are balancing work, family 
and personal demands (Ryland, 2008). 
 Research literature shows that community and 
technical colleges are leading the way in using instructional 
technology.  “Recent studies have shown that community 
colleges are becoming the primary providers of distance 

education classes” and also are providing the greatest 
number of online courses (Ryland, 2008, pp. 5-6).  They 
continue to lead the rest of higher education in serving the 
needs of nontraditional students by using technology for 
enhancing quality, expanding educational access and 
flexibility, and improving productivity (Ryland, 2008).   
 Using technology in the classroom begins with 
the faculty.   Understanding technology is insufficient to be 

considered as good teaching.  It is essential to understand 
how to combine good pedagogy with innovative uses of 
technology when creating course curricula (Wilson 2003).  
However, regardless of the technology skill or comfort 
level, “remember that for all that educational technology 
can offer us through new communication methods and the 
ability to reach a wider range of students, it is no panacea” 
(Meloni, 2010).  The instructor is still necessary to deliver 
the material and assist students in reaching the course 

goals, learning the materials, and completing the necessary 
work (Meloni, 2010).  However, there are many reasons 
why faculty do not, or choose not to use technology in their 
classes.   
 Three of the most common barriers to using 
technology include time, funding and faculty reward 
systems.  As a professor, time is always an issue.  There is 
not always enough time to learn how to use the technology, 

figure out how to incorporate it into the curriculum, and 
then continue to keep up with the new technologies, which 
can be expensive to purchase and maintain. Also, as faculty 
workloads continue to increase, a change in workload 
definitions may be necessary in order for faculty to take 
advantage of possible training opportunities and learning 
how to use and integrate technology into their classroom.  
In addition to these, the challenges that have the most 

impact on technology use are technical skills and 
unrealistic expectations.  Administrators need to understand 
that training and professional development is required 
when expecting faculty to begin using technology as part of 
instruction, and should be realistic with their expectations 
of the time that it will take for faculty to begin successfully 
using it (Wilson, 2003). 
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 There are different faculty perceptions of 
integrating technology in their teaching.  It should be 
remembered that “technology must be used to enhance the 
educational experience, not to overpower it” (Wilson, 2003, 
p. 61).  Some professors feel that technology has ruined 

education, but if it is used correctly, technology should 
enhance student learning.  When used effectively, 
technology can encourage active learning, which has been 
proven as more successful than passive lecture and in-class 
content delivery.  Technology and active learning should 
facilitate both individual and team-based problem-solving; 
presentations that include multimedia and multi-sensory 
material; simulated learning environments, including 

virtual science labs; enhanced class discussion which can 
carry on after class online; teamwork and technology-based 
collaboration; and communication outside of the class via 
email between student and professor, as well as among 
fellow students (Ryland, 2008). 
 Unfortunately, not all faculties are motivated to 
use instructional technology.  According to research, 
faculties who are satisfied with their current compensation 

are actually more likely to teach online courses.  Many of 
those who currently teach online are motivated by more 
intrinsic factors, such as an increase in student learning, 
whereas those who do not teach online courses would be 
more motivated by extrinsic factors, like monetary 
compensation (Jackowski, 2005). 
 Interestingly, gender was found to be a factor 
regarding internet use for instructional purposes.  It seems 

that men are more influenced by its usefulness, where 
women are more interested in technology’s ease of use. 
This is directly related to training and available technical 
support (Jackowski, 2005).   Conversely, there have been 
few significant differences found for age or rank, which 
suggests that senior professors can still learn how to use 
technology (Wilson, 2003). 
 Based on research, some conclusions and 
suggestions have been made.  Institutions must support 

their faculty more, from new equipment, technical training, 
and faculty development, especially pedagogy for 
technology and online courses.  Institutions may want to 
begin new incentive programs.  These do not have to be 
purely monetary in nature, as many faculty members are 
motivated by seeing benefits for their students and 
improved student learning.  Also, the more technology that 
is provided, the more extensively faculty will use them.  

When they are available, faculty are able to become more 
familiar and comfortable using technology (Wilson, 2003).   
 
Research Questions 
 

1. What correlation, if any, exist between the level 

of administrative and technical support have on 
the usage of instructional technology by full-time 
faculty members of WV and Virginia Community 
and Technical Colleges? 

2. What correlation, if any, exist between the level 
of administrative and technical support have on 

the types of instructional technology used by full-
time faculty members of WV and Virginia 
Community and Technical Colleges? 

3. What correlation, if any, exist between the level 

of administrative and technical support have on 
the types of online/social media used by full-time 
faculty members of WV and Virginia Community 
and Technical Colleges? 

4. What correlation, if any, exist between the 

amount of administrative and technical support 
have on the number of credit hours taught online 

by full-time faculty members of WV and Virginia 
Community and Technical Colleges? 

 
Operational Definitions 

 
Full-time faculty: According to the West Virginia Council 
for Community and Technical College Education, “The 
full-time instructional load for community and technical 

college faculty in West Virginia is to be fifteen credit hours 
or the equivalent per semester” (WVCTCS).  
Amount of support: Faculty’s perceived sense of 
encouragement and assistance needed to successfully use 
instructional technology. 
Level of support: The measurable amount of necessary 
material and procedural assistance received from 
administration that is needed for faculty to be successful 
using instructional technology.  Can include financial 

support, needed equipment, technological support, training, 
incentives, supportive policies, etc. 
Social media: Types of electronic communication, used for 
social networking, through which users create online 
communities to share information in various formats. 
Instructional technology: the use of technological tools to 
plan, design, and develop instruction to improve student 
learning. 

Instructional Technology: the use of an array of teaching 
tools to improve student learning. 
 
Method 

 
 This research study has been designed to 
determine the degree of instructional technology usage by 
full-time faculty at the 10 community and technical 

colleges in West Virginia and 23 community colleges in 
Virginia.  The target population consists of 522 full-time 
faculties at the ten West Virginia Community and 
Technical Colleges and 2,228 full-time faculties at 
Virginia’s community colleges (IPEDS, fall 2010). 
 An online survey was created using Select 
Survey, and was emailed to the Academic VPs of each 
community college asking them to forward it on to their 

full-time faculty.  If a faculty member chose to participate 
in the survey, they would follow the link given in the email 
and complete the survey.  All surveys are done completely 
anonymously. 
 

 

Data Analysis 

 Each participant was asked to rate 14 items 
according to their own perceptions.  There were a total of 
137 surveys returned in West Virginia, for a return rate of 
approximately 25%; the results from Virginia will be 
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presented at the conference.  The Kruskal-Wallis one-way 
analysis of variance was utilized to analyze the data. 

Findings 

 The findings from the West Virginia study 
revealed that 69% of the respondents are female, while 
31% are male.  Sixty percent of those responding indicated 
they are Fairly Proficient in the use of Instructional 
Technology (IT), while 25% rated themselves as Highly 
Skilled.  Somewhat surprisingly 57% are satisfied with the 
level of administrative support for campus-wide IT and 

12% are Very Satisfied.  There are similar levels of 
satisfaction for administrative support for teaching online 
courses.  Among the most utilized technologies in the 
classroom are computers/laptops, PowerPoint, and 
Blackboard (or some other Learning Management System). 
The least utilized technologies are PREZI, lecture capture 
software, iPads, and ePAKS.  Faculties are motivated to use 
IT due to the availability of user-friendly technology, as an 

effective tool for student learning, and the opportunity for 
regular instructional training.  Obstacles to using IT include 
insufficient time to learn new technology, lack of 
technology support, and insufficient training.  The survey 
queried faculty on unsuitable technology for the classroom 
and among the 20% who responded “yes,” they listed 
Facebook, Twitter, Podcasts/webcasts, and overhead 
projectors. 

 In response to the open-ended question on 
assessing the faculty’s interest in integrating more 
technology into their teaching, the majority who responded 

answered “yes.”  They responded that students expect it, 
technology makes classes more exciting, and it can enhance 
student learning.  Should faculty be required to use 
technology in their classes was another open-ended 
question.  The responses were nearly evenly divided from 
“yes,” because technology permeates every facet of our 
daily lives, to “no,” because faculties are not only 
uncomfortable with technology but they are also successful 
with traditional methods. 

Based on the respondents who participated in the West 
Virginia study, these conclusions can be drawn: 

• Satisfaction with online course support does not 
affect the number of hours taught per semester 

• Those dissatisfied with level of support with IT 
are the most hesitant or deterred from using it 

• Whether or not using technology should be 
required is an ongoing debate 

• To use technology faculty need help, training, 
reliable technology, and assistance 

 

 

Summary 
 
 In order to use resources effectively, 
administrators need to determine the appropriate level of 
support for instructional technology.  It seems that most 

faculties are interested in integrating more technology into 
their teaching; however, a lack of administrative and 
technical support is among the biggest deterrents. Sufficient 
support is likely impacted by several factors such as 
availability of a dedicated revenue stream, technology staff, 
institutional policies, and a system whereby hardware and 
software is updated on a scheduled basis. 
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ABSTRACT 
 

The management and optimization of the crisis 

management supply chain is very complex and involves 

multiple concepts: supply resources, probability and 

statistics, means of transportation, disturbances on the 

delivery dates, and the importance of decisions involving 

human lives. To meet these requirements, multi-agent 

systems are a well-suited solution for modeling the 

supply chain through interactive autonomous entities. 

Our model represents a distributed logistic system in 

which flows of resources are hierarchically forwarded 

from one zone to another, taking into account the 

randomness of resources’ consumption. The issue is then 

to optimize the procurement policy to avoid shortages 

that could cripple the whole system. In this paper we 

propose the multi-agent technology for modeling the 

different actors of the logistic chain. Then we propose an 

innovative method to estimate the future needs in 

resources for every zone. Our forecasting method is based 

on fuzzy calculations combined to ARMAX time series 

modelling. The objective of our work is to avoid, in a 

crisis situation, stock outs by optimizing the estimation of 

the future needs in resources for each zone and balancing 

the flows throughout the system. 

Keywords: Multi-Agent System, Distributed Supply 

Chain, Estimating Agents, Fuzzy Logic. 

 

1. INTRODUCTION 
 

Accurate need forecast will lead to appropriate 

scheduling and planning for the operations in crisis 

management systems. Classical modeling tools are valid 

when used to model a stationary developing system, but 

when applied to dynamic and fast changing systems they 

have unsatisfactory performance. This is due to the fact 

that most classical forecasting techniques rely on static 

state assumptions and intrinsic data, without taking into 

account extrinsic inputs. The ARMAX (Auto-Regressive 

Moving Average with eXogenous inputs) model is a 

modeling technique which is capable of incorporating 

external inputs and is used as a forecasting method for 

fast developing systems. 

In our work, we focus on a special kind of Supply Chain 

(SC): a distributed Crisis Management Supply Chain 

(CMSC) completely decentralized, thanks to a model 

based on communicating agents, and characterized by a 

hierarchical structure and a high expected disturbance 

impact. The SC represents all the links from the final 

customer up to the first level supplier. The main objective 

of such structure is the satisfaction of the final client. It is 

thus necessary to have an accurate need forecast of 

resources along the CMSC to optimize the circulating 

flows.    

Within EADS‘s Logistic Information Systems 

department, we developed a logistic flows demonstrator 

for crisis management. We propose an approach, based 

on interactive autonomous entities, to represent the whole 

logistic chain. The multi -agents systems offer a modeling 

of the logistic system by proposing to represent its 

elements, their behaviors and their interactions directly 

under the shape of computer entities having their own 

autonomy. 

In this paper, we describe, in a first time, the distributed 

logistic system. Then, a multi-agent architecture is 

proposed in the third paragraph, modeling the distributed 

CMSC characterized by the communication and the 

cooperation between its various entities. In paragraph 4, 

we focus on the optimizing agents for needs estimation, 

which can determine the future consumption of a given 

resource in a given area, based on fuzzy logic estimators 

and statistic optimization in order to have a better 

resource management. Finally, experimentations in 
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paragraph 5 show the contributions of the proposed 

model. 

2. THE DISTRIBUTED MILITARY 

LOGISTIC SYSTEM AND ITS 

CHALLENGES 
 

The CMSC holds the same objective as a commercial 

logistic chain: satisfy the resultant needs of the effects of 

the crisis. Those specific logistics needs are: help of the 

victims, reconstruction of minimum infrastructure, 

providing food, water, medical support, etc. Attaining 

these goals requires the involvement of different and 

separate entities. Indeed, the CMSC is composed of 

several dynamic and geographically distributed areas. 

Each area or zone must cooperate in order to satisfy the 

needs of the whole system. When casualties occur, the 

optimal routing of flows (of information, goods and 

persons) is one of the keys to success in facing crisis. The 

management of the flows of a Distributed Logistic 

System (DLS) spreads on several zones, starting from the 

resource’s supplier ending to the customer. The general 

idea is then to route the flows leaving from a regrouping 

zone via intermediate zones to reach the terminal zones 

(zones of distribution to the customers). An optimal 

routing requires a communication between these different 

zones. The independent treatment of the zones can 

generate redundancies of information or erroneous data 

since every zone has an incomplete information and a 

limited capacity to solve the problem. These limits will 

be able to influence therefore on the global behaviour of 

the system. For this reason, the coordination of the zones 

proves to be a key element for the reliability of our 

system. To meet these multi participant requirements, a 

multi-agent cooperation model has been realised. In fact, 

multi-agent solution has the undeniable advantage of 

being a model that closely fits the reality and through 

which we will automate all aspects of the DLS. 

Intelligent agents co-operate and compete to reach the 

desired objectives designed by theirs owners. The ability 

of multi agent systems to offer robustness and efficiency, 

to allow inter-operability and to apprehend the dynamic 

nature of the supply chain is a major asset for 

representing the different actors. 

In the next section we will discuss the relevance of using 

the multi agents’ approach in the logistics’ domain. 

3. THE MULTI-AGENT SUPPLY CHAIN 

ARCHITECTURE 
 

3.1 Multi-Agent System 
 

The concept of Multi-Agent System (MAS) is intimately 

linked to that of Distributed Artificial Intelligence (DAI). 

The paradigm of Artificial Intelligence, to concentrate the 

intelligent capabilities into a single entity, proved to be 

insufficient to solve certain types of complex problems. 

To correct this limitation, a sub domain has emerged 

advocating the passage from an “individual intelligence” 

to a “collective intelligence” [2]. The MAS is so far an 

important branch of the DAI. The MAS permit to “model 

the behavior of a set of expert entities, organized more or 

less according to social type laws. These entities or 

agents have some autonomy and are immersed in an 

environment in which and with whom they interact” [1]. 

Ferber [3] defines an agent as a physical or virtual entity 

that is capable of acting in an environment, 

communicating directly with other agents and which is 

driven by a set of tendencies. A MAS is then a network of 

agents (solvers) weakly coupled that cooperate to solve 

the problems that pass the capacities or every agent's 

individual knowledge. These agents are autonomous and 

can be of heterogeneous natures [12] [13]. So, the multi 

agent solution plans to consider each actor of the CMSC 

as an autonomous agent, able to exchange information 

with other actors. In our supply chain, actors are many 

and varied and many models are possible. However, they 

all involve modeling the different areas of the supply 

chain through one or more agents. In the next section, we 

propose an original MAS architecture. It is hybrid 

architecture because it involves three different tools: a 

mathematical formalism, a MAS model and real 

environment data.  

 

3.2 The proposed architecture 
 

Our proposition is presented by three-level architecture in 

figure 1. The main level is the middle one, which 

corresponds to modeling the CMSC by a multi-agent 

system. In this model, agents working within the multi-

agent system continuously receive information from the 

theater of operations. Based on this information and the 

various mathematical models available, these agents 

adapt their behavior to respond the best to the different 

disturbances that occur in the bottom level. It is 

interesting to see that the behavior of agents may suggest 

different actions and decisions, among them the 

correction and adjustment of the mathematical models. 

So, the originality of this approach consists in the fact 

that the agents may not follow the mathematical models 

blindly but they permanently try to correct and adjust it 

according to the real environment.   

 

Figure 1. The three-level architecture 

The hierarchical feature between the various entities 

characterizes our multi-zone logistic system. So there is 
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an agent responsible of each zone representing it, we call 

this agent: a zone-agent. Each zone-agent can 

communicate only with another zone-agent that is 

hierarchically higher/lower to him (an 

upstream/downstream zone-agent) or with another zone-

agent from the same hierarchical level. The hierarchical 

relationship between the different zone-agents of the 

CMSC is verified thanks to a social capacity function. 

Other agents can then intervene, and will help to smooth 

exchange of information and resources.  

In our work, we focus on the estimation of the future 

needs in resources (e.g. water, food, medicine). To do 

that, we propose optimizing agents for multi-zones 

estimation needs, which is developed in the next section. 
 

4. THE NEED ESTIMATING AGENT 
 

The system is organized around these principal agents: 

- An Estimator Agent responsible of the calculation of 

needs’ estimations. The Estimator agent uses an ARMAX 

model to make the calculation. The architecture of the 

system is generic and open and allows us to add more 

estimators in the future to create a library of models. 

- TransactionDBAgent: It is a data storage structure. We 

call transaction a set consisting of an estimation demand, 

the necessary parameters to calculate this estimation, its 

final result, and a post made feedback that tells about the 

quality of this estimation. 

- TestAgent: It is a test interface that allows us to 

manipulate the NEA and verify its behavior. This agent 

gathers the needed information for calculating 

estimations. 

The Need Estimating Agent (NEA) is a tool for decision 

support that is used to indicate to a zone-agent what it 

will need; using all the data provided. The NEA mainly 

works using fuzzy logic calculation. The zone agent 

provides the NEA with the needed data in order to 

complete the calculation. A human expert is in charge to 

estimate those data. He has to provide the real data 

acquired on the field (how many persons to feed, etc.) 

and some estimation in order to create the membership 

functions and the rule matrix. Then, a statistical 

optimization process will be able to correct those 

estimations to make the more precise answer the NEA 

could calculate. [7][17] 
 

4.1 Use of fuzzy logic 
 

The advantage of this approach is that it allows us to 

propose a law according to our common sense, which can 

rather be realistic. This rule could then be improved to 

reflect in best the behaviour of the expert, without 

questioning for all that the rest of the system. The model 

starts with the data acquisition from the network of agents 

of the architecture. These data are then modeled using 

membership functions through fuzzification. The 

decisions are elaborated by fuzzy inference using fuzzy 

control rules. After the deffuzzification, the model offers 

a regulation of the average consumption of one resource 

as decision classes. These new suggested decisions will 

be added to the expertise used by the model [8]. 

We arbitrarily decided to treat the case of an order of 

clothes. The common sense allows us to determine 

certain number of parameters which comes into play in 

the consumption of clothes on a logistic theatre. Those 

parameters are temperature and humidity.  

The NEA works as following: 

- The need estimating agent is called by the zone to 

which it is attached to provide a need assessment of a 

given resource of the area. 

- The need estimating agent contacts the weather agent, 

who shall provide all relevant information on humidity 

and temperature in the next 7 days. 

- From this information, it determines a fuzzy logic 

coefficient, which represents the influence of the 

climatic conditions on the average consumption of the 

resource. 

- Taking into account the present population and the 

fuzzy logic coefficient for each day, the estimator 

calculate a first non optimised value. 

- Then the agent makes a correction of this value, taking 

into account the history of the consumptions, and 

straightens the value obtained by this first estimation. 

4.1.1 The fuzzification 

The fuzzification is the Numerical/Linguistic conversion 

of the input variables. For our application, we propose to 

take into account the values of Temperature and the 

Humidity in the considered zone to adjust the average 

consumption of clothes and to provide an accurate 

estimation of the future need in this resource. 

* Membership functions 

We consider X to be a space of points, with a generic 

element of X denoted by x. A fuzzy class A in X is 

characterized by a membership function A μ (x) which 

associates with each point in X a real number in the 

interval [0,1], with the value of A μ (x) representing the 

grade of membership of x in A [4]. In other words, it is 

the degree to which x belongs to A. 

Inputs: We classify the Temperature into the three sorts: 

Cold, Temperate and Hot. We classify the Humidity into 

the three sorts: Dry, Temperate and Humid. 

So for a given Temperature t, we can determine its degree 

of membership in the 3 sets (Cold, Temperate and Hot). 

The membership functions characterizing the fuzzy 

subsets of the variable Temperature are shown in figure 

2: 

 
Figure 2. Membership functions for the Temperature 

We proceed by the same way for the humidity. 
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4.1.2 Fuzzy inference 

The fuzzy inference allows us to develop a decision by 

using the decision rules. Those rules are based on the 

experiences on the weather influence on the consumption 

of clothes. The decision rules are described by linguistic 

terms. The relationship between Temperature, Humidity 

and the variation of the average amount of clothes to be 

consumed is summarized in Table 1. This table is to be 

read: “If Temperature is Cold, and Humidity is Dry, then 

Consumption is Strong.” 

The inference rules describe the influence of the climatic 

conditions on the average consumption of clothes. (There 

will be an under consumption, an overconsumption or we 

will maintain the average consumption?). 

 Cold Temperate Hot 

Dry Strong Weak Weak 

Temperate Strong Average Weak 

Humid Strong Average Average 

Table 1. The inference rules 

4.1.3 The deffuzification 

The deffuzzification is the linguistic/Numerical 

conversion of the different variables. The method used in 

our application is the method of the center of gravity. 

Output: We classify the variation of the average 

consumption of clothes into three sorts: weak, average 

and Strong. 

- Set1: Weak: under consumption with regard to the 

average; 

- Set 2: Average: about average consumption; 

- Set 3: Strong: overconsumption with regard to the 

average. 

The matrix of inference is then going to define the 

degrees of membership in each of these classes, 

according to the real values of the Temperature and the 

Humidity. The result refines the estimation of the 

consumption with regard to the average consumption. 

 
Figure 3. Membership functions for the consumption 

The fuzzy logic offers a behavior that is as close as 

possible to the human reflexes. This is interesting as far 

as the human factor remains an important parameter to 

consider in the military hierarchy. 
 

4.2 ARMAX Optimization 
 

The interest of the second step of estimation is to take 

into account the history of the consumptions to straighten 

the value obtained by this first estimation. 

The NEA is a calculation engine that operates by 

learning, so the more it will calculate estimations, the 

more efficient it will be. For this, the NEA uses results of 

previous estimations and an assessment of these results to 

improve future calculations. Our system must react 

according to measures that require a mathematical 

model’s representation of the phenomenon measured. Our 

objective in this phase is to approximate the function of 

consumption’s variation by an ARMAX model for 

temporal series. In fact, the calculated measures will not 

be exactly aligned with a known mathematical model or 

law. Besides, the measures are most of the time mixed 

with a noise. The ARMAX model is capable of 

incorporating external inputs and model feedbacks.  

    - The ARMAX model: 

The ARMAX process is one of the static time series 

models. It is suitable for the time series with no trend and 

seasonality that exhibit time homogeneity. The ARMAX 

model is a generalization of ARMA model which is 

capable of incorporating an external, (X), input variable. 

The form of the ARMAX model is: 

                +         +         

where y is an n dimensional vector of observed output 

variables (this corresponds to the real amounts of 

resources consumed on the field at the end of the day of 

calculation), x is an n dimensional vector of input 

variables (in our case, x is the input variables vector 

obtained after fuzzy logic calculation), e is an n 

dimensional unobserved disturbance vector process 

(white noise) and A, B and C are polynomial matrices of 

the appropriate dimension. 

The steps of analysis to identify the model that best suits 

the dynamics of resource consumption are presented as it 

follows: 

a) Identification of the model: to build the ARMAX 

model, it is necessary to identify the different 

parameters. To do that, we use a Recursive Least-

Squares (RLS) identification algorithm. Nelles [15] 

briefly summarizes the RLS algorithm with 

exponential forgetting. The RLS algorithm consists in 

calculating for each iteration: 
     =                   

                
                       

Where k is the Kalman gain,      contains the model 

parameters to identify,      is the state vector of the 

system and λ is a forgetting factor which reduces the 

influence of older terms in newly calculated values. If 

λ=1, all the data are weighted equally and the 

algorithm has an infinite memory length. On the other 

hand, with a smaller value of λ (and so a shorter 

memory length), the algorithm is better adapted to the 

system dynamics. The matrix   is defined as: 

                                      
(Riccati equation). 

b) Model checking:   To evaluate the efficiency of the 

implemented model we use the Akaike information 

criterion (AIC). Given a set of candidate models for 

the data, the preferred model is the one with the 

minimum AIC value. In the general case, the AIC is: 
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          (  
 )   

      

 
 

where l is the number of parameters in the statistical 

model,   
   is the value of the likelihood function for 

the estimated model and M the number of measures. 

The criterion takes into account both the statistical 

relevance of the fit and the number of parameters that 

have to be estimated to achieve this fit’s level, by 

imposing a penalty for increasing the number of 

parameters [16]  

c) Forecasting: this is the step of the data extrapolation 

through the found model. 

  

5. SIMULATION RESULTS 
 

We will consider three parameters of optimization for this 

logistic situation: the temperature, the humidity degree 

and the number of present people on the site. For the 

multi-agent system design, we use the platform Jade 

which integrates the agent’s functionalities. 

5.1 Study Case 

 

- We are going to vary the number of people on the zone. 

- The weather conditions are stable: 20 °, 90% of 

humidity. 

- The middle debit of the resource is of 100 units per 

week for 100 people. 

- The site has a life span of eight weeks. The first two 

weeks represent the establishment of the site, and the 

two last its evacuation. 

5.2 Communication protocol 
 

The communication steps are the following: The 

TestAgent retrieves the data filled in on the interface to 

build a transaction object and stores the transaction in the 

TransactionDBAgent. Then, the NEA receives a request 

for estimation. To do that, the NEA must before any 

operation go get the transaction from 

TransactionDBAgent. The NEA calculates a first value 

made up of membership functions and rule matrices. 

Then, it will optimize the fuzzy logic result according to 

ARMAX model and the historic of consumptions. The 

NEA returns the final result to both TestAgent and 

TransactionDBAgent. 

We propose to compare the ARMAX model forecasting 

to three existent statistical estimators in the system: 

- RegLinAgent: this agent’s estimation algorithm is 

based on a linear regression model. 

- PTPAgent: interpolation is based on a piecewise 

linear regression. 

- RegNonLinAgent: this agent’s estimation algorithm is 

based on a nonlinear regression model. 

5.3 First Test 
 

As the variation in the number of people on the site is 

linear, we compare in this series of tests the ARMAX 

results to the linear estimators (RegLinAgent and 

PTPAgent) results. Our application offers the possibility 

to use among those estimators the one(s) that seems the 

most appropriate; it means the one(s) that describes best 

the consumption variation. 

week 

Number 

of 

persons 

Fuzzy logic 

estimation 

Corrected 

value 

ARMAX 

estimation 

Statistical 

estim. 

error 

ARMAX 

error 

1 500 486,26 450 486,26 8,05% -2,75% 

2 1000 972,52 900 1033,37 8,05% 3,34% 

3 1500 1458,79 1350 1520,54 3,92% 1,37% 

4 2000 1945,05 1800 1995,171 2,59% -0,24% 

5 2500 2431,31 2250 2492,511 1,96% -0,30% 

6 3000 2917,5 2700 2992,701 1,57% -0,24% 

7 3500 3403,85 3200 3494,842 0,27% -0,15% 

8 4000 3890,11 3650 3995,67 0,38% -0,11% 

Table 1: First test 

 

 

Figure 4. Need estimation for the first test. 

Estimators need at least 2 points for statistical calculation. 

They therefore fall into account starting from the third 

week. The statistical estim. error corresponds to the error 

obtained using the linear statistical estimators.  

The Corrected value is the actual amount that was 

consumed on the site. The graph shows that the 

estimation is refined over time to practically stick to 

reality and give an accurate estimation of the need 

expressed on the zone. The ARMAX model is more 

accurate in term of numerical precision. 

5.4 Second Test 
 

In this case, it is assumed that the variations of 

consumption follow a hyperbolic appearance. For this 

reason, we will compare the ARMAX model to all of the 

3 statistical estimators (non-linear estimator included). 

week 

Number 

of 

persons 

Fuzzy logic 

estimation  

Corrected 

value 

ARMAX 

estimation 

Statistica

l estim. 

error 

ARMAX 

error 

1 500 486,26 450 486,26 8,05% -2,75% 

2 1500 1458,79 1350 1550,0985 8,05% 3,34% 

3 2000 1945,05 1800 1995,86 6,10% -0,21% 

4 3000 2917,59 2700 3006,0967 1,98% 0,20% 

5 2500 2431,31 2250 2442,912 1,60% -2,28% 

6 2500 2431,31 2250 2498,8213 1,34% -0,05% 

7 1300 1264,29 1170 1295,9613 0,02% -0,31% 

8 750 729,4 675 749,3133 0,02% -0,09% 

Table 2: Second test 
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Figure 5. Need estimation for the second test. 

The ARMAX model gives quite satisfying results. We 

obtain an error that is less than 2% from the 2
nd

 week. 

The forgetting factor makes the algorithm closer to the 

system dynamics and more reactive than the statistical 

estimators.  

In the future, we propose to develop a large library of 

estimators that cover as much mathematical models as 

possible. The operator will then choose to privilege the 

most adequate ones  

 

6. CONCLUSIONS 
 

We are working on a special kind of distributed SC where 

the different interactive entities are hierarchically related. 

We proposed for this SC, a multi-agent architecture 

characterized by independent agent-zones sharing 

information. In this paper, we focus on the provision 

balancing in order to avoid the stock out condition 

throughout the CMSC. We propose a military logistic 

support tool that models its logistics functions, processes, 

expertise, and interactions between entities. Simulation 

results showed that this method seems to be effective 

because it allows an efficient estimation of the future 

needs in a zone stricken by a disaster. The NEA offers the 

possibility to combine the fuzzy logic technology with 

statistical tools to have the best estimation of future 

needs. It allows integrating as many estimators as the 

operator needs for his application. 

In next works, we focus on the use of probabilistic 

models and scalable estimators to take into account the 

statistical characteristic of the phenomenon studied. We 

will also focus on the disturbed mode of the supply chain 

so we adopt an advanced interaction between the 

autonomous entities. Therefore, we propose a new form 

of anticipation to avoid, in a crisis situation, undesired 

states. 
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ABSTRACT 

 

Intelligent transportation systems (ITS) are gaining 

acceptance around the world and the connected vehicle 

component of ITS is recognized as a high priority research 

and development area in many technologically advanced 

countries. Connected vehicles are expected to have the 

capability of safe, efficient and eco-driving operations 

whether these are under human control or in the adaptive 

machine control mode of operations. The race is on to 

design the capability to operate in connected traffic 

environment. The operational requirements can be met with 

cognitive vehicle design features made possible by 

advances in artificial intelligence-supported methodology, 

improved understanding of human factors, and advances in 

communication technology. This paper describes cognitive 

features and their information system requirements. The 

architecture of an information system is presented that 

supports the features of the cognitive connected vehicle. 

For better focus, information processing capabilities are 

specified and the role of Bayesian artificial intelligence is 

defined for data fusion. Example applications illustrate the 

role of information systems in integrating intelligent 

technology, Bayesian artificial intelligence, and abstracted 

human factors. Concluding remarks highlight the role of 

the information system and Bayesian artificial intelligence 

in the design of a new generation of cognitive connected 

vehicle. 

 

Keywords: intelligent transportation system, connected 

vehicle, cognitive vehicle, Bayesian method, artificial 

intelligence, safety, information system. 

 

1. INTRODUCTION 

 

Owing to a number of benefits of intelligent transportation 

systems (ITS), these are finding applications around the 

world. Technological advances continue to add intelligence 

in vehicle design and automation features are on the way 

[1]. Figure 1 presents levels of technological advances and 

approximate time frames. We are now in the midst of Level 

II and the latest form of ITS is centred on connected 

vehicles. These interact with each other (V2V), the 

roadside infrastructure (V2i), and beyond (V2X) by using 

wireless communications. The connected vehicle form of 

ITS is being accorded the status of high priority research 

and development (R&D) area in many technologically 

advanced countries due to the recognition that safe, 

efficient, and eco-driving operations can be achieved 

whether the vehicles are under human control or in the 

adaptive machine control mode of operation. Consequently, 

there is much competition in the automotive R&D field to 

design the capability to operate in connected traffic 

environment. 

Since fully autonomous driving is likely to be decades 

away, for now the challenge is to meet the operational 

requirements with cognitive vehicle design features that go 

beyond the connected vehicle capability. This paper 

presents ideas on adding cognitive features to the connected 

vehicle by using advances in artificial intelligence-

supported methodology, an improved understanding of 

human factors, and advances in communication technology. 

 

 

 

 

 

 

 

 

 

Figure 1. Levels of technological advances and context 

of connected cognitive vehicle design 
Source: Adapted from Khan, Bacchus, Erwin [1]  

 2. ADDING COGNITIVE FEATURES TO 

CONNECTED VEHICLES 

 

Cognitive features that will be desirable addition to the 

connected vehicle design are shown in Figure 2. In this 

paper, the term “cognitive” relates to action or faculty of 

“knowing”, “perceiving”, and “conceiving”. While 

connected vehicles do have much technological capability, 

without the addition of cognitive features, there is little 

chance of achieving comprehensive understanding of 

situations or finding optimality in actions – such as in the 

deployment of active safety measures. 

 

The rationale for developing cognitive vehicle features is 

provided next. 

 The full potential of smarter transportation valued by 

drivers, especially the young generation of drivers, 

cannot be achieved without the cognitive vehicle. 

 In the era of policy trends encouraging the convergence 

of transportation systems and services, the cognitive 

Level I: Pre-2010 (implemented or approved for 

implementation): Advisory/warning information 

systems, assisted driving systems, limited automation 

in driving).  

Level II: 2010-2025 (Advanced advisory and warning 

information systems; advanced assisted/ automated 

driving, connected cognitive vehicle with advanced 

automated driving features).  

Level III: 2025+ (Autonomous vehicle for real world 

applications, limited autonomous driving/specialized 

missions).  
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vehicle is the center point of future intelligent 

transportation. 

 Substantial investments in transportation systems are 

accounted for by sensors and communication devices. 

Without the cognitive vehicle, the instrumentation of 

transportation will be ineffective. 

 

On the basis of industry analyses and research studies, 

cognitive vehicle features of high market potential are 

defined in this paper. As a step in this direction, the 

following observations on improving vehicle design are 

noteworthy.    

 For improving safety, driver workload and distraction 

should be reduced. 

 Selected active safety features are likely to gain favour 

with the users, provided that their designs are improved 

substantially. 

 Advanced driver assistant (driver support) systems that 

take into account “driver intent” are necessary. 

 Automated non-distracted and non-aggressive driving 

feature, if activated by the driver for reasons of 

comfort, convenience and safety, will be a highly 

valuable design contribution.  

 Natural non-distracting driver-vehicle interface that 

reduces driver stress and workload is essential [5].  

 Ability to connect with other vehicles, infrastructure 

and devices is essential for future vehicles. 

The requirements defined above are used as a basis for 

identifying attributes of the cognitive vehicle, which in 

turn lead to specifying design features. Various research 

groups have expressed generally similar views on the 

attributes of the cognitive vehicle [2,3,4]. In arriving at the 

suggested list shown in Figure 2, current and recent 

developments in the use of artificial intelligence in vehicle 

design are taken into account.  

 

 

 

 

              Situational awareness (position, surroundings) 

              Ability to gather data and send out data 

              Ability to process data 

              Ability to cooperate/collaborate 

              Communication for active safety 

              Informing driver about situations 

               (warning, advice) 

              Diagnostic capability 

              In case of crash, capability to send and receive 

              information 

              Ability to provide non-distractive user interface 

              Capability to perform user-requested infotainment 
              tasks  
 
Figure 2.  Features of cognitive connected vehicle  

  
3. INFORMATION SYSTEM REQUIREMENTS 

 

 

                                   

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   

              

                   Figure 3. Functions of the cognitive vehicle 

 

 

The information system will support the features and 

functions of the cognitive connected vehicle (Figure 3). 

This is a very demanding task and calls for capabilities of 

wide scope (e.g. real time operation, advanced 

communication technologies, data management, on-

demand internet access). 

 

A high level architecture of the information system is 

presented in Figure 4. In addition to serving the driver-

vehicle interface and the integrated multi-functional system 

design modules shown in Figure 3, the information system 

has to support the requirements of four functions noted in 

Figure 4. Data capture, processing, and dissemination tasks 

will be carried out using specially designed algorithms and 

technology components. The in-vehicle computing 

capability will be supplemented by cloud computing. 

       

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. High level information system architecture 

 

 

Driver assistant: safety and 

convenience features 

Driver-vehicle 

interface 

Advanced driving features 

(collaborative & cooperative 

driving) 

In-vehicle ITS platform 

Infotainment system design 

capability 

Information 

system 

Cognitive features 

Integrated multi-functional 

system design   

Driver 
assistant 

  

Advanced 
driving 
features 

ITS 
platform 

Info-
tainment 

Safety –
related 
data 

Driver 
comfort & 
convenience 
data 

Data on 
mobility, 
efficiency, 
productivity, 
eco-driving  

Data on 
business, social 
and 
entertainment 
functions  
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4. ROLE OF BAYESIAN ARTIFICIAL 

INTELLIGENCE IN ENABLING COGNITIVE 

FEATURES 

  

The Bayesian methodology has successfully served as the 

foundation for system design and decision analysis in 

situations where uncertain “states of nature” are 

encountered and opportunities are available to refine 

knowledge of uncertain factors. For an introduction to 

Bayesian methodology, the reader is referred to reference 6. 

 

Korb and Nicholson [6] have defined artificial intelligent as 

the “intelligence developed by humans, implemented as an 

artefact”. Bayesian artificial intelligence integrates two 

facets of problem-solving in the design of cognitive 

features of the connected vehicle. The first one is the 

descriptive artificial intelligence which models a human 

action (e.g., non-distracted non-aggressive driving). The 

second is modelling our best understanding of what is 

“optimal” [6]. 

 

The Bayesian artificial intelligence is used in the research 

reported here to produce algorithms that enable driving as 

well or in certain situations better than humans can, while 

adapting to stochastic and changing driving environment 

states. Of course, it is realistic to recognize knowledge 

limitations and use available data to improve probabilities 

of uncertain states. 

 

In the use of Bayesian artificial intelligence, a three step 

approach is followed. The first step is to use algorithms for 

Bayesian analysis of driving missions. The second step is to 

compute expected gains/utilities. Finally, in the third step, 

on the basis of maximum gain/utility, the optimal course of 

action is identified. 

  

For better focus, example applications of Bayesian artificial 

intelligence in the driver assistant function are reported. 

Specifically, information processing and data fusion 

capabilities of this technology are illustrated for collision 

avoidance under human control and adaptive longitudinal 

control of the connected cognitive vehicle. 

 

5. DRIVER ASSISTANT EXAMPLES 

  

The first example is on enhancing safety under human 

control mode of driving by providing collision warnings. 

The second is on adaptive longitudinal control (i.e., under 

machine control) that serves safety as well as driver 

comfort/convenience objectives. 

 

The information system used here integrates intelligent 

technology and human factors and includes a self-

calibrating adaptive model. In the case of human control, 

the model is intended to be a part of a warning system for 

preventing rear and side swipe collisions. Next, the model 

capabilities are extended in the form of adaptive 

longitudinal control so as to go beyond the information 

needs of the driver assistant for serving the requirements of 

human control. That is, in the case of machine control, in 

addition to avoiding collisions, the capability of smooth 

driving is added. 

5.1 Human control 

 

The human control mode of operating the cognitive vehicle 

implies that the control of the vehicle remains with the 

driver. Therefore, the driver is expected to act upon the 

warning received and that active safety features are not 

automatically deployed. 

As noted earlier, cognitive vehicle features are required for 

designing an effective crash warning system. Specifically, 

the following requirements are to be met. 

 Information is available and is within reach on the 

complete situational context (consisting of vehicle, 

driver, and environment). 

 The technology and methodology should be able to 

deliver the capabilities of context awareness, adaptive 

interfaces, driver intention recognition, and driver 

monitoring [7].       

 Distance between vehicles in the longitudinal direction 

and between envelopes of vehicles in the transverse 

direction can be measured on a real time basis and the 

applicable critical distance can be defined under the 

dynamic driving, road and environmental conditions. 

 The methodology-technology combination has the self 

calibration capability (i.e., updating the probability of 

the driver to perceive the correct distance between 

vehicles vis-à-vis safe distance), can monitor driver 

attention or distraction on the basis of corrective 

actions taken (or not taken). 

 The system can decide on the optimal time to issue 

alert and the nature of alert. Progress has been made in 

developing technology that can alert the driver if there 

is potential for a crash. But, many researchers believe 

that their performance is in need of improvement in 

terms of reliability and optimal time for providing the 

alert messages. European researchers have pointed out 

that the driver warning systems should analyse driver 

intention information (i.e., actions) in order to establish 

if premature warnings should be suppressed. Likewise, 

research sponsored by the U.S. Department of 

Transportation has highlighted the importance of 

formally treating driver‟s intention by obtaining 

additional information on driver action or lack of action 

[7]. 

    

A Bayesian model advanced by Khan [7] goes a step 

beyond existing work by developing a probabilistic method 

for the identification of the optimal driver alert message as 

well as the timing of providing this message. The driver 

monitoring part of the system has the capability to 

recognize driver intention and the self-calibrating and 

adaptive features address the deficiencies of existing or 

proposed systems. Although the system has the capability 

to model the side-swipe collision case, due to space 

limitation, only the rear crash case is covered briefly in this 

paper. 

                The design features of the rear crash avoidance system are 

noted next. 

 Modelling the driving environment 

 Location of vehicles & separation distances 
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 Calculation of safety margins & driving states to avoid 

       crash 

 Bayesian model for driver warning & driver action 

       monitoring 

 Self-calibration 

 Analysis and timing of driver alerts 

 Timing of crash warning 

 Nature of warning message 

             

                According to system design, if a distracted or an aggressive 

driver approaches the threshold critical distance dc, a red 

alert is issued. To guarantee safety, dc is set to be higher 

than distance required for emergency stopping in case the 

leading vehicle stops abruptly or a stopped vehicle or a 

stationary object is encountered. The road condition, 

vehicle speed (affected by traffic, weather, and geometric 

design of the road), and other driving environmental factors 

determine the basis for setting the critical distance dc. At dc, 

if a distracted driver ignores a red alert warning and does 

not immediately decelerate to increase distance to the 

leading vehicle, there is approximately 0.5 probability of a 

rear collision. In order to increase the probability of safety 

margin, the designer can increase dc. Other distance 

thresholds are used in the algorithm for issuing alerts. 

These are d1.25c and d1.5c. 

A Bayesian algorithm is used for the identification of 

optimal driver alerts. These are the timing of crash warning 

(i.e., immediate or wait to learn about driver intent) and the 

nature of alert message (e.g., no alert message, amber alert, 

red alert). 

According to the design of the rear collision warning 

system, a check is made on distance between the subject 

vehicle and the leading vehicle. If the distance is less than 

or equal to 1.5 times the critical distance headway, the 

algorithm launches the Bayesian decision analysis.  

The system has the following alert message options: 

 a0  No alert massage is required 

 aA  Amber alert message implies deceleration so as to 

increase distance to achieve target d1.5c state.  

 aR Red alert message requires emergency braking in 

order to avoid a crash and to increase distance to 

achieve d1.5c if the lead vehicle is mobile. If the lead 

vehicle is stationary or if the warning was given in 

order to avoid collision with a stationary object, the 

driver will be able to stop the vehicle without a 

collision.   

 

Timing options for the driver alert are: 

 e0 (early applicable warning issued on the basis of 

initial information) 

 ew (the waiting mode so as to acquire and analyze 

additional information on the dynamics of vehicle-

following and then issue the appropriate warning, if 

applicable) 

Possible readings on the driver‟s correct perception of 

distance are as follows: 

 r0 (no new reading, if e0 is selected), 

 rc (corresponds to dc), r1.25c (corresponds to d1.25c), and 

r1.5c (corresponds to d1.5c). 

 

Prior probabilities of driving states, P’(d), can be computed 

by the imbedded logic of the system design. These are set 

on the basis of a check on the location of the vehicle in 

association with the automated calibration feature of the 

Bayesian model [7]. Alternatively, these can be assigned 

subjectively by the designer. 

Driver reliability of perceiving distance is expressed as 

P(r|d,e), the conditional probability, which serves the 

function of monitoring driver performance. That is, given a 

distance d, the probability that the driver will perceive it 

accordingly (i.e., r). If the driver is fully attentive and has 

excellent perception-reaction characteristics, the driver 

reliability would be high. 

According to the model, if the driver can maintain the 

target distance, the conditional probability P(rc|dc) will be 

high. If the driver is distracted, and/or has relatively poor 

perception-reaction capabilities, driver reliability would be 

low. 

In the self-calibrating mode, this probability is computed 

on the basis of maintaining safe distance and corrective 

action. On the other hand, in spite of decreasing distance to 

the lead vehicle (or a fixed object), if the driver does not 

take corrective action, the P(rc|dc,e) will become small. The 

same pattern applies to other combinations of r and d. As 

an alternative to the self-calibrating function, the 

conditional probabilities can be assigned by the designer on 

the basis of driving simulator studies. 

Here, the non-aggressive driving case is modelled and 

therefore, the driver‟s target is to maintain a safe d1.5c 

distance. On other hand, if the driver becomes distracted, a 

self-calibrating function used for estimating the conditional 

probability P(r|d,e) takes into account this mode of driving 

behavior. 

The conditional probabilities are used to calculate posterior 

probabilities for the case of additional information 

acquisition e. A gain (utility) matrix G(a,d) is used in 

association with prior & posterior probabilities to identify 

the optimal e & a combination.  

Figure 5 shows highlights of the algorithm for the crash 

warning system‟s real-time application and Table 1 

presents results for a freeway driving example. 

The results reflect non-aggressive but distracted driving on 

the freeway. At d1.5c, the driver is alert, given that it is the 

target distance that a non-aggressive driver wishes to 

maintain. However, due to distraction, the driver moves 

closer to the leading vehicle. 

The driver appears to start with a good perception of 

distance at d1.5c. But the driver keeps on proceeding to d1.25 

and d1c. Initially at d1.5c, driver reliability is high. But at 

d1.25 and d1c, the probability of correct perception becomes 

low. 
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Figure 5. Components of crash avoidance algorithm  

Table 1. Optimal courses of action 

Location of 
vehicle & 
prior 
probabilities 
 

d1.5c 

P’(d1.0c) = 
0.1 
P’(d1.25c) = 
0.2 
P’(d1.5c) = 
0.7 

d1.25c 

P’(d1.0c) = 
0.15 
P’(d1.25c) = 
0.7 
P’(d1.5c) = 
0.15 

d1.0c 

P’(d1.0c) = 
0.7 
P’(d1.25c)= 
0.2 
P’(d1.5c)= 
0.1 

Driver 
distraction 

Not 
distracted 

Somewhat 
distracted 

Distracted 

Optimal course 
of action 

ew & a0 ew & aA e0 &aR 

 

The optimal courses of action are shown in Table 1. As 

noted above, model results show that at d1.5c, the driver is 

driving in a non-distracted manner and that the warning 

system is in the monitoring mode (i.e., additional 

information is being gathered and that no alert message is 

required). As the driver reaches d1.25c in a somewhat 

distracted condition, the system is gathering additional 

information on driver intention and if confirmed, amber 

alert will be given. In spite of the amber alert, this 

distracted driver moves even closer to the leading vehicle 

(at d1.0c). The system has decided to issue a red alert 

without waiting for further information on driver action.      

 

5.2 Machine control 

 

As compared to the human control case, the following 

additional cognitive features are required for machine 

control [8].  

 In situations requiring deceleration, capability is 

required for deciding when to take corrective action 

and the level of deceleration (i.e. no deceleration 

required, normal deceleration, emergency deceleration 

necessary). 

 In situations requiring acceleration in order to reach the 

target safe distance to the leading vehicle, deciding 

when to take corrective action and the level of 

acceleration (i.e., no acceleration, normal acceleration, 

and high acceleration). 

 

The adaptive longitudinal control model developed in this 

research goes beyond the capabilities of existing adaptive 

cruise control systems. If the subject vehicle is following 

another vehicle which is not operating under longitudinal 

control, or if a vehicle from a neighbouring lane cuts in 

front of the subject vehicle, the system has to adapt and to 

accommodate these demands. 

Adaptive cruise control designs have been reported and 

some high-end model vehicles feature such equipment. 

However, there is a need to improve the mode of adaptation 

to prevailing traffic flow condition so as to ensure safety 

and at the same time to avoid abrupt speed changes while 

maintaining a target distance between vehicles in the 

vehicle-following driving environment. 

The variables for the longitudinal control model are: 

distance between vehicles (d), critical distance (dc), reading 

on d(r), reading that corresponds to dc (rc), early action 

requiring no waiting (e0), additional information acquisition 

(ew), maintain target distance (a0), normal 

deceleration/acceleration (aN), emergency deceleration (aE), 

and high acceleration(aH).  

The design features of the rear crash avoidance system are 

noted next. 

 Modelling driving environment 

 Location of vehicles & separation distances 

 Calculation of safety margins & driving states to avoid 

       Crash 

 Driving states for reaching the target distance 

 Bayesian model for driving control decisions 

 Self-calibration 

 Calculation of optimal timing and extent of speed 

change 

 Timing of speed change action 

 Extent of deceleration/acceleration  

In this paper, the primary focus is on the vehicle-following 

task, but the model is equally valid for maintaining target 

side-separation distance between vehicles.  

By using methodology, the system is able to identify 

driving states with potential for a rear crash. Vehicle speed, 

road condition and other driving environmental factors are 

used as a basis for this task. The longitudinal control model 

has the capability to automatically update key driving 

parameters, namely the probabilities of critical and longer 

distances, as well as the probability of correctly estimating 

distance to the leading vehicle (as a check on system 

malfunction). 

The Bayesian algorithm, shown in Figure 6 is used for the 

identification of optimal control actions. These are the 

timing of deceleration/acceleration action (i.e., immediate 

or wait) and the magnitude of speed change. In the case of 

deceleration, the options are: no action, normal deceleration 

Location & distance information; Montecarlo 

simulation of safety margins 

Prior probabilities P’(d) & self-calibration for 

updating of probabilities  

Conditional probabilities P(r|d,e) (these reflect 

driver reliability) & self-calibration of for updating 

of probabilities 

Computation of posterior probabilities P”(d|r,e) 

by using Priors and conditional probabilities    

Gain (utility) matrix G(a,d); calculation of expected 
gain & value of information. 
Identification of optimal e & a 
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and emergency deceleration. In the case of acceleration, the 

options are: no action, normal acceleration, and somewhat 

higher acceleration. According to formulation of the 

algorithm, the longitudinal control system in the vehicle-

following environment can be deployed any time to 

perform the following functions: 

 Decelerate to avoid collision 

 Accelerate to reach the target distance 

 Maintain the target distance to the leading vehicle 

Of course the transition from function to function is 

seamless and automatic under machine control. 

For an illustration of freeway driving, platoon average 

speed is 100 km/h (27.8m/sec). The time headway of 2 

seconds results in 55.6m distance available for emergency 

stopping. On the other hand, stopping distance required for 

emergency stopping at 7.0m/sec/sec of deceleration 

amounts to 55.2m. Since this distance is considered to be 

reasonable for emergency stopping and it is approximately 

the same as obtainable if a 2 second headway is maintained 

during an average cruising speed of 100 km/h, this distance 

is used here as dc for illustration purposes. Initial research 

suggests that the following distances should be used in the 

algorithm for decision-making regarding speed changes: 

d1.5c, d1.25c and d1c.  

The results presented in Table 2 suggest that the 

longitudinal control system correctly models the driving 

behaviour of a non-distracted and non-aggressive driver. 

The system can adapt to the demands of the traffic 

environment and yet maintains safe operating distances.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Components of longitudinal control algorithm  

 

Table 2. Driving environment and optimal actions 

Deceleration case Acceleration case 

d1.0c                                 e0&aE 
d1.25c                               eW&aN 
d1.5c                                 eW&a0 

d1.5c                               eW&a0 
 d1.75c                           eW&aN 
d2.0                             eW&aH 

 

6. CONCLUSIONS 

 

1. Information system design requirements should be 

shaped by the cognitive vehicle attributes and 

functions. The driver assistant cases illustrated in this 

paper point out the need for a well structured advanced 

technology-supported information system. 

2. The high level architecture presented here defines the 

role of the information system for the designing the 

various modules of a new generation of cognitive 

connected vehicle.  

3. The driver assistant example cases illustrate the 

integration of intelligent technology, Bayesian artificial 

intelligence, and abstracted human factors. 
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updating of probabilities  

Conditional probabilities P(r|d,e) (these reflect 
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of probabilities 
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gain & value of information. 
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 Location & distance information; Montecarlo 

simulation of safety margins 

 
Deceleration case Acceleration case 

185

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



OS Independent Mobile Solutions for Manufacturing Execution Systems 
 

 

 

Heiko MEYER 

Gefasoft AG 

Department of Research and Development 

Dessauerstraße 15, 80992 Munich, Germany 

 

 

Heiko MEYER 

Technical University of Munich 

Institute of Automation and Information Systems 

Boltzmannstraße 15, 85748 Munich, Germany 

        

 

 

 

 

 

ABSTRACT 

 

From the suppliers' perspective it is best to provide the 

user of a plant with a mobile solution in the form of 

perfectly matching Apps for the rolled-out manufacturing 

execution system. Due to the extremely short innovation 

cycle in the mobile phone development and not least 

because of the first iPhone generation launch in 2007 the 

mobile phone market completely changed over the past 

four years. Today, a large percentage of the sold devices 

can be classified as smart phones. The paper describes an 

easy and reliable way to develop OS independent mobile 

solutions for all common smartphones based on standard 

technologies. 

 

Keywords: HTML 5, PhoneGap, Mobile, Manufacturing 

Execution System, SOAP, Web service, Android. 

 

 

1. INTRODUCTION 

 

For a long time, mobile devices have become widely used 

with control systems. The solutions include proprietary 

pager-based systems just as SMS messages sent by 

traditional mobile phones. But in these cases, the 

maximum number of characters available and the 

possibilities of graphically displaying the transferable 

information are limited. Interaction with the control 

system or taking direct measures is hardly – or only in a 

very simple way – possible. 

Due to the extremely short innovation cycle in the sector 

of mobile phone development and not least because of the 

first iPhone generation launch in 2007 the mobile phone 

market completely changed over the past four years. 

Today, a large percentage of the sold devices can be 

classified as smart phones (s. Fig. 1). The original primary 

function of calling is only playing a minor role. Initially, 

only private users enjoyed these innovative mobile 

possibilities, but meanwhile these technologies have 

reached business users as well. The "mobile" office is 

used by the most different industries and it is hardly 

imaginable working without it any longer. 

 

 

Figure 1: Distribution of smart phones in Germany in 
million pieces – Source: BITKOM 

 

While the Apple App Store offers 425.000 apps for 

download, there are still only a few appropriate solutions 

that are applicable for industrial use, especially for 

production. The same is true for the still young but large 

"Market Place" for Android Devices. This is due to the 

specific features of the available control systems and the 

respective requirements these Apps have to be tailored to. 

In contrast to the consumer market of mainly private 

applications, it is therefore rather difficult to provide a 

universal solution. 
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2. GENERAL TREND 

 

Although, the market offers already some toolbox 

solutions that provide an integration of existing and new 

alarm systems for the building control, SCADA-Systems, 

MES or any other data server to a complete system, these 

solutions still don't provide the functional range to meet 

the requirements of an installation. From the suppliers' 

perspective it is therefore best to provide the user with a 

mobile solution in the form of perfectly matching Apps 

for the rolled-out control system. The next hurdle is to 

select the right hardware-platform. A few years ago, 

Blackberry was the standard in the Smartphone sector, but 

various other platforms become increasingly established 

on the market, particularly iOS and Android. Now, the 

challenge is to create solutions that can be applied equally 

for the most important devices, so that the end customer 

can select his favorite hardware. 

This general trend should be used by the automation 

engineering for innovative solutions. The evaluation of a 

complex or highly automotive production process 

requires, inter alia, significant key data. Only a 

performance measurement system that is able to process 

and provide data in real time enables an efficient control 

of the production for the management. For collecting, 

calculating and filing key data, stand-alone systems or 

functional modules are applied in integrated production 

systems, such as a MES (Manufacturing Execution 

System). 

 

3. DATA ENTRY DURING THE PROCESS 

 

In the heterogeneous IT landscapes of production, online 

interfaces to the production controls can usually be 

implemented only at considerable expense and are thus 

somewhat of an exception. Yet in comparison with 

manual data entry using what are known as MDA – 

Machine Data Acquisition or PDA – Production Data 

Acquisition terminals, the significance and quality of 

online data are considerably higher. Reliable key 

performance indicators therefore require online interfaces. 

The interfaces should be standardized as much as possible 

to make accessibility more feasible. 

The level of detail and the quality of the data entered have 

a decisive influence on the quality of the indicators. For 

example, the availability per plant/machine mentioned 

above can be displayed with a “collective alarm” for each 

machine. But if you want to break down this factor into 

the components “technical”, “organizational”, and 

“system related”, you need three “alarms” for the process. 

This increase in detail immediately leads to imprecision 

that opens the way to different interpretations: what 

happens when several different “classes” of alarms appear 

simultaneously? To solve this problem, an open class and 

priority concept is needed that can be adapted to the 

circumstances of production. 

4. KPI PROCESSING 

 

The calculation of the key data has to be flexibly 

adaptable to the requirements of different production 

areas. A flexible visualization tool for the collected raw 

data and calculated key data is required. Data that is not 

distributed attractively will not be used in the end. 

Currently, there's a trend to simplify the reporting using 

as little key data as possible via "Dashboards" or "Signal 

solutions". This might be enough for an initial assessment 

of the situation, but it doesn't provide any further analyses 

and thus no derivation of measures, too. That is the reason 

why the reporting of key data should provide the 

possibility for "Drill-down" (how is the value made up 

and which partial aspect has been essential) and also the 

history of the key data (trend value or statistical outlier). 

In the industrial environment with its high grade 

automotive technologies, OEE (Overall Equipment 

Efficiency = product of availability, performance and 

quality rate) has become a universal indicator. The 

parameter “availability” reflects the reliability of the 

machinery and plants and takes account of disturbing 

influences. The parameter “performance” provides 

information about idle time and cycle time overrun and 

the “quality rate” represents losses from quality issues. 

Thus, the OEE is an indicator that includes all relevant 

influence. Although it provides an initial indicator for a 

general assessment, it doesn’t allow a detailed causal 

research. For this, the single parameters and other key 

data –adjusted to a specific problem – normally are more 

appropriate. In many applications, especially the 

parameter "availability" is calculated and interpreted in 

different ways. A classification of the availability into 

"technical" (from the perspective of machinery / 

production plants), "system-dependent" (idle times caused 

by close-by plants/engines) and "organizational" elements 

is one example for such a detailing. Thus the OEE will 

include an “overall availability", which is the result of 

purging the overlaps of the three indicators mentioned 

above.  

 

5. COMMUNICATION 

 

 

Figure 2: Continuous communication from the PLC to the 
mobile device 
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An online connection from the production control to the 

control system allows a timely high quality data 

acquisition. The data transfer to the mobile device has to 

take place without any major delays (s. Fig. 2). 

Connecting the controls of the shop floor takes place 

either via standards, such as OPC or via a direct socket-

connection (TCP/IP). All process data and reports of the 

control level will be entered in the central data base of the 

MES via the gateway. The web server accesses to this 

one. Data processing for the web client in the production 

and for the smart phones is done via web application. If 

required (for reasons of greater security), it is possible to 

install an additional web server outside the firewall to 

connect the mobile devices. The entire MES 

communication is designed bi-directionally. Even all data 

that is transmitted to the shop floor will be previously 

entered into the database. 

 

6. KPI APP 

 

Using for example the iLegato KPI-App (s. Fig. 3) the 

employee has the possibility to access the subscribed key 

data of his production sector any time. Based on the OEE, 

it is possible to use additional key data of the node for 

assessment. Alerts und process values can easily be 

observed and if necessary actions initiated. The 

configuration is made comfortably in an easy way via the 

regular web client of the control system, executable on a 

standard web browser. 

 

 

Figure 3: Native iPhone interface with iLegato KPI-App 

 

In industrial production, a “shift” is used as a given period 

for collecting production key data. Normally, production 

requirements are specified in a shift rhythm (e.g. volume 

and products) and the production employees work in 

shifts, too. 

Thus, a target/actual comparison will be possible, and the 

employees have a direct access to the key data of their 

shift. Via iLegato, the employee has the possibility to 

access to the entire archived key data of his subscribed 

node. To guarantee an unerring entry, the date selection is 

done via large icons. An additional option is to filter for 

“early shift” to –for example – accordingly restrict the 

display. 

The advantage of calculating key data within specified 

periods is comparability and the provision of trends over a 

longer period. An immediate response to unsatisfactory 

results by the production management or by the 

maintenance department is only possible at the end of a 

period. The online determination of key data will remedy 

this shortcoming. Based on this data, the responsible 

employees are able to take corrective measures any time. 

At this point, the advantage of the mobile entirely 

becomes effective. Equivalent to the above description, it 

is possible to subscribe all online key data and to display 

it almost in real-time. The disadvantage is that the 

solution is implemented native in Objective-C (iOS).  

 

7. HTML 5 

 

The web is constantly evolving. New and innovative 

websites are being created every day, pushing the 

boundaries of HTML in every direction. HTML 4 has 

been around for nearly a decade now, and publishers 

seeking new techniques to provide enhanced functionality 

are being held back by the constraints of the language and 

browsers. 

To give authors more flexibility and interoperability, and 

enable more interactive and exciting websites and 

applications, HTML 5 introduces and enhances a wide 

range of features including form controls, APIs, 

multimedia, structure, and semantics. The new technology 

introduces a whole set of new elements that make it much 

easier to structure pages. 

HTML 5 provides mobile device users richer web 

applications and improved usability. The new features of 

HTML 5 standardize the use cases and technologies that 

are common in smartphone-optimized mobile web 

applications. In today’s Mobile Web of WML or 

XHTML-MP or HTML 4 documents, these features are 

implemented using proprietary device and browser APIs. 

With HTML 5, advanced web application features are 

available in all mobile browsers supporting the markup 

language, using the same standard syntax and displaying 

the same standard behavior. 

 

8. PHONEGAP 

 

PhoneGap is an open-source mobile development 

framework developed by Nitobi Software. It enables 

software programmers to build applications for mobile 

devices (s. Fig. 4) using JavaScript, HTML5 and CSS3, 

instead of often less-known languages such as Objective-

C (iOS). The resulting applications are hybrid, meaning 

that they are neither truly native (all layout rendering is 

done via the webview instead of Objective-C or Corona 
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apps) nor purely web based (many of the functions would 

be supported by HTML5). One disadvantage is that 

hybrid applications do not always have full access to the 

device application programming interface (API), it 

depends from the used OS. 

 

 

Figure 4: PhoneGap interface with iLegato Monitor-App 

 

PhoneGap currently supports development for the 

operating systems Apple iOS, Google Android, HP 

webOS, Microsoft Windows Phone, Nokia Symbian OS 

and RIM BlackBerry. Support for recent versions, such as 

BlackBerry 5 and 6 and Windows Phone 7, is being 

implemented now. 

9. CONCLUSION 

 

In addition to the condition monitoring of the machinery 

and plants via significant key data, the support for the 

maintenance department via the control system is very 

important. Applications for iPhone, Android devices and 

Blackberry are developed based on html 5 and the open 

source solution PhoneGap. In this way, it is possible to 

edit alarm messages of the subscribed node, and to take 

specific actions. The application is running in the 

background and – in case of a new alarm message -will 

give a note to the user via vibration alarm or acoustic 

signal. 
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Abstract 

Valid time database comprises valid time state tables, which 

keep facts that are currently true, believed to be true in the past, 

and expected to be true in the future. Temporal queries on these 

tables are both useful and necessary for many applications. 

However, the introduction of valid time periods to database 

tables leads to complex data manipulations especially delete and 

update operations. Conventional Database Management 

Systems users have to use standard SQL to handle temporal 

queries and temporal data manipulations which lead to long and 

complicated SQL statements. This paper investigates the valid 

time temporal database features which are available in 

Oracle11g. We found that the Oracle11g Workspace Manager 

provides valid time temporal database operations comparable to 

those appear in temporal database literatures.

Keywords: Temporal database, Valid Time State Table, 

Oracle11g Workspace Manager

1. Introduction 

Temporal databases are databases that support time validity of 

facts and also the time that the facts are current in the database. 

The time validity is called the valid time which is the time that 

the fact is true according to current belief. Unlike conventional 

databases, that keep only current facts, databases with the valid 

time support also keep facts which were true but may no longer 

be true, facts which are currently true, and also facts which are 

expected to be true in the future. This kind of databases is for 

time varying information and the database is referred to as valid 

time database and their tables are called valid time state tables 

[1].  

There is another kind of temporal database which 

keep the time that the fact is current in the database. The fact 

itself may be time varying or non time varying. This kind of 

temporal database is called transaction time database. In the 

case that the fact is not time varying, with respect to the human 

lifespan, the non time varying fact usually refers to 

measurements and such measurements can by more precisely 

obtained as time passes and measuring technology progressed. 

Classic examples include the brightness of stars, the height of 

mountain peaks etc. They are believed to be fixed but can also 

be corrected for better precision. Transaction time database 

keeps track of these changes. Databases for time varying 

information which has both valid time and transaction time are 

referred to as bitemporal databases and their corresponding 

tables are called bitemporal tables. In this paper, we concentrate 

only on the valid time database. We present how Oracle11g 

workspace manager handle valid time state tables. The creation 

of such tables, the insertion, deletion and updating with time 

consideration together with the temporal queries are presented. 

2. Valid Time State Table 

Databases keep facts and facts can be changes over time. 

Insertion, deletion, and modification are common operations on 

databases. In conventional databases, only current facts are 

available. Deleted facts are physically removed from the 

database and updated facts have old values physically replaced 

by new ones. Historical information is not available unless 

deliberately kept with timestamps attached. Such introduction of 

time into databases was once believed to be straight forward and 

trivial. However, the introduction of time into databases which 

is technically called temporal databases is now recognized as a 

research area.  The database table which keeps different states 

of objects or relationships at different time period is now 

referred to as a valid time state table.  

Even though the introduction of time to databases in 

the research community is well known to database researchers 

[1],[2],[3] practitioners find difficulties implementing them on 

commercially available DBMSs. This is due to the fact that the 

temporal database features are not parts of the SQL standard 

currently implemented by them. Richard Snodgrass, a top 

researcher in this area, tried to introduce the temporal database 

concepts and the importance of temporal applications to the 

public by writing articles on the topic and published them in 

Database Programming and Design during June – October 

1988. The collection of these articles is republished as [4]. The 

paper clearly demonstrates the difficulty of temporal data 

handling in relational databases and proposed an extended SQL 

syntax which reduces the complication of the temporal SQL 

queries. His book on the development of temporal database 

applications was published in year 2000 [5]. 

In this paper, we present the use of Oracle11g 

workspace manager [6] to handle temporal database operations. 

A simple table POSITIONS which keeps the employee id and 

position at work of employees for demonstration purpose. The 

table can be created using a simple SQL statement: 

CREATE TABLE  positions (

   emp_id    NUMBER PRIMARY KEY,

   job_position   VARCHAR2(30) );

This is a non temporal table which has emp_id as its 

primary key. This means that the value of emp_id must be both 

unique and not null. However, the temporal version of the table, 

as shown in Figure 1, where valid time from_date and to_date 

are introduced causes the emp_id values to appear more than 

once and violates the primary key constraint. In fact, the 

primary key of this temporal table is (emp_id,from_date). An 

immediate consequence is the more complicated referential 

integrity declarations since the foreign keys will need to refer to 

the from_date as well. To avoid this complicated situation, we 

refer to the non temporal primary key as the apparent primary 

key. The value of this apparent primary key must be unique at 
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any point in time, including the current time, of course. It is the 

user’s responsibility to specify this apparent primary key at the 

table creation time.  

EMP_ID  JOB_POSITION      FROM_DATE   TO_DATE     

----------- -----------------------------   ------------------- --------------  

46            Manager                      2005-02-16   9999-12-31  

47           Manager           2012-06-01   9999-12-31  

84            Project Manager         2008-01-01   2010-01-01  

85            Senior Engineer          2010-01-01   2012-01-01  

101           Programmer                2010-01-01   2012-01-01  

156           Webmaster                2008-01-01   2010-01-01  

77            Manager                 2005-05-01   2007-01-01  

77            Manager                 2008-01-01   9999-12-31  

78            Programmer            2006-01-01   2006-11-01  

79            Programmer              2006-06-01   9999-12-31  

84            System Analyst          2005-02-16   2008-01-01  

84            System Analyst        2010-01-01   9999-12-31  

85            Engineer               2007-01-20   2010-01-01  

101      Senior Programmer    2012-01-01   9999-12-31  

Figure 1. A Valid time state table POSITIONS 

The valid time state table in Figure 1 presents facts 

and the valid time period which shows when the facts are true. 

Facts which are no longer true is also available. Using the 

Oracle 11g workspace manager one may simply introduce the 

valid time to a table and make it a Validtime state table. The 

command is:  

EXECUTE   DBMS_WM.EnableVersioning( 'positions', 'VIEW_WO_OVERWRITE',    

FALSE,  TRUE);

The last two parameters inform the DBMS if the table 

is a spatial table (in this case it is FALSE) and valid time (in this 

case it is TRUE). The system will automatically add the valid 

time periods from_date and to_date  and handle temporal 

database operations automatically as well. The users simply 

specify the valid time period which is to be applied to the 

database. Temporal database operations are presented in the 

following sections. 

The valid time format is the so called closed-open 

format. The from_date is the date when the fact is true. 

However, the to_date is the first date that the fact is false.  For 

example, from_date 2005-05-01 and to_date 2007-01-01 means 

that the fact is valid from May 1, 2005 to December 31, 2005. 

This close-open format is well accepted because it is 

convenience to check period continuity. The from_date of a row 

can be matched with the to_date of the past row. Note that the 

date December 31, 9999 is the maximum value of the date data 

type and represents infinity. The infinity TO_DATE value 

means the fact is still current. This notation of current validity is 

well accepted by the academic world as well as in practice. 

However, C. J. Date [3] expresses concerns on this future date 

and proposes that a moving NOW value should be introduced. 

Oracle allows null values in the to_date and interprets them as 

“still valid”. When a row is inserted, the null value is specified 

as “until changed”.  

There are also concerns on the redundancy issue. 

Apart from redundant values in the normal database sense, valid 

time state tables are prone to have redundancies which have 

same information values over the same period of time. These 

are called sequence redundancy. This kind of redundancy could 

take place in the past, at present, or in the future. They have the 

same fact values (value equivalent) during the same period of 

time.   A special case of the sequence redundancy is the current 
redundancy where fact values are redundant at the current point 

of time. These redundancies can be handled by the database 

management system (DBMS) using user-supplied trigger codes 

or stored procedures. 

3. Temporal Queries 

Queries on the valid time state table can also be classified into 

three categories; namely current, sequence and non sequence. 

The current query retrieves facts which are true at present. The 

sequence query retrieves facts which are true during a given 

period of time. The nonsequence query retrieves facts on the 

time attributes. It treats the valid time attributes the same as 

other non temporal attributes.  

3.1 Current Queries 

Current queries are queries that expect current results; 

facts which are currently true and satisfy the search conditions. 

In principle, current queries (and other current operations) on 

temporal database system should be compatible with 

conventional databases. Current queries are therefore almost 

identical to normal SQL queries except the references to valid 

time columns. As an example, suppose we would like to know 

the position of all currently employed employees. A simple, 

unqualified SQL select statement will work provided that the 

current valid time setting is first issued. The SetValidTime 

keyword without parameters means current valid time setting. 

The commands and corresponding result are shown in Figure 2. 

Note that the “current” condition does not have to be specified 

in the query and the result is actually the current subset of 

Figure 1.

EXECUTE  DBMS_WM.SetValidTime( );

SELECT     emp_id,  job_position,  

  TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

  TO_CHAR(e.WM_VALID.VALIDTILL, 'YYYY-MM-DD') TO_DATE 

FROM  positions  e; 

EMP_ID  JOB_POSITION      FROM_DATE   TO_DATE     

----------- ------------------------------   ------------------  --------------  

46             Manager                 2005-02-16   9999-12-31  

47            Manager                 2012-06-01   9999-12-31  

77            Manager                 2008-01-01   9999-12-31  

79             Programmer              2006-06-01   9999-12-31  

84       System Analyst          2010-01-01   9999-12-31  

101          Senior Programmer       2012-01-01   9999-12-31 

Figure 2. A current query and result 

3.2  Sequence queries 

As mentioned earlier, “sequence” means temporal 

consideration. Queries on past, present and future facts are 

feasible. Without special temporal features, long and complex 

SQL statements are often required for queries which are 

common in practice and sound very simple. However, they are 

not easy to formulate in conventional SQL. For example, if we 

want to know who were in the same position during the same 
period of time? Suppose a person was a manager during the 

period p1 and another person was a manager during a period p2, 

there are four possible cases that the query must cover; namely,  

p1 begins before p2, p2 begins before p1, p1 contains p2, and 

p2 contains p1. Using standard SQL, there need to be four SQL 

queries; one for each case and the final result is the union of 

their results. 
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 Using Oracle11g Workspace manager the 

WM_OVERLAPS keyword covers all the four cases and the 

apparently complicated query becomes a straight forward one as 

shown in Figure 3. 

EXECUTE     DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME , 

DBMS_WM.MAX_TIME );

SELECT e1.emp_id EMP_1,   e2.emp_id  EMP_2,   e1.job_position,  

   TO_CHAR(e2.WM_VALID.VALIDFROM,'YYYY-MM-DD')  FROM_DATE, 

 TO_CHAR(e2.WM_VALID.VALIDTILL, 'YYYY-MM-DD') TO_DATE 

FROM     positions e1,   positions e2 

WHERE  e1.emp_id         <   e2.emp_id   

AND        e1.job_position  =   e2.job_position 

AND        WM_OVERLAPS(e1.WM_VALID, e2.WM_VALID)=1;

EMP_1  EMP_2  JOB_POSITION   FROM_DATE   TO_DATE   

----------- ----------- --------------------- ------------------ ------------- 

46       47         Manager                2012-06-01  9999-12-31 

79       101       Programmer            2010-01-01  2012-01-01  

46       77         Manager           2005-05-01 2007-01-01 

47      77        Manager           2008-01-01  9999-12-31 

46    77      Manager            2008-01-01  9999-12-31 

78       79        Programmer          2006-01-01  9999-12-31  

Figure 3. A sequence temporal join query using Oracle11g 

Workspace Manager 

 Notice that the Validtime is set to cover the entire 

possible period of time supported by the database system. In 

fact, the valid time can be set to narrow down the search to a 

given period of time. The following example in Figure 4 shows 

all employees who were employed during 2011-08-01 and 2012-

04-30. The period to which the query is applied is referred to as 

the period of applicability. 

EXECUTE     DBMS_WM.SetValidTime(TO_DATE('2011-08-01','YYYY-MM-

DD'), TO_DATE('2012-04-30','YYYY-MM-DD')); 

SELECT emp_id, job_position,  

    TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

    TO_CHAR(e.WM_VALID.VALIDTILL,'YYYY-MM-DD') TO_DATE 

FROM  positions e;

Figure 4. Valid time setting to limit the period of applicability 

However, if we would like to have only the employees 

whose work period is precisely equal to the required period of 
applicability, a search condition with the keyword 

WM_EQUALS must be employed. Here the period is from 

2011-08-01 to 2012-04-30.  An example is shown in Figure 5. 

EXECUTE    DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME); 

SELECT emp_id, job_position,  

    TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

    TO_CHAR(e.WM_VALID.VALIDTILL,  'YYYY-MM-DD') TO_DATE 

FROM     positions e  

WHERE  WM_EQUALS(e.WM_VALID, 

                  WM_PERIOD(TO_DATE('2011-08-01','YYYY-MM-DD'), 

                                           TO_DATE('2012-04-30','YYYY-MM-DD')))=1;

Figure 5. The identical period searching using WM_EQUALS 

Another practically common query, which is 

relatively hard to formulate using standard SQL even with 

procedural extension such as PL/SQL[7], is the overlapped case 

with a known period. An example is shown in Figure 6. The 

query is to find employees who work as programmers when the 
employee number 46 is a manager.  

EXECUTE    DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT   e1.emp_id  EMP_1,   e2.emp_id  EMP_2,   e2.job_position,  

    TO_CHAR(e2.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

    TO_CHAR(e2.WM_VALID.VALIDTILL,   'YYYY-MM-DD') TO_DATE 

FROM      positions e1, positions e2 

WHERE   e1.emp_id  < e2.emp_id 

AND     e1.emp_id  = 46 

AND     e1.job_position = 'Manager' 

AND     e2.job_position = 'Programmer' 

AND     WM_OVERLAPS(e2.WM_VALID,e1.WM_VALID)=1;

EMP_1   EMP_2 JOB_POSITION FROM_DATE   TO_DATE     

------------ ----------- ---------------------- -------------------  ----------------  

46           101           Programmer           2010-01-01  2012-01-01  

46         78          Programmer            2006-01-01  2006-11-01  

46        79          Programmer      2006-06-01  9999-12-31 

Figure 6. A sequence query with overlapped time period checking 

4.  Temporal Data Manipulations

Temporal queries are very useful and the temporal support 

provided by Oracle 11g Workspace Manager is handy. Even 

though it takes less time and effort to formulate the temporal 

queries, one still may not be convinced that the temporal 

support provided is significant. In this section, the more difficult 

parts of temporal database operations, the data manipulations, 

especially delete and update operations are discussed.  

Temporal insertion is straight forward. The period of 

validity must be supplied first before the insertions otherwise 

they will be considered as current validity. Delete and update 

are complicated. The period of applicability of the operation and 

the period of validity of existing facts must be considered 

together. A temporal delete (or logical delete) may result in 

several physical updates and a physical insert. A temporal 

update (or logical update) may result in a physical update and 

two physical inserts. Note that the term “logical” here refers to 

the temporal database level where the temporal applications see 

the database. The term “physical” refers to the conventional 

database as seen by non-temporal applications. In the database 

area, these terms are not fixed to a level of abstraction but are 

relative to the level of operations which is being referred to.  

4.1 Sequence Insert 

Sequence insertion is the most straight forward 

activity. One simply specify the period of fact validity. An 

example, Figure 7 shows the fact that employee #44 was a 

system analyst during the period 2005-02-16 and 2008-01-01 is 

inserted. Note that this is the close-open format which means 

that the fact does not hold on the day 2008-01-01. A current 

insert is simply a special case of the sequence one. In this case 

the from_date is SYSDATE and the to_date is 

DBMS_WM.MAX_TIME (9999-12-31) or 

DBMS_WM.UNTIL_CHANGED. 

INSERT INTO positions VALUES(44, 'System Analyst', 

      WMSYS.WM_PERIOD(TO_DATE('2005-02-16','YYYY-MM-DD'), 

                                        TO_DATE('2008-01-01','YYYY-MM-DD')));  

INSERT INTO positions VALUES(47, 'Manager', 

     WMSYS.WM_PERIOD(SYSDATE,DBMS_WM.UNTIL_CHANGED)); 

Figure 7. A sequence and a current insert 
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4.2 Sequence Delete 

Sequence deletion is a challenging task. A fact which 

is valid during a period of time (this is referred to as the period 

of validity: PV) is to be removed (deleted) from the database 

only for another period of time (this is referred to as the period 

of applicability: PA). There are four possible cases that the PA 

and PV are overlapped. Similar to the sequence queries where a 

single OVERLAP operator takes care of all the four cases, the 

sequence deletion features of Oracle11g Workspace Manager 

takes care of all the four possible cases automatically. The user 

simply supplies the PA; the DBMS will check and decided 

which of the four cases is applicable. The four temporal deletion 

cases are shown in Figure 8. 

Figure 8 Sequenced Deletion Cases [4] 

In the case 1, PV contains PA. This means that the 

fact which is true during PA is to be removed from the database. 

The physical operations which are equivalent to the temporal 

deletion in this case include one update and one insert. The 

update sets the to_date of the fact row to be the from_date of the 

PA. The insert inserts a new row with the old fact value with the 

from_date equals to the to_date of PA and to_date equals to the 

to_date of PV. 

In the case 2, PV overlaps PA in such a way that PV 

begins before PA. The physical operation is only one update. 

The to_date of the fact row is simply set to be the from_date of 

PA. In the case 3, PV also overlaps PA. However, in this case, 

PA begins before PV and the physical operation is also only one 

update. The from_date of the fact row is set to the to_date of 

PA. The final case 4 is the case where PA contains PV and the 

entire fact row has to be physically deleted. 

When a sequence delete with a PA is applied to the 

database, the issuer may not know the PV of the fact rows 

which are to be deleted. The deletion request therefore has to 

cover all the four possible cases. In conventional SQL, this 

includes an insert, some updates and a delete. Using Oracle11g 

Workspace Manager, the user simply supplies the period of 

applicability PA and a simple delete statement. All the four 

cases are taken care of automatically.  

Figure 9 demonstrates the deletion case 1 using 

Oracle11g Workspace Manager syntax. We first insert a new 

demonstration row which states the fact that employee 77 is a 

manager from 2005-05-01 until now (9999-12-31). A simple 

selection follows the insertion to show that the row is inserted. 

After that, the period of applicability is set to be 2007-01-01 and 

2008-01-01; follows by a simple delete statement. This is the 

sequence delete. The last SQL select statement shows the two-

row results are according to the case 1. 

EXECUTE DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT emp_id, job_position,  

   TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

   TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD') TO_DATE 

FROM  positions e 

WHERE emp_id=77;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  --------------  

77            Manager                 2005-05-01   9999-12-31  

EXECUTE   DBMS_WM.SetValidTime(TO_DATE('2007-01-01','YYYY-MM-

DD'),TO_DATE('2008-01-01','YYYY-MM-DD'));

DELETE FROM positions WHERE emp_id=77;

EXECUTE   DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT emp_id, job_position,  

    TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

    TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD') TO_DATE 

FROM    positions e 

WHERE emp_id=77;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  --------------  

77              Manager              2005-05-01  2007-01-01  

77      Manager                 2008-01-01   9999-12-31  

Figure 9 Oracle SQL codes for Case 1 Sequence Deletion 

Figure 10 demonstrates the deletion case 2 using 

Oracle11g Workspace Manager syntax. We first insert a new 

demonstration row which states the fact that employee 78 is a 

Programmer from 2006-01-01 until 2006-12-31. A simple 

selection follows the insertion to show that the row is inserted. 

After that, the period of applicability is set to be 2006-11-01 and 

9999-12-31; follows by a simple delete statement. This is the 

sequence delete. The last SQL select statement shows the result 

row which is according to the case 2. 

INSERT INTO positions VALUES( 78, 'Programmer', 

     WMSYS.WM_PERIOD(TO_DATE('2006-01-01','YYYY-MM-DD'), 

       TO_DATE('2006-12-31','YYYY-MM-DD')));

EXECUTE     DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT emp_id,   job_position,      

    TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

    TO_CHAR(e.WM_VALID.VALIDTILL,  'YYYY-MM-DD') TO_DATE 

FROM     positions e 

WHERE  emp_id=78;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  ---------------  

78             Programmer             2006-01-01   2006-12-31  

EXECUTE    DBMS_WM.SetValidTime(TO_DATE('2006-11-01','YYYY-MM-

DD'), DBMS_WM.MAX_TIME); 

DELETE FROM positions WHERE emp_id=78; 

EXECUTE     DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT emp_id, job_position, 

   TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

   TO_CHAR(e.WM_VALID.VALIDTILL,  'YYYY-MM-DD') TO_DATE 

FROM  positions e 

WHERE emp_id=78;
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EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  ---------------  

78           Programmer               2006-01-01   2006-11-01  

Figure 10 Oracle SQL codes for Case 2 Sequence Deletion 

Figure 11 demonstrates the deletion case 3 using 

Oracle11g Workspace Manager syntax. We first insert a new 

demonstration row which states the fact that employee 79 is a 

Programmer from 2006-01-01 until now (9999-12-31). A 

simple selection follows the insertion to show that the row is 

inserted. After that, the period of applicability is set to be 2005-

01-01 and 2006-06-01; follows by a simple delete statement. 

This is the sequence delete. The last SQL select statement 

shows the result row which is according to the case 3. 

INSERT INTO positions VALUES( 79, 'Programmer', 

     WMSYS.WM_PERIOD(TO_DATE('2006-01-01','YYYY-MM-DD'), 

        DBMS_WM.MAX_TIME)); 

EXECUTE    DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME); 

SELECT emp_id, job_position,  

    TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD')  FROM_DATE, 

    TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD')  TO_DATE 

FROM     positions e 

WHERE emp_id=79;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  ---------------  

79          Programmer             2006-01-01   9999-12-31  

EXECUTE DBMS_WM.SetValidTime(TO_DATE('2005-01-01','YYYY-MM-

DD'),TO_DATE('2006-06-01','YYYY-MM-DD'));

DELETE FROM positions WHERE emp_id=79;

EXECUTE    DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT emp_id, job_position,  

TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

   TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD') TO_DATE 

FROM  positions e 

WHERE emp_id=79;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  ---------------  

79          Programmer             2006-06-01   9999-12-31 

Figure 11 Oracle SQL codes for Case 3 Sequence Deletion 

Figure 12 demonstrates the deletion case 4 using 

Oracle11g Workspace Manager syntax. This is the case where 

PA contains PV and the entire fact row will be deleted. We first 

insert a new demonstration row which states the fact that 

employee 80 is a Programmer from 2006-01-01 until now 

(2006-12-31). A simple selection follows the insertion to show 

that the row is inserted. After that, the period of applicability is 

set to be 2005-01-01 and 9999-12-31; follows by a simple 

delete statement. This is the sequence delete. The last SQL 

select statement shows no result row which is according to the 

case 4. 

INSERT  INTO  positions VALUES( 80,  'Programmer', 

    WMSYS.WM_PERIOD(TO_DATE('2006-01-01','YYYY-MM-DD'), 

      TO_DATE('2006-12-31','YYYY-MM-DD'))); 

EXECUTE    DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT  emp_id,  job_position,  

   TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD')  FROM_DATE, 

   TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD') TO_DATE 

FROM     positions  e 

WHERE emp_id=80;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  ---------------  

80          Programmer             2006-01-01   2006-12-31 

EXECUTE DBMS_WM.SetValidTime(TO_DATE('2005-01-01','YYYY-

MM-DD'), DBMS_WM.MAX_TIME);

DELETE  FROM  positions WHERE emp_id=80;

EXECUTE    DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME);

SELECT emp_id,  job_position,  

   TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD')  FROM_DATE, 

   TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD') TO_DATE 

FROM    positions e 

WHERE emp_id=80;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  ---------------  

0 rows selected 

Figure 12 Oracle SQL codes for Case 4 Sequence Deletion 

4.3 Sequence Update 

Sequence update is also a challenging task. A fact 

which is valid during the period of validity PV is to be modified 

during the period of applicability PA. Similar to the sequence 

deletions, there are four possible cases that the PA and PV are 

overlapped. They are illustrated in Figure 13. Here the sequence 

update features of Oracle11g Workspace Manager also take care 

of all the four possible cases automatically. The user simply 

supplies the PA; the DBMS will check and decided which of the 

four cases are applicable.  

Figure 13 Sequenced update cases [4] 

The case 1 is when the PV contains PA. It is an 

update from the old value to the new value during the PA 

period; the result comprises three parts. The first part is the 

original row with the old value retained. Its from_date is the 
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same as the from_date of the PV and the to_date is equal to the 

from_date of PA. The second part is the newly updated value. 

This is a new row whose from_date and the to_date is precisely 

the same as the PA. The third part is the row which has the old 

value. Its from_date is the to_date of the PA and the to_date is 

the to_date of the PV. This third part is also a newly inserted 

row. In summary, an update in the case 1 physically requires 

one update and two insert operations. 

The case 2 is when PV precedes and overlaps PA. In 

this case, the old value in the original row is retained until the 

beginning of PA. Its to_date is set to the from_date of PA. A 

new row with the new value is inserted. Its from_date is the 

from_date of PA and the to_date is the to_date of PV. One 

update and one insert are required in total for this case. 

Similarly, the case 3 requires one update and one insert. The 

case 4 requires the entire existing row to be updated since PA 

contains PV. 

Figure 14 demonstrates the update case 1 using 

Oracle11g Workspace Manager syntax. We first insert a new 

row which states the fact that employee 45 is a system analyst 

from 2005-05-16  until now (9999-12-31). A simple selection 

follows the insertion to show that the row is inserted. After that, 

the period of applicability is set to be 2008-01-01 and 2010-01-

01; follows by a simple delete statement. This is the sequence 

delete. The last SQL select statement shows the three-row 

results according to the sequence update case 1. Due to space 

limitation, we can only demonstrate this case. The other cases 

are according to the sequence update principle. 

INSERT  INTO  positions  VALUES( 45, 'System Analyst', 

    WMSYS.WM_PERIOD(TO_DATE('2005-05-16','YYYY-MM-DD'), 

                    DBMS_WM.MAX_TIME)); 

EXECUTE      DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME); 

SELECT  emp_id,  job_position,  

   TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD') FROM_DATE, 

   TO_CHAR(e.WM_VALID.VALIDTILL,  'YYYY-MM-DD') TO_DATE 

FROM    positions e 

WHERE emp_id=45; 

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  --------------  

45             System Analyst           2005-05-16   9999-12-31 

EXECUTE DBMS_WM.SetValidTime(TO_DATE('2008-01-01','YYYY-

MM-DD'), TO_DATE('2010-01-01','YYYY-MM-DD'));

UPDATE  positions  SET job_position='Project Manager'   

WHERE  emp_id=45;

EXECUTE      DBMS_WM.SetValidTime(DBMS_WM.MIN_TIME, 

DBMS_WM.MAX_TIME); 

SELECT   emp_id,  job_position,  

  TO_CHAR(e.WM_VALID.VALIDFROM,'YYYY-MM-DD')  FROM_DATE, 

  TO_CHAR(e.WM_VALID.VALIDTILL,   'YYYY-MM-DD')  TO_DATE 

FROM     positions e 

WHERE  emp_id=45;

EMP_ID   JOB_POSITION    FROM_DATE TO_DATE     

----------- ----------------------------- -------------------  --------------  

45          Project Manager         2008-01-01   2010-01-01 

45           System Analyst         2005-05-16   2008-01-01 

45           System Analyst         2010-01-01   9999-12-31 

Figure 14 Sequenced update case 1 

5. Conclusion 

Oracle11g is a commercially available DBMS that supports 

temporal database operations. Facilities for the creation, 

querying and data manipulations of Oracle11g Workspace 

Manager have been tested and tried. Valid time temporal 

database operations which are complicated and require technical 

knowledge beyond conventional database practices becomes 

simpler tasks. However, to fully exploit the temporal database 

features of this DBMS require technical backgrounds and 

worked examples. This paper is an attempt to introduce these 

temporal database features and their commercially available 

implementation to the public. 
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ABSTRACT  
Analogical reasoning involves the comparison of pictures as 
well as the memorisation of relations. Young children (4-7 years 
old) and students with moderate intellectual disability have a 
short memory span, which hamper them to succeed in 
traditional analogical tests. In the present study, we investigated 
if, by providing external memory hints, the visual aid could 
enable these participants to succeed in analogies comprising 
more relations than their memory span was able to manage. 
Our analogical test, composed of 2×2 matrices, was 
administered in two versions: The classic version, similar to 
traditional tests, required the participant to memorise all the 

relations involved in order to discover the solution, whereas the 
construction version required him/her to construct the answer 
part by part by using external memories, which potentially 
increased success by offloading the memory. 
Our results show that students with moderate intellectual 
disability reached results similar to typically developing control 
children when provided with external memory hints (referred to 
as external memories). Moreover, in the most complex levels of 
the test, they did not spend more time than control children for 
solving the analogies. 

Keywords: Analogical reasoning, touch screen computer, intellectual disability 

THEORETICAL BACKGROUND 

Defining Analogical Reasoning 
Analogical reasoning is considered to be an important 
mechanism in learning and problem-solving [1, 2], as well as in 
cognitive development and intelligence [3, 4]. Generally, the 
traditional analogy format, usually called the classic analogy, is 
most of the time displayed as A : B :: C : D, either in linear 
form or in a 2 × 2 matrix form. In order to solve analogies, a 
process of systematic comparison is necessary, including 
looking for similarity and/or difference between attributes of a 

task and relations between these attributes [5]. For instance, the 
analogy Tree : Forest :: Room : (a. Door, b. Window, c. House, 
d. Kitchen) requires the coordination of several component 
processes, all described by Sternberg [6], such as encoding the 
A, B, and C terms  (Tree, Forest, Room), inducing the relation 
between the A and B terms (here, a part-whole relation), 
applying the relation from the C term to the possible answers 
(here, Room is a part of a House), and responding [7].  

Analogical Reasoning in young children and in students with intellectual disability 
Many studies [8, 9, 10] demonstrated that young children get 
lower performances in analogical tasks when compared with 
older children. Several reasons were exposed to justify this 
statement, such as a cognitive deficit, the complexity of the 
material used, or the development of the prefrontal regions of 
the brain. 
For individuals with moderate intellectual disability (MID; IQ: 
35-40 to 50-55, mental age: 4-7 years), which represent part of 
our population study, analogies are difficult to solve. Generally, 
these individuals show an attention deficit. They do not usually 
compare the pieces of information, and are less likely to reach 
the sufficient level of abstraction, which are necessary processes 

for solving analogies [11]. In addition, several authors claimed 
and proved that individuals with MID do not use memory 
strategies as well as typically developing individuals, which 
could enable them to maintain the information longer in memory 
[12]. Furthermore, their working memory capacity can only treat 
2-3 elements at the same time whereas typically developing 
adults can treat 5 ± 2 elements [13, 14]. Their limited memory 
capacity leads them to lose part of the information and, 
consequently, give up the task because of a memory overload 
[15, 16].  

 

Computerized testing 
Traditional tests are mostly presented on a paper-and-pencil 
format. Several authors have shown that tests presented on a 
computer are more effective for individuals with MID than 
paper-and-pencil tests [17, 18]. Specifically, the laptop 
computers were presented to be the most promising devices for 
this population [19, 20, 21]. Moreover, these individuals often 

have motor skill deficits, which hamper them from manipulating 
the computer mouse. Touch screen computers seem to be the 
best option for this population because their movements do not 
need to be as precise as with the computer mouse. Furthermore, 
the touch screen is also known to improve the motivation and 
the attention span of the participants [22, 23]. 

The present study 

196

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



By taking into account all the beneficial effects of computers for 
individuals with MID, we designed an analogical reasoning test 
using a touch screen, the Construction of Analogical Matrices 
Test-Revised (CAM-R), which constitutes an elaboration of a 
previous study concerning the CAM [24]. This test is composed 
of two versions, one including external memories, which unload 
the working memory (the construction version), and the other 
overloading the working memory (the classic version). We 
chose to proceed with a touch screen computer because the 
screen was bigger than a smartphone and the capacitive tablets 
did not exist at that time. The touch screen computer was then 
considered to be the best tool for our population of research. 

The main objective of this research consisted of evaluating the 
difference between both versions of the CAM-R and to observe 
the effects of external memories on the reasoning of our 
participants. We predicted that all the participants would get 
better scores in the construction version due to the presence of 
external memories. We also hypothesized that these external 
memories would enable our participants to overcome the 
limitations of their memory span. 
The main contribution of this paper is to compare the 
performances of young children with the performances of 
students with MID, both populations sharing the same mental 
age. 

METHOD AND MATERIAL 

Participants 
Before the beginning of data collection, ethical approval was 
obtained from the ethics committee of the University of Geneva. 
Our sample was comprised of two groups. A first group, called 
“MID group”, consisted of 13 adolescents with MID 
(chronological age: 12-16 years old; mental age: 4-7 years old), 
recruited in a special educational institution in the area of 
Geneva (Switzerland). We asked this institution to give us the 
names of volunteer students, which had MID according to their 
personal files. The ages of the students varied from 15 to 18 
years, the mean age being 16.8. 

A second group consisted of 13 typically developing children of 
the same mental age, recruited from one school in Geneva. All 
children were pupils with an average level and French as their 
mother tongue. This group was called “TD group” for “typically 
developing group”. We asked the school teachers to give us 
names of children which had a mean level at school and which 
were interested to participate in our research. The ages of the 
children varied from 4 to 7 years, the mean age being 5.8. Table 
1 presents the participants’ distribution in each group according 
to their mental age (MA) and their chronological age (CA). 

 
Table 1 Participants’ distribution in each group, means for MA and CA and standard deviations 

Groups N CA (m + sd) MA (m + sd) 
TD 
MID 

13 
13 

5;5 (6.07) 
16;8 (10.9) 

5;7 (.89) 
5;9 (1.93) 

 
The Raven’s Colored Progressive Matrices Test (CPM) [25] 
was administered to the participants, as well as short-term and 
working memory tasks especially designed for this population 
(from Lanfranchi et al., 2004) [26]. The results of these three 

tests revealed no significant differences between both groups, 
which meant that they shared approximately the same mental 
age and the same memory capacities. 

Material 
Our analogical reasoning test, called the Construction of 
Analogical Matrices Test-Revised (CAM-R) was designed with 
the Authorware software (Macromedia Authorware 7 © Adobe 
Systems). A previous study [24] on the same topic as ours 
showed that students with MID did not demonstrate a problem 
in analogical reasoning, but rather suffered from a working 
memory limitation, which hampered them to solve the analogies 
with success. In order to prove this hypothesis of working 
memory overload, we designed two versions: a classic version, 
similar to classical analogies, and a construction version, 
supposed to unload the memory. 
In both versions of the CAM-R, participants were confronted 
with 2×2 matrices, in a figurative concrete modality, presented 
on a touch screen, where they perceived the A, B and C terms. 
The elements potentially constituting the answer were available 
permanently at the bottom of the screen. Once touched, the 

pictures (in the classic version) or the separated elements (in the 
construction version) slided into the D zone of the matrix. In the 
classic version, answer D had to be chosen among several 
pictures, only one being correct. In order to find out the correct 
picture, the participants had to memorize all the relations at the 
same time, which could potentially lead them to a memory 
overload. In contrast, in the construction version, answer D had 
to be constructed with the elements available permanently at the 
bottom of the screen. The advantage of the construction version 
was that it allowed the participants to consider one relation after 
another, without remembering those previously taken into 
account. The elements of answer represented external memory 
hints and could potentially unload the participants’ memory.  
Figure 1 presents the “Ladybird” Item in the classic version and 
construction version respectively (classic version on the top and 
construction version on the bottom). 
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Figure 1 Ladybird Item

 
Each version was composed of sixteen items. We checked the 
test reliability of each version. The 16 items of the construction 
version showed high internal consistency, with a KR-20 of .91. 
As for the 16 items of the classic version, they also showed high 
internal consistency, with a KR-20 of .94.  
Each version was composed of 4 levels of complexity, 
characterized by the number of relations. In both versions, the 
number of elements grew according to the levels of complexity, 
from 2 relations in the first level to 5 relations in the fourth 
level. The CAM-R is composed of 56 relations. The number of 
relations between the A, B, and C terms varied from 2 relations 

(in the 1st level) to 5 relations (in the 4th level). In order to avoid 
possible frustrations among our participants, no more than 5 
relations were used, which was a little more than their memory 
span (approximately 2-3 elements) [13] can incorporate at a 
time. 
In both versions we added incorrect elements, in order to know 
if the participants were attracted by them. In Figure 1, the 
incorrect element is the bee. Analyses about incorrect elements 
showed that MID students chose these elements more often than 
TD children but the number of occurrences was very low [26, 
27]. 

Procedure  
The CAM-2 followed an individual administration. Each 
participant was seen by an experimenter in an independent 
room, free from disturbance. Each participant was randomly 
assigned to receive one version and then 6 weeks later the other 
version. For the first version, we began with MID participants, 
then with the TD children. When the first round was over, we 
began again with MID participants for the other version, and 
finally with the TD children. The 6 weeks interval between the 
administrations of both versions was the same for all the 
participants. This interval, including holidays (Christmas or 
Easter holidays), was judged large enough to prevent the 
participants from remembering the items they saw during the 
first round. 
Test items were preceded by 8 training items, allowing the 
familiarization with both the task and the touch screen. In 
addition, the participants had the opportunity to solve each item 
a second time if they failed at the first attempt. In this case, they 
received standardized help, like “You saw that the color 

changed between A & B, but look closer to the change between 
A & C” and they could try the item a second time.  
We decided to give 1 point for each correct relation, which 
brings the maximum number of points to 56 representing the 
total number of relations. We chose to proceed in this way, in 
order to give value to our participants’ reasoning.  
The Authorware software (Macromedia Authorware 7 © Adobe 
Systems) recorded the number of correct and wrong relations, as 
well as the time spent (expressed in seconds) to solve each item 
for all participants. 

198

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



RESULTS 
We first hypothesized that all the participants would obtain 
better scores in the construction version compared to the classic 
version, due to the external memories. As the construction 
version of the CAM-R allowed the students to treat one relation 
after another without constantly needing to remember the 

relations already taken into account by a previous choice, hence 
their working memory should not be overloaded like in the 
classic version, in which they had to memorize all the relations 
involved in the matrix. Results for each group according to both 
versions are presented in Table 2. 

 

Table 2 Means scores and standard deviation for each group in both versions (min = 0; max = 56) 
 TD (n = 13) MID (n = 13) TOTAL (n = 26) 
 m (sd) m (sd) m (sd) 
Construction version 47.17a (5.64) 46.23a (4.89) 46.77 (5.27) 
Classic version 47.17a (7.15) 40.38b (6.08) 44.32 (7.44) 

Note: Means sharing a subscript in common were not significantly different from each other in both row- and column-wise comparisons (Tukey test). 
 

A mixed 2 (test version: construction and classic structured 
within-subject factor) × 2 (grouped between-subject factor) 
factorial analysis of variance with repeated measures was 
performed. The data revealed a significant interaction effect 
group x versions (F(1,24) = 6.385, p < .05, η2 = .18). Firstly, 
this meant that there were score differences according to the test 
version and secondly, that the range of these differences varied 
according to group members.  
For the TD group, the ANOVA revealed no significant 
differences between the versions (F<1), whereas the differences 
were significant between both versions for the MID group 
(F(1,24) = 7.677, p < .01, η2 = .209), which obtained better 
performances in the construction version (M = 46.23) than in 
the classic version (M = 40.38). Our hypothesis was therefore 

confirmed only for the MID participants, indicating that 
external memories were only beneficial for this group but not 
for the other. 
In addition, post hoc comparisons using Tukey B revealed no 
significant differences in the construction version between both 
groups (MID = 46.23 compared to TD = 47.17). Regarding the 
classic version, there were significant differences between the 
groups. The TD group received better performances than the 
MID group.  
In order to dispose of a finer analysis, we observed the behavior 
of each group according to each level only in the classic version 
(no significant differences were found in the construction 
version). Results for each group according to each level are 
presented in Table 3. 

 

Table 3 Means and standard deviations for the number of points at each level for both groups in the classic version 
  1st level      (max. 

8 pts) 
2nd level     (max. 12 

pts) 
 3rd level     (max. 

16 pts) 
4th level      (max. 

20 pts) 
 M (sd) M (sd) M (sd) M (sd) 
TD (N = 13) 7.56* (.78) 10.28 (1.96) 13.78 (2.46) 15.56 (3.94) 
MID (N = 13) 6.46 (.97) 9.92 (1.49) 11.69 (2.59) 12.15 (3.29) 
F(1,25) 12.088 .298 5.178 6.427 
p < .01 NS < .05 < .05 

*Time in seconds 

A mixed 4 (levels structured within-subject factor) × 2 (groups 
structured between-subject factor) multivariate analysis of 
variance for the classic version. The data revealed a significant 
effect of the groups (F(1,25) = 3.976, p < .05, η2 = .380) and of 
the levels (F(1,25) = 701.382, p < .01, η2 = .991). The TD 
group got more points than the MID group at each level, except 

at the 2nd level. Moreover, this augmentation of points increased 
along the levels: at the 1st level, TD groups got 1 point more, 
then 2 points at the 3rd level, and finally 3 points at the 4th 
level. We could logically suppose that this gap between both 
groups would have increased if we had more levels of 
complexity. 

DISCUSSION 
Our main hypothesis, which stated that both groups would 
obtain better scores in the construction version than in the 
classic version was confirmed only for the MID participants 
indicating that the external memories were beneficial only for 
this group but not for TD children.  
In the construction version, students with MID were able to 
obtain similar performances compared to TD children, due to 
the presence of external memories. We noticed the role played 
by the intellectual disability: despite the fact that both groups 

shared the same mental age and the same memory capacities, 
the TD children received better performances in the classic 
version. It seemed that the MID students could not reach the 
same level of performances, probably because of a working 
memory overload.  
The differences indicated that the students had difficulties in 
information processes rather than in abilities. The MID students 
were able to reason by analogy but probably had more problems 
to treat several relations at the same time than TD children. In 
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the classic version, the TD children received more points than 
MID students at each level. It seems that the intellectual 
disability played a crucial role in the performances, more than 
the mental age. Several authors demonstrated that differences in 
working memory capacity depended on several factors, such as 
the amount of information the participants could memorize [29, 

30], knowledge and skills [31], or the amount of available 
resources [32]. In addition, deficits in working memory were 
also found in the MID population compared to TD individuals 
of the same mental age [33, 34, 35, 36]. Moreover, individuals 
with MID present a shorter memory span compared to TD 
children of the same mental age [13]. 

CONCLUSION  
Our results have educational benefits for individuals with MID 
because they showed that these participants were able to solve 
analogical matrices that were made up of different levels of 
complexity. They also received results equal to children of the 
same mental age when the test version offered external 
memories. These external memories enabled our participants to 
go beyond their memory span limit. Indeed, they were able to 
solve items composed of 5 relations, whereas their memory 
span can usually treat 2 or 3 relations at a time [13], which was 
also true for the young children. In his article, Büchel [24] 
stated that the problem was to know if persons with MID had a 
limitation in analogical reasoning or rather a memory limitation. 
Our results indicated that, by having a support, the MID 
participants were completely able to reason by analogy and did 
not have a limitation in this area. On the contrary, their problem 
was more located in their memory, which could be enhanced 
with external help, as we demonstrated. Educational 
implications of these types of studies go against what 
professionals generally assume, in that, persons with MID are 
not able to reach higher levels of abstract reasoning. On the 
contrary, the devices show that they were able to perform better 
than what is usually expected of them [37].  
In addition to these positive outcomes, we also observed that the 
level of attention span of our participants increased. As 
mentioned before, theoretically, individuals with MID tend to 
demonstrate a lack of attention. At the beginning of our study, 
we presented our test to support workers and teachers in the 
selected special institutions/schools. While they were very 
enthusiastic with regard to the touch screen computer test, they 
warned us about the duration of each version. They claimed that 

their daily tasks (academic tasks or leisure tasks) did not exceed 
10 to 15 minutes. However, each of our versions lasted 30 
minutes, which represented more than two times the maximal 
duration of their usual tasks. The positive outcome of our study 
is that all participants were able to reach the end of each 
version. This increase of attention could be due to the touch 
screen computer as it was demonstrated by some researchers 
[23]. 
 Even if computers made their introduction into education in the 
early 1960s, touch screen computers were unknown by all our 
participants when we began our study. The use of a touch screen 
computer was seen as motivating because it was new, different 
and provided a feeling of agency or control over the task. 
Therefore, the touch screen can be effective for individuals with 
MID for enhancing their cognitive skills [40] and their 
motivation [38, 39]. It is known that persons with MID have 
low expectations for success because they are too often 
confronted with failure experiences [41]. In the CAM-R, each 
participant could work at his/her own rhythm. The touch screen 
computer increased the feeling of direct manipulation, which 
was very important for their self-confidence. 
Even if the use of computers cannot completely overcome the 
difficulties and limited functions that are associated with a MID, 
our research showed that this device enhanced performances 
and reduced the memory load, as it was demonstrated by other 
studies [40, 22, 39]. Following the obtained results, we intend to 
develop a new version of the test composed of more levels and 
hence more relations, in order to observe and assess the 
maximum number of relations with which students with MID 
and typically developing children can cope. 
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ABSTRACT
The enormity of data used and collected in all levels of research 
is overwhelming; to many data analysts this deluge poses not 
only opportunities but can be a significant hindrance to figuring 
out “what does my data tell me?” Tools abound but many 
analysts just need something to get them started and many turn 
to one simple yet effective tool, Microsoft Excel’s PivotTable® 
utility. The Excel’s PivotTable is a versatile function allowing 
users to view data in a variety of different ways. Large datasets 
can be easily manipulated by filtering, transforming and 
aggregating information providing valuable insights including 
difficult to detect trend identification. Our paper will provide 
codes and illustrate a method of using this data mining technique 
and firmly places this unique and simple-to- understand tool into 
the hands of SAS® developers. We will step users through the 
use of PROC SQL and PROC TRANSPOSE procedures to 
create a robust pivot table utility easily applied to a variety of 
SAS® based applications. Our goal is to give users tools that 
not only can be used across many types of data but also help 
identify important information to begin analysis.

Keywords: pivot table, transpose, SQL, SAS®.

INTRODUCTION
Managing large data sets can be a challenge and SAS® offers 
many robust analytical tools. However many analysts prefer to 
see data in simple terms and in a format familiar to others 
outside of the field of analytics. The knowledge worker of today 
has grown accustomed to the power and ease of use of software 
packages such as Microsoft Excel which offers many mid-level 
analytical tools. With relatively few clicks of a pointing device, 
Excel users can whip up data summaries with relative ease and 
results can be copied and pasted into Microsoft Word documents 
and email messages. One of the most powerful data models 
available to analyze patterns of data is the Pivot Table. The 
Pivot Table is a data summarization tool or technique available 
in spreadsheet programs and in business intelligence software. 
This paper will introduce how to build PivotTable summaries 
using PROC SQL and PROC TRANSPOSE using SAS®
software.

SAS®, Statistical Analysis System, is an integrated system of 
software products widely used for statistical analysis, report 
writing, data integration and data warehousing among many 
other features and functionality. Its rich and powerful libraries of 
built-in procedures allow the users to prepare and analyze large 
dataset quickly and with ease. In this paper, two SAS®
procedures will be used for the creation of a pivot table. PROC 
SQL is used for data summarization and aggregation while 
PROC TRANSPOSE is used for converting data from rows to 
columns or vice versa. Both of these procedures are feature rich 
and provide effective analytical capabilities on their own, 
however when used together they provide analysts valuable
insights into the discovery of information and data patterns. 

Introductory descriptions of PROC SQL and PROC 
TRANSPOSE procedures are provided in the next two sections
to help those unfamiliar with them. For the complete reference 
of these two procedures, consult SAS® online documentation at 
http://support.sas.com/documentation/92/index.html.

PROC SQL
The PROC SQL procedure is SAS® software’s way of 
implementing Structured Query Language (SQL). The 
procedure is equipped with a variety of data manipulation tools. 
PROC SQL can generate reports, summary statistics, retrieve 
data from tables or views, combine data from tables or views, 
create tables, views, and indexes, update data values, and 
retrieve or update data from database management system 
(DBMS) tables. A PROC SQL table is the same as a SAS®
dataset; rows in the table are equivalent to SAS dataset 
observations and columns are equivalent to SAS dataset 
variables. To create a PROC SQL data view, the following code 
can be used.

PROC SQL;
 SELECT Category
 FROM SampleData;

RUN;

This view will return the variable Category for all observations 
in the SampleData table. To create a data table, only one extra 
line of code is needed.

PROC SQL;
 CREATE TABLE CategorySales as
 SELECT Category
 FROM SampleData

RUN;

This code snippet will create a table called CategorySales 
containing the variable Category for all observations in the
SampleData table. A WHERE condition may also be used to
subset the incoming data to only those rows that meet specified
criteria.

There are several other useful features that can be used with 
PROC SQL. UPDATE is used for updating existing rows in a 
table or view. INSERT is used for inserting new rows and
DELETE is used for deleting rows from a table or view. ALTER
TABLE can be used to add, modify, and even delete columns 
within existing tables. These are just a few statements that are 
available for use within the PROC SQL procedure. The most 
useful PROC SQL data mining statement is the universal 
SELECT statement. This statement can be used to perform data 
aggregation by groups and together with aggregate functions 
such as SUM can help to provide valuable insight into data. 
Some of these features are shown in the code snippet below.

PROC SQL;
 CREATE TABLE CategorySales AS
 SELECT Category, Product, Sum(Sales) as Sales
 FROM SampleData
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 GROUP BY Category, Product
 ORDER BY Category, Sales Desc;

RUN;

PROC SQL;
 ALTER TABLE CategorySales
 ADD SalesPerson Character(25) 

 label = “Sales Person”;

 UPDATE CategorySales SET
SalesPerson = “JOHN DOE”;

 
 TITLE “Adding SalesPerson Column”;

 SELECT Category, Product, Sales, SalesPerson
 FROM CategorySales;

RUN;

PROC TRANSPOSE
The PROC TRANSPOSE procedure reads in a dataset and 
rotates/pivots the specified rows and columns to form a new 
named dataset. What were once rows or observations in the 
input dataset are now columns and therefore become variables 
and what were once columns become the rows or observations 
of the new transposed SAS® dataset. This is illustrated in the 
sample code below where the input dataset ProductSales is 
transposed to produce the output ProductSalesByQuarters 
dataset.

* Pivot dataset by Quarter variable;
PROC TRANSPOSE DATA=ProductSales

 OUT=ProductSalesByQuarters NAME=Sales;
 BY Category Product;

 VAR Sales;
 ID Quarter;

RUN;

Category Product Sales Quarter
Beverages Chai $705.60 Qtr1
Beverages Chai $878.40 Qtr2
Beverages Chai $1,174.50 Qtr3
Beverages Chai $2,128.50 Qtr4
Beverages Chang $2,720.80 Qtr1
Beverages Chang $228.00 Qtr2
Beverages Chang $2,061.50 Qtr3
Beverages Chang $2,028.25 Qtr4
Beverages Chartreuse vert $590.40 Qtr1
Beverages Chartreuse vert $360.00 Qtr2
Beverages Chartreuse vert $1,100.70 Qtr3
Beverages Chartreuse vert $2,424.60 Qtr4

Figure 1 - Input Dataset before PROC TRANSPOSE

The procedure knows the number of columns needed based on 
number of observations in the data, doing this with data steps 
would be highly inefficient. The BY statement in the code will 
create an observation for each variable value. The VAR 
statement tells SAS which variable to transpose and it should be 
noted that without the VAR statement, numeric variables not 
specified in the ID or BY statements will also be transposed.

Category Product Sales Qtr1 Qtr2 Qtr3 Qtr4
Bevera… Chai Sales $706 $878 $1,175 $2,129 
Bevera… Chang Sales $2,721 $228 $2,062 $2,028 
Bevera… Chartr… Sales $590 $360 $1,101 $2,425 

Figure 2 - Output Dataset after PROC TRANSPOSE

IMPLEMENTING PIVOT FUNCTIONS IN SAS®
Our sample codes start with an example using simple PROC 
SQL statement and will wrap up with a more complex one using 
both PROC SQL and PROC TRANSPOSE together to 

summarize data by particular variables. Due to the page limit, 
only partial sample codes are presented in this paper. Likewise,
sample data [1] and output data are incomplete and shown for 
demonstration purpose only. Complete sample codes, sample 
data and output data are available upon request. 

A partial listing of the sample data is shown in Figure 3 below.

Category Product Sales Quarter
Beverages Chai $705.60 Qtr 1
Beverages Chai $878.40 Qtr 2
Beverages Chang $2,061.50 Qtr 3
Beverages Chang $2,028.25 Qtr 4
Beverages Chartreuse 

verte
$590.40 Qtr 1

Beverages Chartreuse 
verte

$360.00 Qtr 2

Condiments Aniseed 
Syrup

$544.00 Qtr 1

Condiments Aniseed 
Syrup

$600.00 Qtr 2

Condiments Chef 
Anton's 
Cajun 
Seasoning

$1,337.60 Qtr 3

Condiments Chef 
Anton's 
Cajun 
Seasoning

$682.00 Qtr 4

Condiments Chef 
Anton's 
Gumbo Mix

$288.22 Qtr 3

Condiments Chef
Anton's 
Gumbo Mix

$85.40 Qtr 4

Confections Chocolade $162.56 Qtr 2
Confections Chocolade $68.85 Qtr 3
Confections Maxilaku $1,605.60 Qtr 1
Confections Maxilaku $620.00 Qtr 2
Dairy Products Camembert 

Pierrot
$3,329.28 Qtr 1

Dairy Products Camembert 
Pierrot

$3,060.00 Qtr 4

Dairy Products Fløtemysost $4,454.80 Qtr 1
Dairy Products Fløtemysost $174.15 Qtr 2
Dairy Products Fløtemysost $2,541.29 Qtr 3
Grains/Cereals Filo Mix $226.80 Qtr 3
Grains/Cereals Filo Mix $911.75 Qtr 4
Grains/Cereals Gnocchi di 

nonna Alice
$6,931.20 Qtr 1

Grains/Cereals Gnocchi di 
nonna Alice

$9,868.60 Qtr 2

Grains/Cereals Gnocchi di 
nonna Alice

$6,771.60 Qtr 3

Grains/Cereals Gnocchi di 
nonna Alice

$9,032.60 Qtr 4

Grains/Cereals Gustaf's 
Knäckebröd

$201.60 Qtr 1

Grains/Cereals Gustaf's 
Knäckebröd

$504.00 Qtr 2

Meat/Poultry Alice 
Mutton

$2,667.60 Qtr 1

Meat/Poultry Alice 
Mutton

$4,013.10 Qtr 2

Meat/Poultry Alice 
Mutton

$3,900.00 Qtr 3

Meat/Poultry Alice 
Mutton

$6,000.15 Qtr 4

Meat/Poultry Mishi Kobe 
Niku

$1,396.80 Qtr 1

Meat/Poultry Mishi Kobe 
Niku

$1,319.20 Qtr 2

Meat/Poultry Mishi Kobe $4,219.50 Qtr 4
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Niku
Produce Longlife 

Tofu
$360.00 Qtr 1

Produce Longlife 
Tofu

$128.00 Qtr 2

Produce Longlife 
Tofu

$400.00 Qtr 4

Produce Manjimup 
Dried 
Apples

$1,411.92 Qtr 1

Produce Manjimup 
Dried 
Apples

$8,384.60 Qtr 2

Seafood Boston Crab 
Meat

$1,474.41 Qtr 1

Seafood Boston Crab 
Meat

$2,272.00 Qtr 2

Seafood Boston Crab 
Meat

$3,887.92 Qtr 3

Seafood Boston Crab 
Meat

$2,162.00 Qtr 4

Seafood Carnarvon 
Tigers

$1,500.00 Qtr 1

Seafood Carnarvon 
Tigers

$2,362.50 Qtr 2

Seafood Carnarvon 
Tigers

$7,100.00 Qtr 3

Figure 3 – Partial Listing of Test Data

EXAMPLE 1 - SALES BY CATEGORIES
The sample code for the first example shown below emphasize
the usage of the PROC SQL procedure to calculate the sum of 
sales grouped by category. It includes three distinct steps 
described below:
1. Read input data into a working SAS® dataset. 
2. Using PROC SQL with the GROUP BY clause to generate 

Sales by Categories data. SQL allows grouping by any 
number of variables, however variables in the GROUP BY 
clause must be contained in the SELECT list or an error 
will occur.

3. Output the results to Excel. Once in Excel, the values can 
be formatted or summarized as desired.

/**
** Excel Pivot Example 1 -- Category Sales
** Total Sales by Categories
**/

* (1) Read sample data into the working dataset 
 SampleData;

%include 'C:\WMSCI_2012\ReadSampleData.SAS';

* (2) Generate Total Sales by Categories data 
*     using PROC SQL;
PROC SQL;

 CREATE TABLE CategorySales AS
 SELECT 

 Category, 
 SUM(Sales) as Sales format=DOLLAR20.0

FROM SampleData
GROUP BY Category;

QUIT;

* (3) Output result to Excel;
PROC EXPORT DATA=CategorySales

 File='C:\WMSCI_2012\PivotOutputBySAS.xls'
 dbms=excel
 replace;

RUN;

The Excel output is shown in Figure 4.

Category Sales
Beverages 102,074.29
Condiments 55,277.56
Confections 80,894.11
Dairy Products 114,749.75
Grains/Cereals 55,948.82
Meat/Poultry 81,338.06
Produce 53,019.98
Seafood 65,544.19

Figure 4 – Total Sales by Categories

EXAMPLE 2 - SALES BY PRODUCTS
Taking the first example a step further, we add an additional 
GROUP BY variable to our SELECT statement. With that, we 
can break out categories by products as shown in Figure 5. Now 
we know sales by category and by product. The sample code for 
this example is shown below

/**
** Excel Pivot Example 2 -- Product Sales
** Total Sales by Products
**/

* Read sample data into the working dataset 
 SampleData;

%include 'C: WMSCI_2012\ReadSampleData.SAS';

* Generate Total Sales by Categories and 
 Products using PROC SQL;

PROC SQL;
 CREATE TABLE ProductSales AS
 SELECT 

Category, 
Product, 
SUM(Sales) as Sales format=DOLLAR20.0

 FROM SampleData
 GROUP BY Category, Product;

QUIT;

* Output result to Excel;
PROC EXPORT DATA=ProductSales

 File='C:\WMSCI_2012\PivotOutputBySAS.xls'
 dbms=excel
 replacel;

RUN;

The Excel output of this program is shown below in Figure 5.

Category Product Sales
Beverages Chai 4,887.00
Beverages Chang 7,038.55
Beverages Chartreuse verte 4,475.70
Condiments Aniseed Syrup 1,724.00
Condiments Chef Anton's Cajun 

Seasoning
5,214.88

Condiments Chef Anton's Gumbo 
Mix

373.62

Confections Chocolade 1,282.01
Confections Maxilaku 3,060.60
Dairy Products Camembert Pierrot 20,652.28
Dairy Products Fløtemysost 9,642.74
Dairy Products Geitost 786.00
Grains/Cereals Filo Mix 2,068.15
Grains/Cereals Gnocchi di nonna 

Alice
32,604.00

Grains/Cereals Gustaf's 
Knäckebröd

4,233.60

Grains/Cereals Ravioli Angelo 2,156.70
Meat/Poultry Alice Mutton 16,580.85
Meat/Poultry Mishi Kobe Niku 6,935.50
Meat/Poultry Perth Pasties 12,784.13
Meat/Poultry Pâté chinois 8,826.48
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Meat/Poultry Thüringer 
Rostbratwurst

33,109.51

Meat/Poultry Tourtière 3,101.59
Produce Longlife Tofu 888.00
Produce Manjimup Dried 

Apples
23,550.02

Produce Rössle Sauerkraut 12,854.28
Produce Tofu 6,541.38
Produce Uncle Bob's 

Organic Dried 
Pears

9,186.30

Seafood Boston Crab Meat 9,796.33
Seafood Carnarvon Tigers 15,950.00
Seafood Escargots de 

Bourgogne
2,076.28

Figure 5 – Total Sales by Products and Categories

EXAMPLE 3 - TOP THREE PRODUCTS
With very large datasets, we can still be overwhelmed even 
when using the summarization toolsets that have been
previously discussed. In this case, we can add additional criteria 
to return less data and allow a more focused analysis. 

This can be done by simply adding a WHERE clause to our SQL 
statement but what if we want to look at the top three products 
by sales in each category? Using a SAS® macro as shown in 
this example we can evaluate each category and with the 
OUTOBS option we can pull out the top three products by sales 
in each category. Figure 6 below shows the Excel output 
produced by the sample code.

Category Product Sales
Beverages Côte de Blaye 46,563.08
Beverages Ipoh Coffee 11,069.90
Beverages Lakkalikööri 7,883.10
Condiments Louisiana Fiery Hot 

Pepper Sauce
9,331.08

Condiments Sirop d'érable 9,091.50
Condiments Vegie-spread 6,899.25
Confections Tarte au sucre 20,762.82
Confections Gumbär Gummibärchen 11,225.65
Confections Schoggi Schokolade 10,974.00
Dairy Products Raclette Courdavault 33,616.55
Dairy Products Camembert Pierrot 20,652.28
Dairy Products Gudbrandsdalsost 14,041.80
Grains/Cereals Gnocchi di nonna 

Alice
32,604.00

Grains/Cereals Wimmers gute 
Semmelknödel

7,125.47

Grains/Cereals Singaporean Hokkien 
Fried Mee

5,184.20

Meat/Poultry Thüringer 
Rostbratwurst

33,109.51

Meat/Poultry Alice Mutton 16,580.85
Meat/Poultry Perth Pasties 12,784.13
Produce Manjimup Dried 

Apples
23,550.02

Produce Rössle Sauerkraut 12,854.28
Produce Uncle Bob's Organic 

Dried Pears
9,186.30

Seafood Carnarvon Tigers 15,950.00
Seafood Boston Crab Meat 9,796.33
Seafood Ikura 8,819.50
Figure 6 - Top Three Products in Each Category by Sales

The sample code below steps us through a series of PROC SQL 
statements and the creation of a SAS® macro that will give our 
desired criteria of top three products by sales for each category. 
There are four distinct steps as described below:

1. Obtain total sales by products in each category using 
multiple variables in the GROUP BY statement.

2. Select number of categories and the category names into 
macro variables to be used later in the Top_N_By_Group 
macro created in step 3.

3. The Top_N_By_Group macro loops through the dataset 
and select top three products by total sales for each 
category using the OUTOBS option.

4. Output the results to Excel. Once in Excel, the values can 
be formatted or summarized.

/**
** Excel Pivot Example 3 -- Top 3 Product Sales
** by Categories
** Top 3 Product Sales by Categories
**/

%let TopN = 3;

* Read sample data into the working dataset
 SampleData;

%include 'C:\WMSCI_2012\ReadSampleData.SAS';

* (1) Sort Total Sales by Products data;
PROC SQL;

 CREATE TABLE ProductSales AS
 SELECT 

Category, 
Product, 
SUM(Sales) as Sales format=DOLLAR20.0

 FROM SampleData
 GROUP BY Category, Product
 ORDER BY Category, Sales Desc;

QUIT;

* (2) Select year into macro variables for
 processing;

PROC SQL NOPRINT;
 SELECT COUNT(DISTINCT Category) INTO  

 :n_Categories
 FROM ProductSales;

 SELECT DISTINCT "'" || Category || "'" INTO
 :Category1 - Category%left(&n_Categories)

 FROM ProductSales;
QUIT;

* (3) select TopN rows into the result dataset;
%macro Top_N_By_Group;

 PROC SQL;
 CREATE TABLE Top3Products LIKE

 ProductSales;
 QUIT;

 %do i=1 %to &n_Categories;
 PROC SQL OUTOBS = &TopN;

INSERT INTO Top3Products
SELECT * FROM ProductSales
WHERE Category = &&Category&i;

 QUIT;
 %end;

%mend Top_N_By_Group;

%Top_N_By_Group;

* (4) Output result to Excel;
PROC EXPORT DATA=Top3Products

 File='C:\WMSCI_2012\PivotOutputBySAS.xls'
 dbms=excel
 replace;

RUN;

EXAMPLE 4 – PRODUCT SALES BY QUARTERS
Using the same dataset we can break the sale data out by 
Quarter. Listed below are the sales figures by product and 
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category organized by quarter. Notice that the total sales data 
has been “morphed” from a single column into four columns, 
one for each quarter.

Category Product Qtr1 Qtr2 Qtr3 Qtr4
Beverages Chai 705 878 1,174 2,128
Beverages Chang 2,720 228 2,061 2,028
Beverages Chartreuse 

verte
590 360 1,100 2,424

Condiments Aniseed 
Syrup

544 600 140 440

Condiments Chef 
Anton's 
Cajun 
Seasoning

225 2,970 1,337 682

Condiments Chef 
Anton's 
Gumbo Mix

288 85

Condiments Genen 
Shouyu

176 1,298

Condiments Grandma's 
Boysenberry 
Spread

1,750 750

Condiments Gula 
Malacca

1,994 1,753 1,093 1,701

Condiments Louisiana 
Fiery Hot 
Pepper 
Sauce

1,347 2,150 1,975 3,857

Confections Gumbär 5,079 1,249 2,061 2,835
Confections Maxilaku 1,605 620 835
Confections NuNuCa 

Nougat
193 865 493

Dairy 
Products

Camembert 
Pierrot

3,329 3,989 10,273 3,060

Dairy 
Products

Fløtemysost 4,454 174 2,541 2,472

Dairy 
Products

Geitost 294 242 99 150

Meat/
Poultry

Alice 
Mutton

2,667 4,013 3,900 6,000

Meat/
Poultry

Mishi Kobe 
Niku

1,396 1,319 4,219

Meat/
Poultry

Perth 
Pasties

5,154 2,099 1,500 4,029

Produce Longlife 
Tofu

360 128 400

Produce Manjimup 
Dried 
Apples

1,411 8,384 1,855 11,898

Produce Rössle 
Sauerkraut

4,105 3,310 1,881 3,556

Seafood Boston Crab 
Meat

1,474 2,272 3,887 2,162

Seafood Carnarvon 
Tigers

1,500 2,362 7,100 4,987

Seafood Gravad lax 208 421
Figure 7 - Quarterly Sales by Products and Categories

We produced the output result in Figure 7 with the SAS®
program below, using a combination of PROC SQL and PROC
TRANSPOSE.

/**
** Excel Pivot Example 4 -- Product Sales by
** Quarters
** Product Sales by Quarters
**/

* Read sample data into the working dataset 
 SampleData;

%include 'C:\WMSCI_2012\ReadSampleData.SAS';

* (1) Generate Total Sales by Products data;
PROC SQL;

 CREATE TABLE ProductSales AS
 SELECT 

Category, 
Product, 

Quarter, 
SUM(Sales) as Sales format=DOLLAR20.0

 FROM SampleData
 GROUP BY Category, Product, Quarter; 

QUIT;

* (2) Pivot dataset by Quarter variable;
PROC TRANSPOSE DATA=ProductSales 

 OUT=ProductSalesByQuarters NAME=Sales; 
 
 BY Category Product;
 VAR Sales;
 ID Quarter;

RUN;

* (3) Output result to Excel;
PROC SQL;

 ALTER TABLE ProductSalesByQuarters
 DROP Sales; 

QUIT;

PROC EXPORT DATA=ProductSalesByQuarters
 File='C:\WMSCI_2012\PivotOutputBySAS.xls'
 dbms=excel
 replace;

RUN;

The three main steps in this program are:
1. First aggregate total sales by product by quarter.
2. Use PROC TRANSPOSE to pivot data with the Quarter 

variable.
3. Drop the Sales field from the ProductSalesByQuarters table 

for a cleaner summary data.

CONCLUSION
Excel’s PivotTable summary functions are useful for finding 
pattern matches and assist data analysts when mining data for 
information. We have shown that the same pivot table 
functionality commonly utilized by many Excel users can also 
be done in SAS® with very common SAS® procedures. The 
four examples discussed here have shown a very simple pivot 
table to a more robust and complex summary. Each one of these 
examples can be easily expanded on and enhanced to use more 
advanced SQL, potentially reaching across multiple data sources 
including Oracle databases, Microsoft Excel files or even 
comma delimited text files. Using PROC TRANSPOSE and 
PROC SQL together will allow users to view data in many 
different ways and the code presented here demonstrates how 
easy it is to customize output of data analysis summaries.
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ABSTRACT 

The opportunity for higher education students to study a topic 

through multiple, integrated angles is rare even though life 

outside of the classroom is filled with problems that require 

blending of knowledge areas to make appropriate decisions.  

The authors created a course at the United States Air Force 

Academy called Foreign Area Studies (FAS) 495 in the Spring 

2012 semester that integrated African studies, economics, 

history, political science, literature, project management, 

military strategy, language, culture, and environmental 

engineering in the study of how foreign aid has affected 

Mozambique and how an engineering technology along with 

cultural consciousness can be effectively used for good.  To 

determine effectiveness of the interdisciplinary approach, 

qualitative data from student reflection papers and in-class 

discussions were collected and analyzed.  The intent of this 

paper is to highlight the challenges and lessons learned from 

developing a project based interdisciplinary course.  Results 

suggest a project based course with interdisciplinary pedagogy 

can be effective in meeting course goals and increasing 

meaningful student learning. 

Keywords:  Interdisciplinary Education, African Studies, 

Cultural Consciousness, Environmental Engineering, Water 

Treatment, Project-based Course, Reflection. 

1.  INTRODUCTION 

Though having potential to accommodate the growth in general 

knowledge over time and increase curriculum relevance [1], 

interdisciplinary teaching can take faculty out of their comfort 

zone and be a resource drain on teaching institutions.  To 

provide some context, the Air Force Academy is an 

undergraduate-only institution of about 4,000 students and, 

while producing about $70M in research per year, teaching is 

the institutional priority.  Thus, faculty are not required to 

conduct research and they have the flexibility to collaborate 

with other departments as their interest and time permits.  A 

government run institution, only the top 10% of the well 

rounded, diverse applicants are accepted to the Air Force 

Academy.  They come from all 50 states and beyond, and while 

there is no tuition, students must serve at least five years in the 

US armed forces upon graduation.  Thus, many of them are 

inherently interested in service and learning about other 

cultures. 

In September 2011, a sophomore civil engineering student at 

the Air Force Academy approached his Portuguese instructor 

and asked how he could combine his interest in engineering 

with his passion for volunteer service and empathy for the less 

privileged.  This sparked collaboration between his Portuguese 

instructor, his academic advisor, and an environmental 

engineering instructor, each of whom shared similar excitement 

about humanitarian work in Africa, had experience overseas, 

and were energized by the student’s inquiry.  These three core 

instructors--the authors--decided to create a brand new course 

(Foreign Area Studies, FAS 495) for the spring 2012 semester 

so students could explore engineering in the developing world 

in a way that intertwined language and culture. 

With such a broad, holistic vision for the course, it became 

quickly clear that no one person, nor even three people, had the 

expertise to deliver the fully conceptualized semester-long 

course. Further, we recognized that FAS 495 could be a very 

unique course for students at the Air Force Academy due to the 

extent of interdisciplinary inputs we planned to incorporate. 

Therefore, the three course leaders partnered with the local 

Scholarship of Teaching and Learning (SoTL) program to 

brainstorm ideas about course design, develop the means by 

which to assess the course impact, and seek out a variety of 

additional instructors who might like to be a part of the course.   

Although almost any department could have had something to 

offer to the development of our course, we targeted five 

departments beyond our own for additional inputs to the course 

curriculum: history, literature, psychology, political science, 

and economics.  History, political science, and economics were 
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chosen to provide a foundational base of knowledge that 

students could build upon.  Literature and psychology were 

chosen to provide a holistic point of view of African cultures, 

intrinsic motivators and typical biases westerners might have 

towards Africans.  All faculty who were approached had some 

connection to Africa and, despite an initial concern that faculty 

would not be willing to devote the time create and teach a 

lesson for FAS 495, all were drawn by the course description 

and signed on unequivocally to help.  Ultimately, a total of 18 

different individuals led discussions in their respective area of 

expertise and share personal experiences.   

As part of their vision for the course, the three core instructors 

believed a cultural immersion trip to Mozambique would be a 

great culmination to the course, and they applied for funding 

through the Air Force Academy Department of International 

Programs as well as through the US Air Force Africa 

Command.  The trip was not a necessity for the course, but it 

would complement the course’s learning objectives, allow for 

real-world application of a course project, and be an incentive 

for students to enroll.  Mozambique was chosen as a good fit 

because of the reliance on the Portuguese language, the personal 

experiences of the instructors, and the ability to apply 

engineering technology to a relevant need in the country (water 

purification).  While the instructors and students were hopeful 

for the cultural immersion trip, the course was ultimately 

designed to produce a tangible product to provide to a non-

governmental organization (NGO) in Mozambique.  This 

product gave the course a meaningful outcome even if the trip 

was not funded. 

Even with the trip being tentative, by early December 2011, 

seven students enrolled in the course, exceeding the Registrar’s 

minimum of five, and it was official that the course would 

commence, starting in about 30 days.  Within the first 10 

lessons, however, the enrollment dropped to five students as 

two determined they could not keep up with a seventh class in 

their schedule.  This class would have been appropriate for 

students of any major, but of the five remaining students, three 

were environmental engineering majors, one was a FAS 

(Africa) major, and one was a FAS (Latin America) major.  

2. DEVELOPMENT OF COURSE LEARNING GOALS 

The Air Force Academy’s overarching vision is to develop 

leaders of character and two specific institutional outcomes we 

focused on were 1) intercultural competence and involvement 

and 2) understanding of civic, cultural, and international 

environments.  To achieve these outcomes, FAS 495 needed to 

be inquiry oriented, discussion focused, and relevant to the 

students after graduation rather than content focused.  The three 

core instructors decided to offer a real-world, hands-on, under-

defined service learning project-based course utilizing 

interdisciplinary instruction and an interdisciplinary student 

body.  This course parallels recommendations by Badley and 

Habeshaw [2], in which they write that higher-ed teachers “will 

have to be…committed to a multi-discipline approach to 

learning.”   

Fink’s Taxonomy 

The “Taxonomy of Higher Learning” [7] developed by Dr. L. 

Dee Fink was used as the backbone of development for FAS 

495.  The taxonomy focuses on six key criteria that are meant to 

be synergized throughout a course to facilitate optimal learning: 

1. Learning how to Learn 

2. Foundational Knowledge 

3. Application 

4. Integration 

5. Human Dimension 

6. Caring 

On the first lesson, in order to fulfill the caring and human 

dimension criteria, students were introduced to the ongoing 

human suffering and humanitarian challenges in Africa.  In 

subsequent lessons, foundational knowledge was incorporated 

through the various perspectives and experiences shared by the 

variety of instructors.  Application and integration criteria were 

achieved by implementing the construction of a bio-sand water 

filter as an open-ended problem that would require the students 

to use critical thinking and a combination of ideas presented 

throughout the course.  Finally, learning how to learn was 

incorporated through a lesson covering adult learning 

techniques and an assigned project that required students to 

develop a workshop to teach other adult learners in 

Mozambique how to construct their bio-sand water filter design. 

The curriculum was also designed to incorporate different 

modes of learning. Class interactions and participation were 

intermixed with slides, videos, and hands-on activities to help 

enable more continuous engagement by all students in the class. 

Course Topics and Outcomes 

Beyond the general vision stated for the course, as we 

developed the semester lesson plan, we realized that there were 

several main topics on which we would focus. More 

specifically, by the end of the course, we wanted our student to 

gain understanding into the following questions:  

 What are some of the characteristics of the way of life for 

Africans?  

 How did Africa get the way it is today?  

 How has aid affected Africa?  

 Can charity aid be employed effectively?  

In particular, the topic of foreign aid became a critical 

component of the course because Africa’s history of receiving 

aid has shaped its political system, economy, physical 

infrastructure, and environment.  Furthermore, countless 

individuals and organizations today are dedicated to smaller 

scale charity aid. We believed that the students enrolled in this 

course would be interested and sympathetic to giving aid, but 

would want to become more informed about effective ways to 

provide aid in Africa. 

These topical goals were linked to more general learning 

outcomes for the course:  

 Increase cultural competency through multi-faceted, 

holistic learning about a county and its culture  

 Research and make effective decisions to select and 

implement a humanitarian project in a foreign environment 

while demonstrating an understanding of existing cultural 

conditions  

 Solve a real world humanitarian problem in a developing 

country through a hands-on service project and the proper 

application of cultural awareness, engineering technology, 

and community partnerships  

 

 

208

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



 

 
3.  INTERDISCIPLINARY CONSIDERATIONS 

The key to an interdisciplinary course taught by multiple 

instructors is seamless integration from lesson to lesson to avoid 

a choppy, disjointed series of classes.  The authors subscribe to 

the Jacobs [1] definition of interdisciplinary instruction where 

integration between disciplines is critical and differentiates it 

from multidisciplinary instruction.  To encourage this seamless 

integration, the course goals were given to all instructors and 

the course director discussed the logic of the course flow and 

shared notes from previous instructors to those teaching 

subsequent lessons.   

In an attempt to prevent what Jacobs [1] calls the “polarity 

problem,” where lack of clarity and tensions between subject 

matter experts inhibit learning, the three core instructors 

attended all the lessons, participated in the class discussions, 

and actively integrated the subjects together.  Furthermore, by 

participating in each lesson, they modeled positive learning 

behaviors to the students, while showing their level of 

commitment to the students and the subject matter. 

We should note that FAS 495 was not the precedent for 

interdisciplinary instruction at the Air Force Academy.  Certain 

majors such as Foreign Area Studies are interdisciplinary 

between courses and some courses are co-taught in an 

interdisciplinary manner, but the extent and diversity of 

collaboration we accomplished in FAS 495 is unique at our 

institution. 

Instructor Roles 

The three core instructors divided the roles of executing this 

intensely interdisciplinary course among themselves and created 

three positions with associated responsibilities: 

 Course Director  

 Engineering Director  

 Cultural Director  

The course director was responsible for the administrative 

effort, developing the assignments, grading, overall curriculum 

development and integration, and locating and coordinating the 

18 guest speakers. 

The guest speakers represented faculty members at the Air 

Force Academy, external guest speakers, faculty and non-

faculty who had been to Africa, a founder of an NGO in 

Senegal, and an executive from a company who does socially 

responsible, for-profit work extensively in Africa.  The speakers 

and topics were designed to infuse the course with global 

sustainability challenges, appropriate technology, global water 

availability, and social aspects of sustainability, based on 

lessons learned from Bhandari et al [8]. 

The engineering director designed the course components 

involving the water filter. Overall, the engineering focus was 

closely aligned with existing learning materials created by the 

Center for Affordable Water and Sanitation Technology 

(CAWST) [3]. Not all of the students in FAS 495 were 

engineering majors, or were engineering majors with an 

extensive background in water treatment.  Thus, we 

incorporated peer-to-peer learning and interactive activities in 

order to make the engineering components more manageable 

for the students with less background.  Student comprehension 

of course material was ultimately evaluated during the 

construction of the bio-sand water filter.  As part of the 

engineering curricula block, the students also received a lesson 

on adult education and how to teach construction and 

maintenance of the bio-sand water filter.  This approach applied 

Fink’s taxonomy per Widmann et al [9].   

The cultural director designed course components involving the 

distinguishing characteristics of Mozambiquan culture and 

language.  Students were able to understand that another culture 

is not wrong, just simply different.  Having this understanding 

was crucial because even when one has the best intentions to 

help, one’s efforts can be misunderstood when they do not 

reflect the values of the society being helped.  

Armed with this new cultural knowledge, students explored 

language.  Cultures occur when people share the same beliefs 

and ideas, and language serves as a bridge for these interactions.  

Mozambique has 43 languages, one being Portuguese.  All of 

the students in FAS 495 had had at least two semesters of 

Portuguese language instruction prior to the start of the 

course.  Students came to understand that different languages 

can elicit different connotations such as intelligence, power, 

poverty or mistrust, which was helpful to their understanding of 

how their interactions with Mozambiquans might be received 

depending upon whether they communicated in English and/or 

Portuguese versus one of the local indigenous languages.   

Syllabus Design and Implementation 

Working together, the three core instructors designed FAS 495 

with flexibility in mind.  The syllabus consisted of five blocks 

of instruction:  
 Background 

 Portuguese 

 Engineering 

 Project 

 Lessons learned / course take-aways 

Because not all of the 18 guest instructors had experiences or 

knowledge that allowed them to exclusively focus on 

Mozambique, it was left up to each of them to tailor their 

discussion within the larger framework of Africa, Sub-Saharan 

Africa, former Portuguese colonies, or Mozambique as they felt 

comfortable.  This approach kept instructors within their areas 

of expertise, allowed students to understand the relationship 

between a country and its neighbors, and provided a broader 

experience for students to potentially work in, around, or with 

in the future. 

Only the first 12 lesson topics were planned prior to the start of 

the semester.  Subsequent lessons were developed based on 

student feedback and what the instructors believed would best 

help students achieve the course learning goals.  This led to 

students being able to steer the course to some extent based on 

their interests and curiosities.  The course design was aligned 

with the template developed by Marshall, et al. [4] with the 

intention of students developing “personal ownership of the 

learning process.”  

The addition of the geography and microfinance lessons were a 

direct result of student input and reflected the flexibility of the 

course.  The final syllabus along with lesson topics is shown in 

Table 1 below. 
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Table 1 – FAS 495 Syllabus 

Lesson Topic 
1 Introduction1 

2 Pre-colonial African History2 

3-5 African Literature2 

6 Psychology2 
7 Project Management1 
8 Political Science2 
9 Systemic Aid2 
10-11 Economics3 
12 Geography2 
13 African Militaries2 
14 Midterm Exam 
15 Culture introduction1 
16 Military Influence2 
17-20 Language, Culture, and Education1 
21 Humanitarian Work in Africa4 
22 Environmental Issues in Sub-Saharan Africa2 
23 Environmental Resource Management2 
24-26 Water Treatment1 
27 Project presentation, reflection 
28-29 Workshop Pedagogy: How Adults Learn1 
30 Microfinance3 
31 Purpose Plus Profit: Working in Kenya4 
32 Environmental and Economic Sustainability4 
33-35 Workshop Development 
36 US Air Force Experiences in Africa2 
37 Military / Civilian Operations in Africa2 
38 Economics, Politics, and Aid in Africa2 
39 UN Work in Liberia2 
40 Course Wrap-up, reflection, critique 

1led by one of the three core instructors 
2led by another faculty member 
3led by a student guest speaker 
4 led by an external guest speaker 

 
4.  ASSIGNMENTS 

Reflection writing assignments, reflective discussion, and 

projects were integral to the course.   

Reflections 

Both the students and the three core instructors completed 

written reflections throughout the semester.  Previous research, 

including Conway et al [5], has shown that, in order to more 

fully gain appreciation for and develop from service-learning 

activities, courses should include meaningful opportunities for 

reflection. Therefore, this course included reflection to promote 

student development and growth with respect to the service-

learning components of the course.   

The purpose of student reflections was metacognition on how 

the course might have affected them and for the course director 

to qualitatively assess student learning and development.  For 

the instructors, the reflections were important to document 

lessons learned in the administration of a project-based 

interdisciplinary course.  Student reflection assignments were 

without specific format or length requirements.  The assignment 

instructions simply reminded the students of the course vision 

and objectives and asked them to document their feelings at that 

point in time.  Written reflections were completed by each 

student on lessons 2, 15, 27, and 40.  The reflection assignments 

were collected and assigned a grade as either complete or 

incomplete, but were not read until the conclusion of the 

semester to avoid introducing instructor bias.  It was expected 

that these reflections would provide evidence (or lack thereof) 

of students’ ability to comprehend “personal and social 

implications” and “care about the subject,” which Fink [7] 

emphasizes as important general course goals. 

Additionally, in-class reflection discussions were conducted 

twice during the semester so students could share what they felt 

comfortable talking about and piggy-back on each other’s 

thoughts.  These were valuable for the course director to adjust 

curriculum and assignments later in the semester.  For example, 

the students expressed an interest in lessons learned and how 

they might use their newfound knowledge in their lifetimes 

post-graduation.  The instructors would not have known about 

this interest until after the semester was over if in-class 

reflections were not conducted.  Therefore, the final, lessons 

learned block of the course was kept (despite the project taking 

longer than anticipated), and a final lessons learned assignment 

was created.  This assignment allowed students to reflect on the 

effects of both systemic and charity aid and draw their own 

personal conclusions based on the entire semester’s worth of 

class discussions.  An individual presentation by each student 

was shared with the class for this culminating reflection 

assignment. 

Projects 

A real-world, hands-on service learning project was desired to 

be the focal point of FAS 495.  In some ways this course can be 

considered a service-learning course, as one of the course 

objectives was to engineer a solution to the real problem of 

unclean drinking water based on deep understanding of the 

people’s needs and culture as learned throughout the semester.  

Markus et al [6] concluded that service learning can help 

students develop a better understanding and awareness of the 

cultural concepts than strictly in-class discussions.  Thus, not 

only did FAS 495 give students a chance to apply classroom 

knowledge of culture and engineering technology, but also it 

offered an opportunity for deeper learning and personal growth.     

With the time constraint of one semester, we determined that 

there would not be enough time for students to learn some 

initial background information about Mozambique, the people, 

culture, and way of life then decide on a project to design and 

develop.  Thus, instructors conducted some initial research, 

gave the students an idea for providing Mozambiquans an 

inexpensive, sustainable way to access clean drinking water, 

and showed them one way to do it through the use of a bio-sand 

water filter.  On the first day of class, students were introduced 

to the class project and water filtration was discussed.  After 

learning that only 61% of Africans have access to improved 

drinking water sources, instructors obtained student buy-in and 

transferred ownership of the project to them.  This initial buy-in 

was crucial to tap into the intrinsic motivation already existing 

in the students and ensure it was a student-motivated project, 

not simply an instructor-mandated project. 

For the course project (and evaluation of learning), students 

built a prototype bio-sand water filter using a design guide 

developed by CAWST.  The students utilized the basic design 

and made a few strategic changes to facilitate construction with 

locally available building materials in Mozambique.   
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The downside of the time constraint and not letting the topic for 

the course project develop organically by the students, 

instructors wanted to provide students some type of open-ended, 

under-defined problem.  Therefore, another class project was 

created separate from, and assigned before the bio-sand water 

filter project.  This particular assignment modeled an 

application to the US Agency for International Development 

(USAID) Mission Director in Mozambique in which students 

had to take their knowledge of the challenges, culture, and way 

of life in Mozambique and apply it to choose an effective 

method for providing aid.  Students were required to justify 

their selection, and create a logical business plan, cost estimate, 

timeline, implementation strategy, and clear, definable 

objectives and measures of success in the form of a single 

written report accomplished by the class as a whole.  

The fact that only 51% of Sub-Saharan Africans live on more 

than $1.25 per day stood out to many students, and the class 

chose to focus their USAID project on microfinance.  Although 

microfinance had not originally been a planned topic for the 

course, the topic impressed the instructors and after an in-class 

discussion with the students, the instructors decided to integrate 

microfinance aspect of the USAID project into the real-world 

bio-sand water filter project.  Subsequently, two Air Force 

Academy students who had started a non-profit micro-lending 

organization were invited to lead a lesson on microfinance 

principles, implementation, and possible integration with the 

FAS 495 project.  The ultimate goal of the course project was 

now firm: for the students to teach and develop curricula that 

could be re-taught by an NGO in Mozambique on both water 

filtration using a bio-sand water filter as well as the 

development of a sustainable small business model focusing on 

selling and maintaining the bio-sand water filters. 

5.  RESULTS AND DISCUSSION 

 

The FAS 495 course project resulted in a tangible bio-sand 

water filter, a written assembly / maintenance manual, and an 

outline for a workshop that could be provided to residents in 

Mozambique who might want to use the water filter.  The 

student and instructor reflections and the project products 

provided tangible means to evaluate the course goals.  

Additionally, in-class observation and reflection discussions 

allowed the instructors to subjectively assess the course goals 

and the effectiveness of the interdisciplinary pedagogy. 

 

Course Project 

In-class observation and some student comments showed that 

students struggled a bit with the underdefined real-world 

problem.  Of the three class sessions dedicated to developing 

their workshop and build a prototype bio-sand water filter, the 

students were slow to get started and were looking from 

direction from the instructors on how to get started.  With some 

encouragement, the group developed a plan of action and began 

work.  They researched what tools and materials might be 

available locals by asking guest speakers who had spent time in 

Africa and searching the internet.  They had to construct some 

of the specialized tools required to build a bio-sand water filter, 

such as sieves for separating soil particles by size as shown in 

Figure 1 below, then completely assembled a prototype. 

 

Figure 1 – Student tests a soil sieve after constructing it 

from wire mesh and wood 

 

Application of the interdisciplinary lessons showed in the 

cultural understanding of the students’ project write-up as 

evidence by their emphasis on locally available, sustainable 

materials, understanding of the economic and social systems of 

Mozambique, and anticipated challenges they documented.   

Using the materials provided from the adult learning class, the 

students developed an outline for a workshop to teach an NGO 

in Mozambique how to build and maintain the filter using 

locally procured tools and building materials as well as an 

educational curriculum on personal finance and micro-lending 

to assist the NGO on training entrepreneurs (similar to a train-

the-trainer course).  Although none of the students in the course 

traveled to Mozambique, the filter manual and workshop outline 

were provided to an NGO for implementation. 

 

Reflections 

It was rewarding for the instructors to read the reflection papers 

once the course was over.  It was clear that FAS 495 changed 

the mindset of the students and learning was achieved.  With an 

open-ended project that emphasized cultural understanding as 

much, if not more, than technical content, the three core 

instructors were concerned that the students might not realize 

they learned anything and might not consider the course 

relevant.  The reflections, however, suggest otherwise.   

 

On lesson two, one student wrote, “being a FAS major with an 

emphasis on Africa, I already moved beyond most peoples’ 

misconceptions about Africa and have a deep understanding for 

the region.”  The same student wrote on lesson 15, “I have lots 

to learn about Africa,” on lesson 27, “realized how much I still 

need and want to study about Africa,” and on lesson 40 that 

FAS 495 “was a tremendous growth opportunity for me.”  This 

student’s journey was remarkable and if one of the more 

knowledgeable students in the class could grow this much, its 

an indicator that other students may have grown similarly.   

 

In addition to in-class discussions, the reflections also showed 

that students drew clear conclusions about aid and developed or 

altered personal convictions.  One student commented she 

“really enjoyed the holistic approach” and it was “one of the 

best classes I have taken.”  Additionally, relevance of the 

interdisciplinary material was shown in several students’ 
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references to applying the knowledge from FAS 495 later in 

life.   

 

To compliment the data collected by Marshall et al [4], students 

were asked to respond on a five point Likert scale how much 

each of 24 skills were developed by taking FAS 495.  Figure 2 

below lists all 24 skills and the range and mean student 

responses.  Some of the skills that students reported as being 

most developed in FAS 495 include: 

 Drawing on multiple perspectives to solve issues 

 Considering a broader context when problem-solving 

 Relating to people with backgrounds different from yours 

 Being open to others’ point of view 

 

 
Figure 2 – Self-reported skill development as a result of FAS 

495 

 

These results were very encouraging for the three core 

instructors and support the two specific institutional learning 

outcomes that we discussed previously (intercultural 

competence and involvement and understanding of civic, 

cultural, and international environments).  Of the five skills 

least developed by FAS 495, three were somewhat surprising.  

Choosing the appropriate method to solve a problem, clarifying 

an unstructured problem, and planning were skills that students 

reported they did not develop as much as others through FAS 

495.  It was expected that a real world, underdeveloped project 

would develop these three skills, but it is believed that students 

either felt constrained by the time limitations of the semester or 

may have felt steered into a specific solution by the instructors.  

Overall, every student reported at least slight development in 

every skill in Figure 2, which was a positive result of the 

course. 

 

Reflections also indicated students particularly enjoyed the 

guest speakers from outside the Air Force Academy faculty.  It 

is deduced that they provided realism and credibility that faculty 

could not, similar to the positive results drawn by Nielsen et al 

[10] in which outside experts were consulted and worked with 

students on a class project.  Furthermore, multiple students 

commented the diverse background among the students in the 

class in addition to instructor diversity contributed to the 

learning experience. 

6.  LESSONS LEARNED AND FUTURE DIRECTIONS 

 

A great deal of time planning, locating instructors, and 

developing meaningful curriculum and assignments went into 

FAS 495.  All the instructors, especially the core three, were 

passionate, which helped despite other intradepartmental 

priorities.  If this course is to be offered again, it should be 

easier to execute and take less planning time; however, with a 

high faculty turnover rate at the Air Force Academy, an 

interdisciplinary course like this can never be identical from one 

semester to the next.   

 

Real-world Projects 

All real-world projects would be better than one real world 

project and an artificial USAID project.  Students did not 

respond as well to this project and had trouble bridging from it 

to the bio-sand water filter project.  The primary challenge in 

the spring 2012 semester was time.  More time is needed to 

allow the students to learn about a region, culture, way of life, 

etc., then choose a focus area, and finally develop a solution.   

 

More Time 

To combat this time constraint, an interdisciplinary course like 

FAS 495 which deals with foreign culture should be spread out 

across multiple semesters.  So as to not become a coursework 

overload for a student to take outside of their graduation 

requirements, students could use an initial cultural immersion 

trip to develop relationships in-country and get a feel for what 

kind of project might be effective.  The trip could be followed 

up by a full semester course, where students already have the 

background and an idea to further develop into an executable 

project.  Alternatively, if lack of funding prohibits a trip, a full 

semester interdisciplinary course could be followed up by an 

independent study course to fully develop the project into 

something executable.  A trip or some sort of cultural 

immersion should be an integral part of a course like FAS 495, 

but not necessarily all interdisciplinary courses. 

 

Alternatively, if students are not willing or able to devote more 

than one semester to this type of course, multiple semesters 

could build-off of each other, for example the fall 2012 offering 

of FAS 495 could include the same type of background 

information on history, economics, culture, etc. but that group 

of students would continue to develop the micro-lending and 

bio-sand water filter project where the spring 2012 semester left 

off.  Extending the project or even executing similar project in 

the same country or region could assist the faculty in 

developing a rapport with government officials or NGOs as 

partners in the process. 

Expanded Influence 

As this project gets implemented through NGO-led workshops, 

the role of microfinance could be spread as a force multiplier 

for entrepreneurship and as a means of increasing the health of 

Mozambiquans by providing bio-sand water filters for clean 

drinking water.  The FAS 495 class project was truly a double 

win-win.  Students benefited from the learning process of 

developing a cultural conscious hands-on project to benefit the 

people of Mozambique.  The benefits could grow indefinitely 

through the region as time and manpower permits to lead more 

workshops and locate more entrepreneurs.  Working with a 

local university could amplify our efforts and introduce peer 

collaboration among students from different cultures as well.  
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Codified Interdisciplinary Courses  

Based on student feedback for FAS 495, interdisciplinary 

courses can be successful in achieving the learning outcomes 

and making a course fun and rewarding for students.  More 

interdisciplinary courses should be codified where practical, 

especially those where not only the instructors are 

interdisciplinary, but so too is student body.  To not impose an 

undue amount of work on faculty, departments and interested 

faculty should look for ways to make existing curricula 

interdisciplinary.  For example, the capstone civil engineering 

course at the Air Force Academy includes not only civil 

engineering majors, but also systems engineering majors.  

Faculty that teach this course get credit for teaching a majors 

course and all students enrolled fulfill a graduation requirement.  

These types of courses might be a way to incorporate more 

interdisciplinary instruction and integrate students from diverse 

majors without increasing the overall workload for faculty as a 

whole.   

7.  CONCLUSION 

The primary outcomes of FAS 495 included a rewarding 

interdisciplinary teaching experience for the instructors and a 

significant learning experience for the students.  When trying to 

employ instructors from different disciplines, no matter the 

subject matter, it was helpful to identify a universally appealing 

underlying theme, i.e., helping people with basic sanitation 

needs.   

The diverse backgrounds of the students in addition to the 

faculty was beneficial in assembling the interdisciplinary skills 

and critical thinking required to complete a challenging real-

world humanitarian project.  As the semester progressed, 

students took ownership of the project and influenced the 

direction of the course to meet their unique interests in African 

culture and humanitarian work.  This flexibility contributed to 

the course’s success.   

Through extensive in-class observation and a series of student 

reflection assignments, the instructors determined that relevance 

was achieved and that significant learning occurred.  The 

interdisciplinary pedagogy of FAS 495 resulted in both a 

tangible product that will be employed in a cross-cultural 

environment as well as lasting knowledge and attitudes.    
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ABSTRACT 
 

In most educational experiences, the students 
generate contents that are not the primary source of 
knowledge, but they are only used for evaluation, 
and accessed only by the course teacher. Moreover, 
the teachers are in charge of preparing all necessary 
documents for their courses, either preparing their 
own material or collecting information from other 
authors. This way of working assumes that students 
do not have the capability to generate quality 
content, which may provide support for their peers in 
the learning process. Therefore, we can specify the 
problem approached by this research as follows: 
content generated by students are not considered as a 
primary source of knowledge, mainly because the 
traditional paradigm sees the teacher as the only 
person empowered to produce knowledge. The 
solution presented in this research is a methodology 
of using Web 2.0 authoring tools that can support the 
learning process, delegating in the students the role 
of being producers and consumers of their own 
knowledge. This article describes two cases where 
students assume the role of knowledge producers to 
be used as a primary source of content, and as 
consumers of this knowledge. To implement the 
planned activities, a program to level the ICT 
(Information and Communication Technologies) 
skills was developed. Thus, it could ensure the 
participation of students in each activity designed to 
facilitate the use of unconventional web tools in the 
student community. 

 

Keywords: Web 2.0 tools, learning process, 
authoring tools, learning methodology. 
 
 

1. INTRODUCTION 
 

Traditionally, learning processes have been focused 
on the teacher. Teacher is who coordinates the 
actions oriented to the learning and is also the lead 
manager for the transmission of content, selecting 
information, assign tasks, or coordinate work. In this 
approach it is assumed that students do not have 
sufficient skills to generate knowledge that favors 
their own learning processes and also that of their 
peers. 

This form of teaching and learning is not responding 
to current demands for the future society. It is for 
this reason that education systems are implementing 
actions to have self-directed learners, committed to 
their training, students whose skills and interests are 
now mobilized to learn meaningfully and to work 
collaboratively, once they enter the professional 
world. 

The new teaching and learning practices consider 
this idea and suggest that the students become a 
primary source of knowledge for themselves, their 
peers and educational community, among other 
actors [1] [2] [3] [4] [5]. Some investigations arise 
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that propose a change in this paradigm, those that 
consider the student as a source of authoring content 
for the subject, which also allows the development 
of other skills and competences (creativity, 
innovation, collaborative work, etc.) [6] [7]. 

The literature reports unexpected benefits for the 
effects of peer education. Lasry [8] notes that it 
promotes the mastery of basic conceptualization, 
activation of prior knowledge and skills to solve 
problems facing students learning in the traditional 
way. He further notes that this effect favors even 
pass rates in areas of training where indicators are 
not successful, for example science. 

Innovation in teaching practices and new learning 
methodologies are being encouraged by the potential 
of the Internet for learning. The available tools 
facilitate the generation and distribution of content 
among peers, as they become available to users with 
various options of interaction which favorably affect 
their educational processes, and these are an option 
in the formal education system. 

Today, due to the development of the Web, there is a 
comprehensive set of tools for creating and 
publishing content in different formats (video, slides, 
multimedia presentations, timelines, podcasts, shared 
documents, etc.). They also allow interaction 
between students in a different space and context of 
the classroom. This leads to new scenarios that can 
be used to promote non-traditional learning 
activities. In turn, the variety of available tools to 
publish content to work collaboratively to develop 
projects, enable to respond to the diversity of styles 
and new ways in which students approach to 
knowledge. Therefore, for an effective use of them, 
an appropriate methodology together with an 
appropriate virtual platform are required, creating a 
channel for managing the generated content, and 
promoting the participation and communication 
among the actors of the learning process. 

This article describes two cases where students 
assume the role of knowledge producers to be used 
as a primary source of content, and as consumers of 
this knowledge. To implement the planned activities, 
a program to level the ICT skills was developed. 
Thus, it could ensure the participation of students in 
each activity designed to facilitate the use of 
unconventional web tools in the student community. 

In the first case, the experience was to design 
activities for a course in Organic Chemistry, for 

students of Media Pedagogy in Natural Sciences and 
Biology, who used Web 2.0 authoring tools to 
produce knowledge that later is made available to 
their peers and even to students from other careers of 
the same University. In the second case, a Learning 
Virtual Community (LVC) was created for students 
in first and second year of a computer science career. 
Both cases are described in detail below. 

 
 

2. GENERAL DESCRIPTION OF THE 
PROBLEM AND SOLUTION 

It is possible to specify the problem addressed by 
this research as follows: content generated by 
students are not considered as a primary source of 
knowledge, mainly because the traditional paradigm 
sees the teacher as the only person empowered to 
produce knowledge. Thus, the valuable potential of 
content generation, during the process of teaching 
and learning, fails to take advantage of. In addition 
to this, the requested content format for students 
(paper, Word, PowerPoint, PDF) does not favor 
further distribution or publication in digital media. 

The solution presented in this research is a 
methodology of using Web 2.0 authoring tools that 
can support the learning process, delegating in the 
students the role of being producers and consumers 
of their own knowledge. 

 
 

3. FIRST CASE: CHEMISTRY COURSES 

Based on Lasry proposal [7] called "Instructional 
peer", the experience for students in the chemical 
area was to use web 2.0 tools for specific content 
authoring. Students were selected based on their 
interests, according to the subjects identified in the 
course program. To this end, each student or group 
of students selected a tool to use, for which 
previously were trained by the teacher: Some of 
these tools were: Slideshare [9], Blogger [10], Dipity 
[11], Cacoo [12], GoogleDocs [13]. 

The students' work consisted of: select information, 
organize ideas, prepare presentations and select a 
broadcast medium for their peers, as on-campus as 
online. Complementing the above, each student or 
group of students took an active role for feedback to 
their peers, according to the needs of learning that 
they pose. In this case, we used communication 
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tools, such as a messaging system and social 
networks. 

The activity was organized to encourage 
participation of students from two academic 
programs whose only connection was the same 
signature incorporated into their curricula, but 
traditionally, there is no interaction between them. 
Thus, educational content, designed and produced by 
students were considered as a primary source of 
information, and a more open educational 
community used them. In this case, we worked with 
two courses at the same level but with different 
educational contexts (agronomy and pedagogy).  

As a motivation for their future teaching role, the 
pedagogy students prepared materials designed to 
develop meaningful learning, in a scientific subject 
with high failure rate. This allowed them to create 
knowledge and quality information in a digital 
format, which it was modern and attractive. For this 
purpose technological tools of Web 2.0 were used: 
GoogleDocs, Slideshare, Dipity and Blogger. 
Simultaneously, the students worked collaboratively 
to produce quality information through options 
offered by the Dropbox tool [14]. 

For example, the contents of "intermolecular 
attractions" were developed using "blogger" as 
authoring tool. This initiative was made available to 
students from three different courses using the Web 
as a distribution channel created content. The 
interaction among students, encouraged discussion 
of the issue and recognize the contributions that each 
of them independently could present to enrich their 
learning. Furthermore, this interaction identified 
content most valued by the students themselves, 
identifying the most popular content and most times 
were consulted. In this way, students could 
recognize the quality work among their peers. 

For this case, the knowledge consumers were 
students of the Agriculture career, who value the 
experience positively, since they could improve their 
grades with the new material generated by their 
peers. Moreover, the students who produce the 
knowledge also improved their learning, but also 
recognized the value of being the main agents of 
their own learning process, supported by technology 
tools that were included to innovate traditional 
teaching practices with low academic results. 

 

4, SECOND CASE: COMPUTER SCIENCE 
COURSES 

In the second case, a Learning Virtual Community 
(LVC) was created for students in first and second 
year of a computer science career. In 2010 and 2011, 
each of the students of first and second year had to 
create 15 blogs in order to describe their learning 
experiences linked to the skills acquired in each of 
the courses. Thus, about 1200 blogs were created, 
and they were incorporated into the LVC, becoming 
the primary source of knowledge for students that 
enrolled in 2011 and 2012. To organize the blogs, 
the students used templates in GoogleDocs, and they 
created the blogs using the Blogger system. All this 
was structured on a website creating the LVC. 
Students were be able to search by courses, 
keywords or author. A rating system and 
recommendations of different blogs is being defined, 
which will allow to rank each of the contributions. 
Besides, the LVC allows the emergence of peers and 
experts concerning the various issues, so that 
students have the elements of classification or 
perception of the best contributions to the 
community. As an example, a blog that is visited 
frequently results in that the author of this blog 
becomes more popular in the community. Currently, 
the impact of the LVC in student learning is being 
evaluated. 

 

5. RESULTS 

According to the results of the Organic Chemistry 
course from Pedagogy in Education Sciences career, 
the student approval rate was higher than previous 
years. However, it is necessary to evaluate if this is a 
trend that continues over time. Equivalently, this 
experience also improved the approval rate of the 
group of students from the Agriculture career, who 
acted as knowledge consumers. 

Table 1 shows that from the total number of students 
enrolled in the courses, 96% of them participated 
actively in the activities. A survey was applied using 
Facebook; it established that 85% of the participants 
appreciated the experience as well as their peers 
recognized an interlocutor who is able to promote 
and develop learning. This correlates with the 
approval rating for each subject reached 67%, 
exceeding 45% of the previous semester. 
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Table 1 – Results of experience in Chemistry courses 

 

The interaction between different groups of students 
helped to identify and highlight those contributions 
that were selected for their quality. 

Regarding the content authoring through Web 2.0 
tools such as Dropbox, Slideshared, Blogger, Google 
Docs and Dipity, the ICT tools are a support in the 
learning process, allowing the diversification and 
creation of content covered by students of the cases 
described early. As well, all these tools constitute a 
contribution in the authoring content, when allowing 
the decentralization of the applications in the 
Moodle Learning Management System (because it is 
not necessary that the ICT tool are integrated to 
Moodle, since these applications are in the “cloud”). 

Finally, we included a Social component to the 
platform (JomSocial [15]) in order to improve the 
model for authoring content, then room and channels 
of participation are generated so that the students, 
who the professor considers advisable, can 
participate in the learning communities being this 
one of the landmarks of the model. In other words, it 
is not limited to the number of students formally 
enrolled in a subject since it can potentially be 
shared by students of other careers and by all the 
university community. 

 

6. CONCLUSIONS 

The peer instructional using web 2.0 authoring tools 
allow active interaction beyond the traditional 
classroom, and help to develop quality learning in 
courses such as Chemistry and Programming. 

The use of these tools can develop creativity, while 
promoting interaction to achieve the collaborative 
work, both considered transcendental competences 
for modern professional life. The student’s skills to 
produce quality content are recognized. These 
contents are appropriate to develop learning within a 
community linked by an interest in learning a 
specific content. 

The students' self esteem is strengthened by the 
contributions of their peers and the community 
became involved with this initiative, as the 
individual interests and abilities of the actors are 
considered. 
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ABSTRACT 

This paper focuses in presenting several aspects of the 
interdisciplinary collaboration in teaching and research 
at a liberal arts college. In particular, it presents courses 
and research projects in the computational biology area, 
which naturally call for collaborative work between 
faculty members from mathematics & computer science 
and biology departments. It further discusses (1) 
challenges arising when doing interdisciplinary work, 
(2) the interaction between interdisciplinary teaching, 
research, and communication, (3) possible outcomes of 
such interdisciplinary training for both students and 
faculty members, and (4) how interdisciplinary training 
fits within the liberal arts philosophy. 

Keywords: interdisciplinary communication, teaching, 
and research. 

 
1. INTRODUCTION 

In January 2006, Project Kaleidoscope (PKAL) 
published a report titled, “Transforming America’s 
Scientific and Technological Infrastructure: 
Recommendations for Urgent Action” [6] which urges 
all stakeholders in research and education to make 
fundamental changes and to lend support to educators in 
their training of future scientists in solving complex real 
world problems at the interface of various disciplines 

The complex nature inherent in real world problems 
requires investigators in various disciplines to work 
together to make discoveries and find solutions. From 
the perspective of faculty, the intellectual excitement of 
collaboration with colleagues in other disciplines can be 
a powerful motivator for interdisciplinary work. Yet 
there are many barriers to such collaborations, including 
the need for more time to plan and develop ideas, to 
learn another discipline’s terminology and 
conceptualization, for access to appropriate 
instrumentation, and for flexibility in the structure of 
majors within disciplines. In terms of preparing 
students for scientific careers, learning how to work in 
an interdisciplinary team will be an essential skill for 
their future success. The challenge in terms of student 
learning is ensuring interdisciplinary work does not 
sacrifice preparation in an individual’s primary 
scientific field. For instance, it is impossible to train an 
undergraduate student to be both an expert biologist and 

computer scientist in a short period of time. Exposing 
students to other fields, and developing methods to 
interact and communicate in productive ways is the 
major goal we wish to accomplish through the 
interdisciplinary courses and research projects 
described below.  

The College of Wooster successfully fosters 
interdisciplinary collaborations. Currently, these types 
of collaborations are growing at the interfaces of 
biology/psychology, and biology/chemistry, largely due 
to funding that the college of Wooster has received 
from the Howard Hughes Medical Institute (HHMI) [5]. 
There are similar connections in their infancy with 
biology/computer science, and biology/physics. Here 
we will focus on presenting several case studies of 
interdisciplinary teaching and research between biology 
and math & computer science departments. From here 
on we will refer to this interdisciplinary collaboration as 
computational biology. 

This paper is organized as follows. In sections 2 and 3 
we present several examples of interdisciplinary 
teaching and research. Section 4 exemplifies how 
interdisciplinary communication supports 
interdisciplinary teaching and research, and section 5 
points out the main outcomes of doing interdisciplinary 
activities. In section 6 we shortly illustrate how 
interdisciplinary learning aligns within the liberal arts 
philosophy. Finally, section 7 concludes our major 
observations about the interdisciplinary activities 
presented here. 

 
2. INTERDISCIPLINARY TEACHING 

Two examples of interdisciplinary courses are presented 
below: Intro to Bioinformatics (an upper-level course 
targeted toward computer science (CS) and biological 
science majors) and Intro to Math Biology (which has 
no prerequisites and was intended for a nonmajors 
audience). Both of these courses are co-taught by a two-
member faculty team: a biologist and a computer 
scientist, and a biologist and a mathematician, 
respectively. 

2.1 The Intro to Bioinformatics Course 

Bioinformatics is one of the most exciting areas of 
science today – and its practitioners are in increasingly 
high demand. Researchers in bioinformatics must be 
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well versed in computer science and molecular biology 
/ biochemistry.  Unfortunately, very few College of 
Wooster students have been able to explore both of 
these areas through their course work, and even rarer 
are students pursuing Independent Study projects at the 
interface of these two disciplines. 

Therefore the goal of this course is to give students 
majoring in computer science or molecular biology an 
interdisciplinary experience that will allow them to:  

• Explore the kinds of questions and opportunities 
available in this emerging field. 

• Better understand the interface between molecular 
biology and computer science. 

• Develop the conceptual framework, tools, and 
techniques needed for bioinformatics. 

• Acquire the skills and confidence needed to work 
effectively on teams to confront problems and construct 
solutions relating to bioinformatics research.  It is also 
hoped that some students will ultimately engage in 
additional interdisciplinary work, possibly pursuing 
Independent Study projects and/or graduate work in 
bioinformatics. 

W. Morgan of the Biology Department and S. Visa of 
the Math & Computer Science Department have co-
taught the Bioinformatics course twice (2011, 2012). 
The course organization and the challenges encountered 
while teaching this course are presented next.  

The instructors acknowledge that the most challenging 
part is teaching students with a very diverse 
background. Typically, this class consists of two 
distinct groups: (1) students who have completed at 
least one year of introductory biology, but have no 
programming experience; and (2) students who have 
completed at least one year of introductory computer 
science, but have no biology background. Of course, a 
diverse body of students is the challenge of any 
interdisciplinary course. 

To bring each of the two groups to a common ground, 
from which the class as a whole could start 
investigating bioinformatics techniques for biological 
data, S. Visa offered for the first three weeks a crash 
course in programming for the biology students, and at 
the same time W. Morgan taught the basics of Genetics 
to the computer science students. During these three 
weeks all students worked on homework from both 
groups such that they could successfully complete their 
first exam, which comprised both components. After 
developing a common knowledge basis, the class 
proceeded for the remainder of the course discussing 
central bioinformatics problems from [2] (W. Morgan) 
and working on case studies that required hands-on 
computer programming (S. Visa).  

Another challenging part of this course, in particular for 
students, stems in its interdisciplinarity nature:  this 
course is inherently difficult due to the nature of 
problems it tackles and because it combines biology, 
probability, statistics, and programming. In addition, it 
covers many topics and there is a lot of information to 

be absorbed from multiple textbooks. To overcome this 
difficulty, we constantly illustrate concepts and 
algorithms with concrete examples in ways that the 
students can connect the various disciplines. The case 
studies from the laboratories and the hands-on in class 
exercises are particularly useful here.   

After the first offering (2011), based on students’ feed-
back and new ideas brought back by W. Morgan from 
an undergraduate conference on teaching 
Bioinformatics we made one major adjustments in the 
2012 course offering. We moved from Matlab and Perl 
programming to Python, as the latter software is free, 
relatively easy to learn, and increasingly used in the 
bioinformatics area. In addition, Python can integrate a 
free library dedicated to Bioinformatics, namely the 
Biopython module [1].  

In a one-semester course, we obviously can’t develop 
bioinformatics experts; however, we can achieve our 
goal of developing scientists who are comfortable and 
confident working on interdisciplinary team projects. 
To foster this, students work frequently on small teams 
composed of computer science and biology majors to 
complete their hands-on lab assignments, as well as a 
more extensive bioinformatics project. This project 
requires students to work together to address an open-
ended bioinformatics problem using the computational 
tools and programming skills developed during the 
course. For example, students recently annotated a 
novel bacterial genome sequence and then compared its 
structure to those of closely related species to identify 
shared as well as unique features. Within each team, the 
biology students bring their knowledge and insights to 
comprehend the problem and suggest possible 
solutions, while the computer science students 
complement this by helping to implement the necessary 
procedures. This collaborative work requires them to 
develop interdisciplinary communication skills. 
 

2.2 The Intro to Math Biology Course 

S. Strand, a biologist, and R. D. Pasteur, a 
mathematician, jointly developed and taught a non-
major course in mathematical biology, which ran for the 
first time in 2011.  Aimed at students pursuing majors 
in disciplines apart from natural or mathematical 
sciences, this course had no prerequisites.  Students 
could take this course to satisfy institutional general 
education requirements in science/math and/or 
quantitative skills; however, nearly half of the students 
noted in an end-of-course evaluation that “personal 
interest” (in the content) was among their reasons for 
enrolling. 

Given the opportunity to educate non-scientists about 
important scientific issues of our time, we chose a few 
such issues, based on current relevance, potential 
interest to students, and the associated 
mathematical/statistical content that could readily be 
included. These central topics included infectious 
disease (focusing on influenza, HIV, and malaria), 
pharmacokinetics, population and sustainability, and 
climate change.   
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The goal of this course was to give non-sciences and 
mathematics majors an opportunity to: 

• Understand the basic biology of several contemporary 
scientific issues. 

• Apply mathematical models related to these issues. 

• Comprehend data given in various forms (charts, 
tables, graphs, descriptions). 

• Make qualitative interpretations of quantitative data. 

• Produce charts, tables, and graphs that aid in the 
interpretation of biological data. 

• Read non-technical scientific articles with greater 
comprehension. 

A typical week in the course would include short 
lectures on the biological background of one of the 
central topics, viewing of documentary excerpts, small-
group discussion of non-technical articles (from 
Scientific American, The New York Times, Newsweek, 
etc.), and computer-based explorations of mathematical 
models of the phenomena being studied.  The faculty 
emphasized that mathematics can be used to make 
future predictions about biological systems (rather than 
just as a means for analyzing collected data), and that 
these predictions can then be used for other purposes 
such as developing methods of treatment, or informing 
governmental policy decision-making.   

Nearly forty students signed up for the course, and they 
represented many intended major fields and ranged 
from first-year students through seniors.  The students’ 
heterogeneous backgrounds made it challenging to pitch 
the material at an appropriate level for all students, 
especially in terms of using scientific and mathematical 
terminology that was representative of the disciplines, 
but not overwhelmingly technical.  Another obstacle 
was that many standard models associated with 
biological phenomena involve upper-level mathematics 
(such as systems of differential equations), so helping 
students comprehend the key ideas, without losing them 
in technical details was a balancing act.  Despite these 
challenges, we found anecdotally that the level of 
participation was higher than expected for a non-majors 
science course, and students self-reported substantial 
gains in their “understanding of the link between math 
and biology” and their interest in biological science 
topics. 

 

3. INTERDISCIPLINARY RESEARCH 
Three interdisciplinary research examples in the 
Computational biology area are presented in this 
section. Besides a short description of each project and 
its outcomes, challenges encountered are also discussed. 

3.1 HHMI Sponsored Summer Research 

For three consecutive summers S. Strand and S. Visa 
have co-advised an interdisciplinary project funded by 
the HHMI grant [5]. They have been working with three 
undergraduate students in comparing two related 
Histoplasma capsulatum genome sequences with a goal 

toward comparing similar and disparate regions within 
the genome The students wrote Matlab code and used 
several free Bioinformatics software programs to make 
initial gene predictions in these two organisms, to find 
common and unique genes, and to identify potential 
genes involved in the pathogenesis of the organism. All 
these students have taken the Bioinformatics course, 
which meant the students had the computations skills to 
begin work on the very first day of the program. The 
students successfully identified common and distinct 
genes, and they expanded their initial analysis to predict 
and compare groups of gene families within the two 
organisms. The initial findings have been published 
with two undergraduate students as co-authors at an 
international conference [8]. Currently we are working 
on a journal paper co-authored with two undergraduates 
that presents additional findings (to be submitted in 
2012). 

Several challenges arise in conducting interdisciplinary 
research.  First, synthesizing the expertise of the faculty 
members involved was more challenging than we 
anticipated.  Each professor is proficient in their own 
field of research, yet exploring a question 
interdisciplinarily requires quickly acquiring a basic 
understanding of a new research field.  While learning a 
new discipline is intellectually stimulating and 
rewarding, competing academic demands mean there is 
often little time for this exploration, and therefore the 
research can seem more compartmentalized than 
synthesized. Weekly project meetings were useful in 
synthesizing our research goals and findings by 
bringing both faculty and students together to discuss 
ideas, analyze results, and plan future experiments.  A 
second challenge was the difficulty in to gauging a 
project of an appropriate scope.  A genomic comparison 
of two eukaryotic organisms is a project that is quite 
large in magnitude, and we were naïve in our 
understanding of what we could reasonably accomplish 
during a single summer of research.   An unintended 
benefit of this initial miscalculation in the scope of our 
genomic comparison has led to three consecutive 
summers of collaboration between the same students 
and faculty thereby deepening both the professor’s and 
the student’s understanding of the interdisciplinary 
questions being addressed.      

3.2 Interdisciplinary and Inter-institution Research 
Collaboration 

S. Visa collaborated for the past three years with E. van 
der Knaap from The Ohio State University – OARDC 
(Ohio Agricultural Research and Development Center) 
on an interdisciplinary research project that addresses 
several problems: (1) improving the Tomato Analyzer 
(TA), a feature extraction software which computes 
around 40 morphometric attributes from tomato fruits 
images [4]; (2) modeling tomato fruits in various 
categories; and (3) finding genes that regulate size and 
shape in tomatoes. Of great importance is that this 
research involves undergraduate students as well. 

In 2009 a team of four undergraduates worked under a 
CS faculty advisor (J. Strecker) on the TA project. They  

221

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



  
•  

 

 

 

  

 

 

 

 

 
Fig.1 Interdisciplinary teaching, research, and communication develop analogical and creative thinking skills. 

 
worked on fixing existing bugs in the TA software and 
on implementing new features. The CS students and the 
faculty advisor discussed in weekly meetings with the 
OSU biologists the requirements for the TA. The new 
and improved version was released and the students 
presented their interdisciplinary research experience at a 
conference [4].  

Further, the data obtained through the TA software was 
used as class project for the Machine Intelligence class. 
This is not only an interdisciplinary teaching example, 
but also a case where teaching informs research and the 
other way around. This class is a higher-level class that 
teaches students to analyze data through Machine 
Learning techniques. It seemed natural to assign the 
tomato data analysis as class project, in particular 
because the students were able to immediately see how 
the theoretical algorithms they learned apply to solving 
problems in other fields. In a nutshell, they have used 
classification and feature extraction techniques to 
classify 800 examples of tomato fruits into nine shape 
classes such as round, heart, ellipse, etc. The results 
obtained by the students have been published and 
presented at a conference [7]. 

3.3 Senior Thesis Research 

One distinctive of the institution’s academic program is 
that every student engages in a year-long senior 
“Independent Study” research project, culminating in a 
written thesis and an oral defense.  For double majors, 
these projects blend the two disciplines and are jointly 
mentored by two faculty members, one from each field.  
For example, a student completing majors in the 
biochemistry and molecular biology program and in 
mathematics used artificial neural network models in a 
portion of his senior research.  He sought to identify 
patterns of amino acid patterns in arginine kinases 
(AKs) that differentiated them from other phosphagen 
kinases (PKs), to allow for prediction of whether a 

novel PK was also an AK.  Given the increasingly 
computational nature of the natural sciences, increasing 
numbers of students at Wooster are choosing to pair a 
major in one of the natural sciences with a computer 
science or mathematics major.  For those aspiring to 
careers in research, the combination of early 
interdisciplinary research experience and perspectives 
from two fields frequently prepare them well for 
graduate study. 

One common difficulty encountered in all these 
interdisciplinary research projects is the lack of a 
common vocabulary and shared conceptual foundation 
between the collaborators. To promote interdisciplinary 
communication we used analogical examples and 
analogical thinking. For example, the CS students used 
their knowledge of programming with strings in 
framing a computational solution for gene analysis, by 
recognizing the analogy of strings from CS to the gene 
sequences in biology. 

 

4. INTERDISCIPLINARY 
COMMUNICATION SUPPORTS 

INTERDISCIPLINARY TEACHING AND 
RESEARCH 

From the case studies discussed above we observed that 
interdisciplinary communication is an essential 
component of interdisciplinary teaching and research 
(see Fig. 1). However, as noted above, this type of 
communication is the most challenging among the three 
activities. 

We will now examine how interdisciplinary 
communication supports interdisciplinary teaching and 
research in the case studies from section 2 and 3. 

• The Bioinformatics and the Math Biology courses 
involve (A) and (C). For example, in the Bioinformatics 

Interdisciplinary 
teaching 

(A) 

Interdisciplinary 
research 

(B) 

Interdisciplinary 
communication 

(C) 

Analogical and 
creative thinking 

 (D) Math Bio 
course 

Bioinfo 
Course 
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and MI  
projects 
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class we first established a common vocabulary and 
conceptual base to promote interdisciplinary 
communication. 

• The Senior Thesis and the Machine Intelligence class-
project illustrate the collaboration between (A), (B), and 
(C). The students working on these projects applied the 
theoretical knowledge acquired in courses to the 
research projects, and further communicated their 
research and results in a manner that satisfied both 
disciplines. This is particularly true for the Senior 
Thesis, as both major requirements must be fulfilled by 
the same project. 

• The HHMI and OSU research projects combine in a 
higher proportion (B) and (C). The students and faculty 
working on these projects had to constantly 
communicate with the collaborators in the other field to 
advance the research and to obtain the desired results.  

 

5. OUTCOMES OF INTERDISCIPLINARY 
TEACHING AND RESEARCH 

We believe that interdisciplinary learning and research 
enriches students (and faculty members) in many ways, 
a few of which are discussed below.  

Primarily, through interdisciplinary activities the 
students develop critical and analogical thinking skills 
(see Fig.1). They also learn to adapt and transfer their 
knowledge from one domain to another. In addition, 
they develop the ability to understand and explain 
concepts from less familiar domains. For example, at 
one HHMI research group meeting the faculty advisors 
(S. Strand, S. Visa) could not find a biological 
explanation to a computational result obtained when 
comparing GC content in the two Histoplasma strands. 
At the following group meeting one of the students 
(Matt Lambert’13) who is a CS major came with a 
research paper in biology that, to some extent, 
explained the controversial result.  

By working in mixed teams (i.e. members having 
different theoretical backgrounds) the students develop 
the ability to use their complementarity in designing a 
solution. They also learn to appreciate ¬¬¬that a non-
expert, through having a fresh and very different look at 
a problem, can bring innovating and interesting ideas 
into discussions. 

Finally, faculty interaction on an interdisciplinary level 
will support institutional enrichment and the generation 
of new knowledge through innovative research. A 
deeper understanding of computational biology 
developed through the interdisciplinary research 
between S. Visa and S. Strand has lead one faculty 
member in biology (S. Strand) to integrate discussions 
of computational research as well as a short 
computational assignment into an upper-level 
microbiology course.   

One open question is how we measure the learning 
outcomes from interdisciplinary research and teaching 
with respect to faculty and to students? At the present 
time, we do not have direct measures for the learning 

outcomes discussed here. However the outlined 
outcomes stem from direct observations from working 
with the students. In doing interdisciplinary research, 
successful outcomes are through publication and 
presentation of scientific findings in highly competitive 
conferences. In addition, the feedback received from 
students speaks about the success of these 
interdisciplinary projects: "Presenting one's hard work 
and engaging in discussions about it is such an 
invigorating feeling", stated J.Thomas’11, one of the 
student researchers who presented at MAICS2011 [7]. 

 

6. INTERDISCIPLINARY TEACHING AND 
RESEARCH WITHIN THE LIBERAL ARTS 

CURRICULUM 
The case studies presented here are examples of 
interdisciplinary activities carried out at The College of 
Wooster, which is a liberal arts college. We believe that 
the liberal arts philosophy in particular fosters 
interdisciplinary learning as pointed out below. 

Firstly, the liberal arts curriculum encourages students 
to explore various disciplines before focusing on a 
particular one. It also requires the students to take a 
generous number of credits outside their discipline of 
interest. Thus, this cross-discipline model gives the 
students a broader view, and better prepares them to 
take on interdisciplinary problems. It also spurs 
students’ interest in more than one discipline. This is 
reflected in the high number of double majors at The 
College of Wooster and in the many interdisciplinary 
research projects existing in our campus. 

Secondly, critical thinking, problem solving, and 
communication skills are central to the liberal arts 
philosophy as well as to the interdisciplinary learning.  
Students who participate in interdisciplinary courses or 
research activities learn that although technical 
language and content is discipline specific, the approach 
to problem solving and communicating in any 
discipline, requires similar skills.   

Finally, Cronon [3] emphasizes that a liberal arts 
educated person is not someone that simply fulfills a list 
of required courses, but one that constantly works 
towards acquiring several important personal qualities. 
He lists and discusses ten such highly desired qualities, 
but in the end acknowledges that the liberal education is 
about “the freedom to connect”. We acknowledge that 
interdisciplinary learning and research are connecting 
experiences as both require the students to connect 
information from different disciplines when solving 
problems. In addition the students must connect and 
effectively communicate with individuals in other 
fields.  

The College of Wooster recognizes the advantages of 
creating interdisciplinarily trained young scientists and 
supports interdisciplinary activities. Below we highlight 
some of the support that has spurred our success in this 
area: 
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•The College’s generous Program in Interdisciplinary 
Studies (PIDS) fully credited each of the participating 
faculty members who team-taught Introduction to 
Bioinformatics (rather than splitting the teaching 
credit). This allowed both members to attend all classes, 
ensuring the full integration of course activities. 

•Both departments (math & computer science and 
biology) counted the Intro to Bioinformatics as an 
upper-level elective towards the major, which has 
encouraged student enrollment. 

•Interdisciplinary research projects received support 
from an HHMI Undergraduate Science Education grant 
to the College of Wooster [5]. This provided summer 
stipends for student and faculty researchers, as well as 
supply money and meeting travel funds. 

 

7. CONCLUSIONS 
We present several instances of interdisciplinary 
teaching and research at The College of Wooster, a 
liberal arts college. From the case studies presented 
here we conclude that the interdisciplinary 
communication is the main vehicle in performing the 
former two. However, effective communication 
between individuals having different backgrounds is 
difficult to achieve. For instance, it is challenging to 
communicate interdisciplinary lectures to students 
having different backgrounds. On the other hand, our 
case studies point out that different backgrounds are 
particularly useful in research teams, as the team 
members use their complementarity to find more 
innovative solutions to problems. In addition, working 
with individuals having different expertise promotes 
analogical and critical thinking. 
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ABSTRACT 
 

This paper investigates characteristics of Open Source 
Software (OSS) development projects based on the 
number of participants and their roles and activities in the 
areas of Games and Science/Engineering. We utilized 
Principle Component Analysis (PCA) and clustering over 
the data from SourceForge.net, and the features that we 
considered and analyzed for this study include number of 
users, number of developers, number of message 
postings, number of file releases, and project 
subcategories. For the categories of Games and 
Engineering, the three most active subcategories within 
each were identified, and the result indicates that most of 
the Games and Engineering projects have similar 
characteristics in terms of the selected features and are 
small with about five users. The result also shows that a 
group of Engineering projects seem highly specialized 
and require more subject knowledge in executing the 
projects than other Games projects.  
 
Keywords: Open Source Software Projects, Games, 
Engineering, PCA, Clustering. 
 
 

1. INTRODUCTION 
 
Open Source Software (OSS) has made a significant 
impact on the software development industry. OSS is 
software that provides its source code and allows users to 
modify and redistribute the updated software. The 
original vision for OSS was to improve the reliability and 
quality of the software: by making the source code 
available worldwide, fixing defects is faster and easier.  
  
According to Raymond [10], there are several benefits 
from adopting the open source approach, including better-
quality software and software of higher reliability, and 
lower development and maintenance costs. Independent 
peer review of software enhances its quality and provides 
a rapid release schedule, which ensures that user requests 
are addressed quickly. In addition, according to 
International Data Corporation’s Worldwide OSS and 
Billing 2011-2016 Forecast, the global OSS and billing 

market is expected to grow from $25.4 billion in 2011 to 
up to $29.7 billion in 2016 [5].  
  
Due to these benefits and demands, there are a growing 
number of studies of OSS communities, software 
processes, development tools and techniques, and OSS 
licenses for better understanding OSS activities and 
products. Among these studies, those on OSS 
development communities are important to understand 
OSS participants’ activities and OSS evolution. These 
also provide insight into OSS people and products so as 
to better utilize OSS in diverse ways.  
  
This paper investigates characteristics of OSS 
development projects based on the number of participants 
and their roles and activities in the two different areas: 
Games and Science/Engineering (Engineering for short). 
Since OSS development heavily depends on people, by 
analyzing the people’s behaviors in terms of their 
development activities, we expected to study 
characteristics of the OSS projects in these two different 
areas.  In addition, it has been reported that the growth of 
OSS depends on the growth of the community, which 
again depends on the number of participants and their 
activities.  
  
For the features and related data, we used SourceForge 
Research Data Archive (SRDA) [13] and employed a 
model-based clustering technique to classify the OSS 
projects. Based on the resulting clusters, we analyzed the 
projects with respect to the selected features of 
participants and their activities. Section 2 of this paper 
presents related work, and section 3 explains the research 
data and methods. Section 4 discusses the findings from 
the result, and section 5 concludes this paper. 
 
 

2.  RELATED WORK 
 
Since the OSS development process is different from that 
of traditional software development, many researchers 
and case studies have focused on unique aspects of OSS 
process and participants. Research in [11,12] studied 
social processes, interrelationships, organizational 
contexts of OSS, and other related issues in OSS 
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communities. They analyzed communications and 
messages within project email lists, discussion boards, 
bulletin boards, news postings, etc. These resources 
contain diverse information about OSS requirement 
analysis, implementation, testing, and software evolution.  
 
Research in [1,2,8,14,15,16] studied characteristics of 
OSS participants and social  structures/networks of OSS 
communities.  Research in [8] studied four major OSS 
projects and identified eight different roles of the 
participants.  They found that the structure of an OSS 
community heavily depends on the members and their 
roles.  The study in [14] analyzed email activities of 120 
projects to understand how decentralization within the 
OSS communities leads to hierarchies. It applied 
weighted-network analysis on the email activities and 
identified possible reinforcement effect between a few 
core developers, which affects the mechanisms behind the 
OSS community’s social self-organization. Prior research 
by [7] studied the activities of participants in regards to 
their roles within OSS projects. 
  
Findings from the previous research indicate that an OSS 
community’s success and evolution are closely related to 
the participants’ roles and population. Specifically, a 
study in [2] and a series of research conducted by  the 
University of Notre Dame [1,15,16] focused on OSS 
individuals’ activities, roles, and mechanisms/structures 
of the communities. Research in [2] analyzed mailing lists 
and bug trackers of SourceForge’s 116 projects, where 
each project has more than seven developers and more 
than 100 bugs in the bug tracking system. The result 
showed that the size of the core groups is less than seven 
in each project.  
 
SourceForge (http://www.sourceforge.net) provides free 
hosting to OSS projects and supports more than 300,000 
registered OSS projects as of August 2011. Also, 
SourceForge provides information about the projects to 
OSS research groups via SRDA and FLOSSmole [3].  
The research conducted by the University of Notre Dame 
extracted their experimental data from SRDA and studied 
various aspects of OSS participants and communities.  
Our study also utilized data from SourceForge.  
  
As shown from the previous studies, analyzing activities 
of OSS participants is important to understand OSS 
communities as social organizations. In many cases, OSS 
communities assign a formal role to each participant 
within an OSS project according to his/her expertise and 
contribution to the project. In [7], these formal roles were 
studied with respect to participants’ activities: the 
activities were clustered according to the activities’ 
characteristics, and the resulting clusters were analyzed 
with respect to the participants’ roles to see how these 
formal roles were distinguished from each other by 
activity patterns.  

 
In this paper, the OSS projects themselves are studied, 
with clusters being formed based on the characteristics of 
each project. The resulting clusters are then analyzed to 
determine the overall differences for each project as well 
as whether there were any unique characteristics between 
Games and Engineering projects. While the previous 
work utilized OSS data dated from March 2007 to March 
2008, our experimental data is dated up to May 2011, 
which would provide up-to-date findings about the OSS 
projects.  
 

 
3. EXPERIMENTAL DATA AND DATA 

CLUSTERING 
 
3.1 Data Collection 
SourceForge provides information about its users and the 
projects every month to SRDA in order to support OSS 
research and scholars. SRDA does not include personal 
user information or SourceForge’s specific functional 
information. The archive contains more than 100 tables, 
and also provides query forms for data extraction from 
the tables. By using the query forms, we extracted our 
experimental data, which dated up May 2011. 
 
Each observation in our experimental data includes a 
project ID, the number of users for the given OSS project, 
the subset of users with the Developer role, the number of 
message postings, the number of file releases that the 
project has made, and the project subcategory.   
 
The project ID uniquely identifies the project. The 
number of users for the given OSS project is important as 
certain projects may have a tendency to involve more 
users than others. The Developer role was also included 
as the developer is in charge of making file changes and 
releases. We considered the number of Developers as 
well as the number of file releases in categorizing the 
projects. The number of message postings can show how 
active the project has been. Any users, including 
developers or other roles can post messages. However, 
the message postings in SourceForge have a special 
constraint: each project has the option of whether or not 
to have a forum. Thus, in our experimental data, those 
projects with no forum were considered to have zero 
messages. Similarly, those projects with a forum, but did 
not produce any messages have zero for the number of 
message postings.    
 
The project subcategory is based on the three most active 
subcategories within each of Games and Engineering. We 
identified these subcategories by counting the number of 
projects under each subcategory. A project ID may appear 
multiple times in our dataset if the OSS project was 
involved in multiple categories or subcategories.  Thus, 
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the observation also includes the number of subcategories 
in which the project was included. 
 
The query process extracted 34,421 records that belonged 
to the Games category and 32,374 records that belonged 
to the Engineering category, for a total of 66,795 
observations. To work on a sample of the data that would 
most likely mirror the characteristics of the categories as a 
whole, we decided to use “active” projects for further 
analysis. A project was considered “active” if it has three 
or more users: the higher that number, the more active the 
project. This reduced the total number of records from 
66,795 to 12,678, which shows that over 80% of the 
initially sampled projects have fewer than three users.  
 
As aforementioned, the three most active subcategories 
within the two categories were identified. The three most 
active subcategories in Games were Role-playing, 
Simulation, and Board Games, whereas the three most 
active subcategories in Engineering were Mathematics, 
Simulations, and Bioinformatics. Table 1 shows the 
number of projects belonging to each subcategory. The 
overall total number of projects that fit these criteria was 
4,774. 
 
3.2 Clustering Games and Engineering Projects  
The 4,774 observations were first analyzed with a 
Principal Components Analysis (PCA) to evaluate their 
characteristics. PCA is known as a statistical technique 
that identifies patterns in data and presents the data in 
such a way to highlight the similarities and differences 
[6]. Thus, we conducted PCA on the observations first so 
that the characteristics of the data within the observations 
are manifested, which would result in better performance 
in the following clustering step.   
 
For the PCA, the “prcomp” function of R language [9] 
was applied, and the data was analyzed by a singular 
value decomposition of the observations. We assigned the 
number of users, developers, messages, and file releases 
for each given observation and the number of 
subcategories in which the observation is listed (MultiS 
for short) as features for PCA. As a result, each 
observation consists of these five features (dimension is 

equal to 5). MultiS was considered as a feature because it 
implies interdisciplinary characteristics of the project. 
 
After conducting the PCA process over the observations, 
we performed model-based clustering on the output data 
from the process [4]. Model-based clustering assumes that 
the data were generated by a model, and the clustering 
process presents the model with clusters of similar 
observations. In our experiment, “mclust” function of R 
was used in clustering, which produces clusters according 
to the Bayesian Information Criterion (BIC) for an 
Expectation-Maximization (EM) algorithm.  
 
In order to identify any cluster that has observations from 
a single subcategory or category, the process of PCA 
followed by clustering was repeated as follows: 
 

• Step 1: Conduct PCA followed by clustering 
over the set of observations, OBSnew. 

• Step 2: Identify clusters that have observations 
from a single category or subcategory and set 
them to OBSsame. 

• Step 3: OBSnew  = OBSnew  – OBSsame  
• Step 4: Go to Step 1. 

 
We assumed that the observations of each OBSsame cluster 
imply characteristics of the corresponding category or 
subcategory because those are similar to each other within 
the cluster as well as are distinct from the observations 
that do not belong to that specific cluster.  
 
 

4. ANALYSIS OF CLUSTERS AND DISCUSSION 
 
The first iteration of the data produced 32 clusters, and 
only one cluster had the observations from a single 
category: the cluster contained 12 observations, and these 
were all Engineering projects. Table 2 shows details of 
the observations. mean (u) indicates the mean value of 
users, and similarly the mean()s indicate the mean values 
of developers (d), messages (m), file releases (r), and 
MultiS (MS). Also, %(d) indicates the percentage of 
developers within the cluster. 
 
 

 
 

Table 1. The top three subcategories in each of Games and Engineering 
Criterion Games Engineering 

Most active  Role-playing (1,331 projects: 50.98% of 
all Games projects) 

Bioinformatics (780 projects: 36.06% of 
all Engineering projects) 

2nd most active  Simulation (772 projects: 29.57%) Simulations (741 projects: 34.26%) 
3rd most active  Board Games (508 projects: 19.45%) Mathematics (642 projects: 29.68%) 
Total (% of all projects) 2,611 projects (54.69%) 2,163 projects (45.31%) 
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Table 2. Analysis of Engineering projects from the first iteration 
Size (%) mean (u) mean (d) % (d) mean (m) mean (r) mean (m)/mean (r) mean (MS) 
12 (0.25) 4.8 3.3 68.4 16.5 72.0 0.2 3 

 
 
Even though this cluster is small, the observations show 
several interesting characteristics of Engineering projects, 
as follows: 

• All the projects are interdisciplinary: each project 
is related to all of the Engineering’s three 
subcategories, which are Bioinformatics, 
Simulations, and Mathematics. 

• The user groups have a relatively high percentage 
(68.4%) of developers. The overall averaged 
percentage of developers is 49.0%. 

• On the other hand, the user groups are relatively 
small (4.8 users) compared to 6.4 users, which is 
the overall averaged mean value of users.  

• The users produced many more file releases than 
message postings. Comparing to this group’s 0.2 
ratio of mean (m) to mean (r), the overall averaged 
mean ratio is 4.8. This indicates that the projects as 
a whole produced 0.2 message per file release. 

 
Since this cluster was identified as a result from the first 
iteration, the observations within the cluster can be 
assumed to have characteristics that make them 
distinguished well from others. Thus, the finding 
indicates that there is a small group of Engineering 
projects that are interdisciplinary and have a relatively 
small number of users, but most of the users actively 
produce file releases rather than message postings. This 
implies that the user groups understand their projects well 
and thus, there might be little communication bottleneck.  
 
Our second iteration produced 45 clusters, and one of 
them contained all Engineering projects as shown in 
Table 3. 
 
 

Those Engineering projects have similar characteristics to 
the ones from the first iteration. The projects tend to be 
related to more than one subject, and the user groups are 
small, but they produce a lot more file releases than 
messages. Interestingly enough, the projects produced 
almost zero (0) message: this implies that the projects 
were well-understood among the users.  
 
From the third iteration, a total of 24 clusters were 
identified, and the cluster in Table 4 contained 
observations only from the Games category. Compared to 
the Engineering projects from the previous iterations, the 
user groups of the Games projects are large. Also, the 
users produced a lot more messages than the 
Engineering’s user groups. This implies that the Games 
projects had active communications among the users. The 
percentage of developers shows that the 2/3 users on 
average are developers.  
 
Another finding from the third iteration is that about 75% 
of the all Games and Engineering projects were similar to 
each other in terms of the selected features. An additional 
10% of the all projects were also found in a single cluster 
as shown in Table 5. 
 
When considering the two clusters in Table 5 together, 
the size of user groups is about 5, and the percentage of 
developers is about 40. They produced around 15 to 16 
messages and fewer than 10 file releases. Most of the 
projects belong to a single subcategory, which indicates 
that the projects are not interdisciplinary. 
 
 

Table 3. Analysis of Engineering projects from the second iteration 
Size (%) mean (u) mean (d) % (d) mean (m) mean (r) mean (m)/mean (r) mean (MS) 
8 (0.17) 3.5 1.8 50.0 0.2 139.0 0.01 2 

 
 

Table 4. Analysis of Games projects from the third iteration 
Size (%) mean (u) mean (d) % (d) mean (m) mean (r) mean (m)/mean (r) mean (MS) 
6 (0.13) 66.8 47.2 70.6 579.0 196.7 2.9 1.67 
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Table 5. The largest two clusters after the third iteration 
 CLA CLB 
Size (%) 3538 (74.42) 480 (10.10) 
mean (u) 4.5 4.7 
mean (d) 1.9 1.8 
% (d) 43.0 39.2 
mean (m) 16.1 14.6 
mean (r) 4.5 9.8 
mean (m)/ mean (r) 3.6 1.5 
mean (MS) 1 2 
Games projects (%) 2013 (56.90) 248 (51.67) 
Engineering projects (%)  1525 (43.10) 232 (48.33) 

 
 
In summary, about 85% of the Engineering and Games 
OSS projects have similar patterns in terms of the user 
group, message posting, and file release activities. 
However, some OSS projects seem to have unique 
characteristics inherited from the subject area, either 
Engineering or Games. Those characteristics can be 
described as follows: 
 

• Some Engineering projects have a relatively small 
size of users, but they are all actively participated 
in the project.  

o There was little communication among the users. 
This might be because the users had good 
understandings about the project as well as their 
tasks. 

o The projects were interdisciplinary, and thus they 
seem to be highly specialized and targeting to a 
specific user group.  

 
• Some Games projects have large user groups, and 

seem to have active communications among the 
users. 

o They produced many more messages and file 
releases than most of the other projects. This 
might indicate that the games from these projects 
are popular.  

o They also had a much higher percentage of 
developers than the average. This indicates that 
most of the users are actually developers of the 
code, and it might be because much of the 
programming does not require specialized subject 
knowledge compared to the Engineering projects 
aforementioned. 

 
 

5. CONCLUSION 
 
In this paper, we studied characteristics of OSS projects 
in the areas of Engineering and Games. We utilized the 
up-to-date, real-world OSS project data provided by 
SourceForge and the iterative process of PCA and 

clustering in order to analyze the data. The result 
indicates that most of the Engineering and Games 
projects have similar patterns in terms of user group, 
message posting, and file release. The detailed data also 
show that most of the projects are small with about five 
users. 
 
However, based on the findings, it is also implied that 
some Engineering projects seem highly specialized and 
require more subject knowledge in executing the projects 
than other Games projects. The results from this study are 
expected to help build a better understanding of the OSS 
projects in the two areas and better utilize the code 
products from them: we plan to utilize the findings in 
locating appropriate OSS that can be used as seeds for 
students’ development projects. 
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Abstract

The entering tones are recognized using 

rule-based method, maximum entropy model and 

support vector machine. For those syllables which 

are affirmatively entering tone syllables, or 

undoubtedly non-entering tone syllables, rules are 

made use of to recognize. But for the ambiguity 

syllables, statistics-based method is utilized to 

disambiguate. Rules can reduce the recognition 

problem’s scale, and the statistical method can 

improve the accuracy of entering tone recognition. 

We compare the results of rule-based method, 

maximum entropy model and support vector 

machine. the precision using rules is the lowest and 

the precision using maximum entropy model and 

support vector machine are much higher than 

rule-based method. From the precision, the accuracy, 

F-measure and efficiency, maximum entropy model 

is better than support vector machine. 

Key words: Entering Tone, Rule, Maximum 

Entropy Model, Support Vector Machine, F-measure

1. Introduction

Entering-tones are the tones which 

corresponding Chinese characters are ancient 

entering-tone characters. Entering tones, one of the 

four tones in classical Chinese pronunciation, still 

retain in certain dialects, and disappear for 

mandarin. For example, “yi1”, “shi2”, “bai3” and 

“liu4” stand for four different tone types for 

mandarin. If the four syllables stand for “ ”, “ ”,

“ ”, and “ ” respectively, the four syllables are 

entering tones. Because  “ ”, “ ”, “ ”, and 

“ ” are ancient entering tone characters. “ ”,

“ ”, “ ”, and “ ” are pronounced entering tone 

for YangZhou dialect and NanNing dialect now. In 

order to make dialect conversion system’s effect 

better, entering tones should be 

recognized.[1][2][3][4][5][6][7] 

Section 2 gives rules to recognize entering 

tones. Section 3 introduces maximum entropy 

model. Section 4 gives a simple introduction to 

Support Vector Machine. Section 5 presents how to 

recognize entering tone. Section 6 analyzes 

experimental results, and offers the systematic 

comparison of three methods. Section 7 draws a 

conclusion. 

2.  Rule-based method 

There are 1334 syllables with tone for all Chinese 

characters of GB2312. 78 syllables are entering tone 

syllables and 905 syllables are non-entering tone 

syllables of 1334 syllables. Other 351 syllables are 

ambiguity syllables. The entering tone syllables and 

non-entering tone syllables are recognized using 

rule-based method. [1][2][3][4][5][6][7] 

Whether a syllable is an entering tone is related 

to the vowel and initial consonant of the syllable. 

We summarized the rules of syllables as table1. 

[1][2][3][4][5][6][7]

Table 1  rules 

 rule example 

1 The syllable in Mandarin which is 

Yin rhyme and the rising tone and 

which consonant is unaspirated stop 

and affricate is an entering tone 

word. 

“ ”,

“ ”

2 The syllable in Mandarin which 

vowel is “üe” is an entering tone 

except “que2” and “xue1” . 

“yue”, 

“nüe”, 

“lüe”, 

“jue”, 

“que1”, 

“que4”, 

“xue2”, 
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“xue3” 

3 The syllable in Mandarin which 

vowel is “a” and initial consonant is 

“f” ,“z” or “c” is an entering tone. 

“fa”, 

“za” ,“ca

”

4 The syllable in Mandarin which 

vowel is “uo” and initial consonant 

is “k”, “zh” ,“ch” “sh” or “r” is an 

entering tone. 

“kuo”, 

“zhuo” , 

“chuo” ,“

shuo”, 

“ruo” 

5 The syllable in Mandarin which 

vowel is “ie” and initial consonant 

is “b”, “p” ,“t” or “n” is an entering 

tone. 

“bie”, 

“pie” , 

“tie” ,“ni

e”

6 The syllable in Mandarin which 

vowel is “ei” and initial consonant 

is “g”, “h” or “z” is an entering 

tone. 

“gei”, 

“hei” , 

“zei” 

7 The syllable in Mandarin which 

ends in  nasal consonant “n” or 

“ng” except ancient entering tone 

words is a non-entering tone. 

8 The syllable in Mandarin which 

initial consonant is “m”, “n” “l” or 

“r” and the tone is level tone, the 

rising tone, or the falling-rising tone 

except “ma1”, “mo1”, “mo2”, 

“mo3”, “ru3”, “la1”, “nie1”, “lei1”, 

and “luo1”  is a non-entering tone. 

9 The syllable which vowel is “i” and 

initial consonant is “z” ,“c” or “s” is 

a non-entering tone. 

10 The syllable which vowel is “uei”, 

“uai” or “er” is a non-entering tone. 

11 The syllable which initial consonant 

is “zh” ,“ch”,“sh” or “r” except 

“ ” and “ ” and which tone is the 

falling-rising tone is not  a 

entering tone word. 

12 The syllable which vowel is “ou” 

and initial consonant is not 

“zh” ,“ch”, “sh” or “r” is not a 

entering tone word. 

3  Maximum Entropy Model

Maximum entropy model (MEM) is used for 

disambiguating for the ambiguity syllables. 

Maximum entropy model is equation (1). 

[8][9][10][11] 

)),(exp(

1
)(

)),(exp()()|(

y i

ii

i

i

i

yxf
xZ

yxfxZxyP

=

=

     (1) 

x stands for a pinyin sequence, y stands for a 

pinyin sequence with entering tone tags. For 

example, for “ ”  x=“she4 hui4 zhu3 

yi4 jian4 she4”, y=“she4 hui4 zhu3 yi4 jian4 she4/r” 

 “/r” is entering tone tag, and it expresses that 

the syllable is an entering tone. So “she4” is an 

entering tone and others are not entering tones. 

i in Eq. (1) expresses the weight of fi. The Z (x)

expresses normalization factor.

4. Support Vector Machine  

Support Vector Machine, or SVM was first 

introduced in 1992. It is used in chunking 

recognition, POS tagging and word segmentation. 

[12] 

Given a pinyin sequence S=p1p2p3…pn, each 

pinyin syllable pi will have a tag: if the Chinese 

character of the syllable is an ancient entering tone 

character, then f(pi)=1, and if not, f(pi)=-1. Thus, the 

problem of entering tone syllable recognition turns 

to a binary classification one. Each pinyin falls into 

a class, either 1 or -1, i.e. either entering tone or 

non-entering tone. 

For example: “ ”,  

x=“ji4 suan4 yu3 yan2 xue2 shi2 yan4 shi4”,  

y=“ji4/-1 suan4/-1 yu3/-1 yan2/-1 xue2/1 shi2/1 

yan4/-1 shi4/1” 

“xue2”( ), “shi2”( ) and “shi4”( ) in Chinese 

character, are of entering tones, so it should be 

tagged “+1”, and the others are not entering tones 

and should be tagged “-1”. 

For a binary classification problem, given 

training set S={(x1,y1),(x2,y2),…(xm,ym)}, and 
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xi X=Rn, yi Y={+1,-1}, i=1,2,…, SVM can learn a 

function f(x), and then the decision function f(x) can 

classify new input vector x.

For linear classifier, SVM would train the set, and 

compute the best hyperplane g(x)=wTx+b, which 

makes the decision boundary as far away from the 

data of both classes as possible. 

The algorithm[12][13][14][15][16][17]: 

(1)  Given training set  

S={(x1,y1),(x2,y2),…(xn,yn)},  

yi {1,-1}, 1<=i<=n 

(2)  K(xi,xj)=(xi xj+1)d         (2) 

(3)Maximize 

    
jijij

n

ji

i

n

i

i xxKyyW ,
2

1

1,1

   (3) 

and satisfies 

niy i

n

i

ii ,....,3,2,1,0,0
1

      (4) 

, Lagrange coefficient = ( 1 ,…, n ) is obtained.  

(4) The vectors xi which satisfies (4) is a support 

vector.   

(5) b= 11
2

1 *

0

*

0 xx            (5) 

here x*(+1) is a support vector of entering tones, 

x*(-1) is a support vector of non-entering tones. 

0

2

0 2W =
jijiji xxyy00        (6) 

(6) Make prediction for the category of x' according 

to
bxxKyxf

torSupportVec

iii

'' ,
       (7) 

= ( 1 ,…, n ) is from (3) and b is from (5). 

5. The Recognition Process

The process is as follows: 

(1)The newspaper corpora are transcribed into 

pinyin sequences using Crystal TTS tool1,

(2) The pinyin sequences are proofread.  

(3) We utilized ancient entering tone Chinese 

character list to recognize the entering tones. The 

syllables which aligned Chinese characters are 

                                                       
1 Programmed by Cai LianHong et al, Department of Computer 

Science and Technology, Tsinghua University 

ancient entering tone characters are entering tones.  

(4) Entering tones or non-entering tones are 

recognized according the rules in section 2. 

(5) For other ambiguity syllables, maximum 

entropy model or support vector machine is 

respectively to recognize the entering tones.

6. Experimental results 

Experimental corpus is People’s Daily newspaper 

corpus of 1998. The corpus covers 1,608,121 pinyin 

syllables. There are 1570 kinds of syllables in the 

corpus. The entering tone list includes 120 pinyin 

syllables. There are 254 syllables in the ambiguous 

list. 36% of the corpus syllables are in the 

ambiguous list. 4.48% pinyin syllables are in the 

entering tone list, and they are tagged “entering 

tone” simply. 90% of the corpus is used as the 

training set and 10% is used as the testing set. 

A series of features should be considered for each 

pinyin syllable. Two kinds of features are taken in 

consideration. One is the ambiguous syllable, and 

the other is its context syllables. 

Precision P, accuracy A, recall R and F-measure F 

are used to evaluate experimental results of 

statistical method.  

%100×=
B

BD
P              (8) 

%100×=
D

BD
R              (9) 

%100
2

RP

PR
F               (10) 

( ) ( )
%100

-
×=

C

BDCBD
A   (11) 

Suppose set C contains all testing syllables of 

statistical method, set D contains all entering tone 

syllables, and set B contains all entering tone 

syllables that are predicted by maximum entropy 

model or support vector machine. 

First, rules are used for recognizing entering 

tones.  

A=(104191/161637)*100%=64.46% 

The accuracy using rules is 64.46%. 
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Table 2 Results of different position and same span

  1 2 3 

A 88.82% 90.55% 89.12%

P 88.37% 88.81% 87.85%

R 85.54% 89.57% 87.01%
SVM 

F 86.93% 89.19% 87.43%

A 89.80% 91.45% 89.70%

P 86.79% 89.27% 87.21%

R 89.45% 90.90% 88.88%
MEM 

F 88.10% 90.08% 88.04%

MEM is maximum entropy model, and SVM is 

support vector machine in table 2 and table 3. 

Table 2 gives the results of same context span 

and different target syllable position. The context 

span is 3 and target syllable position is respectively 

1, 2 or 3. If target syllable position is 1, the first 

syllable of context window is the target syllable. If 

target syllable position is 2, the target syllable is 

set in the center of the context window. 

According to table 2, if target syllable position 

is 2, the result is the best of all for SVM and MEM 

respectively. If the target syllable position is 1, the 

result is the worst for SVM and MEM respectively. 

Thus, if the context span is set, it is better to make 

the center of context window as the target syllable. 

According to table 2, if target syllable position 

is 1, the accuracy, the recall rate and F of MEM are 

higher than those of SVM. if target syllable 

position is 2, the accuracy, the precision, the recall 

rate and F of MEM are higher than those of SVM. 

Table 3 The results of different span  

  3 5 7 

A 90.55% 91.49% 91.61%

P 88.81% 90.55% 90.75%

R 89.57% 89.80% 89.87%
SVM 

F 89.19% 90.17% 90.31%

A 91.45% 91.60% 91.61%

P 89.27% 89.58% 89.43%

R 90.90% 90.96% 91.11%
MEM 

F 90.08% 90.26% 90.26%

Table 3 gives the results of different context 

span. The target syllable is set in the center of the 

context window and the context span is respectively 

3, 5 or 7. The larger the context span is, the higher 

the accuracy, the precision, the recall rate and F are 

for maximum entropy model and support vector 

machine respectively. When the context span is 7 

the precision is 0.01% more than that when the 

context span is 5 and F keeps unchangeable for 

maximum entropy model. But the precision is 

improved 0.12% and F is improved 0.14% when the 

context span is improved for Support Vector 

Machine.  

But when the context span is 3, the the 

accuracy, the precision, the recall rate and F of 

MEM are higher than those of SVM.. When the 

context span is 5 or 7, the accuracy and the recall 

rate of MEM are higher than those of SVM. 

In all, the precision using rules is the lowest 

and the precision using maximum entropy model 

and support vector machine are much higher than 

rule-based method. The efficiency of maximum 

entropy model is higher than the efficiency of 

support vector machine. From the precision and 

efficiency, maximum entropy model is better than 

support vector machine.

7  Conclusion 

Rules , maximum entropy model and support 

vector machine all help improving the accuracy, the 

precision, the recall rate and F of entering tone 

recognition. The context span and the target syllable 

position play an important role in entering tone 

recognition for maximum entropy model and 

support vector machine. In order to improve the 

accuracy, the precision, the recall rate and F further, 

we should take into account more rules, more large 

scale training corpus and more features. 
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ABSRACT 
Since it takes time to do experiments in bioinformatics, 

biological datasets are sometimes small but with high 

dimensionality. From probability theory, in order to 

discover knowledge from a set of data, we have to have a 

sufficient number of samples. Otherwise, the error bounds 

can become too large to be useful. For the SOM (Self- 

Organizing Map) algorithm, the initial map is based on the 

training data. In order to avoid the bias caused by the 

insufficient training data, in this paper we present an 

algorithm, called Multi-SOM. Multi-SOM builds a number 

of small self-organizing maps, instead of just one big map. 

Bayesian decision theory is used to make the final decision 

among similar neurons on different maps. In this way, we 

can better ensure that we can get a real random initial 

weight vector set, the map size is less of consideration and 

errors tend to average out. In our experiments as applied to 

microarray datasets which are highly intense data 

composed of genetic related information, the precision of 

Multi-SOMs is 10.58% greater than SOMs, and its recall is 

11.07% greater than SOMs. Thus, the Multi-SOMs 

algorithm is practical. 

KEYWORDS 
Self-Organizing Maps, Weights Vector, Bayesian Decision 

Theory, Feature Selection, Sample Selection. 

1. INTRODUCTION 
Self-Organizing Maps (SOM) provides mapping from the 

input space to the clusters. According to [18], a SOM 

attempts to organize clusters that are near each other in the 

grid-space to those seeds that are close in the input space. 

It differs from k-means clustering because it defines an 

area around each cluster seed in the grid via a 

neighborhood function. Clusters that are close in proximity 

on the grid have similar input variables. 

We survey microarray experimental results, in order to 

gain insight into the data – possibilities and problems – to 

determine whether the data are sufficient and to select the 

proper preprocessing and modeling techniques. Several 

different data sets are considered. For liver cancer [2], 

there are 17,400 genes and 179 samples, for lung cancer 

[6], there are 12,600 genes and 245 samples, for NIH 

cancer dataset [17], 12,196 genes and 240 samples, for 

prostate cancer [11], there are 26,260 genes and 103 

samples. We can make such a conclusion that the majority 

of Microarray experiments cannot supply enough samples 

to do classification. The following methods can tell us how 

many samples are enough to train a learning model with 

regard to the number of samples, the number of genes and 

the percentage of errors.  

In [13], the inequality shown below provides a general 

bound on the number of training examples sufficient for 

any consistent learner, L, to successfully learn any target 

concept in H, in which m means the number of training 

examples, |H| means the size of hypothesis space H. L will, 

with probability (1- δ), output a hypothesis h with error
D

 

(H) < ε, after observing a reasonable number of training 

examples and performing a reasonable amount of 

computation. 

M  ≥  (1/ε)(ln|H| + ln(1/δ)) 

In accordance with this inequality, we can find the number 

of samples in each dataset mentioned above is not 

sufficient for the learner to learn a target concept. Because 

limited samples of data might misrepresent the general 

distribution of data, estimating true accuracy from such 

samples can be misleading. 

If we take a model of the true distribution and train it with 

a highly skewed distribution, the final classifier accuracy 

might be unacceptably low. In this paper, first of all, we 

use proper preprocessing techniques, such as t-test and 

fold-change, and machine learning algorithms, to 

investigate Microarray data sets, and then we present a 

new algorithm, called Multi-SOM, to model Microarray 

data.  

2. RELATED WORK 
Previous works by co-author Segall on applications of 

SOM to data mining for bioinformatics include [19] to [24] 

as discussed next. [19] presented a chapter on data mining 

of microarray databases for biotechnology. [20] performed 

data mining of microarray databases for human lung 

cancer. [21] performed data visualization and data mining 

of microarray databases for continuous numerical-valued 

Abalone fish data and discrete nominal-valued mushroom 

data using evolutionary algorithms specifically for neural 

networks and generic algorithms. [22, 23, 24] performed 

data mining of microarray databases of Leukemia cells 

using single SOM. This paper extends the methodology 

used in previous research from using single-SOM to a new 

algorithm that uses Multi-SOM. 

In [26] is presented a Multi-layer neural network. This 

network consists of two types of elements: CU is 

Clustering Units, which distinguish some clusters in the 

input data, and DCB is Data Completion Blocks which are 

between input and CUs to prepare data for CUs. The aim 

of the CU elements is to independently assign label Y to 

each corresponding input vector X. The aim of the DCB is 

to prepare input vectors X basing on the outputs from the 

previous layer. The DCB can effectively describe the 

distribution of the input, but, in order to build DCB layer, 

the entire dataset has to be handled first. If the dataset is 

large, it takes time to do so. Moreover, the advantage of 

SOMs is to reduce the dimension of the data. So, using 

clustering in pre-processing step is against the original 

property of SOMs. An algorithm, called Multi-layer 

Kohonen Self-Organizing Feature Map (MLKSFM) is 

236

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



 

   

   

   

  

Input Layer Neurons: X = (x1, x2, x3, … , xn) 

SOMs: W = (w1, w2, w3, … , wn) 

given in [27]. It has a hierarchical structure in which the 

pre-classification if performed at the lower level 

MLKSFM and the final language identification if 

performed at the top level. This approach is to use k-means 

to retune SOMs which have already been built. 

Some improvements of multi-layer SOMs algorithms are 

because of the requirements of the applications. [26][8] 

The additional layer is for the evaluation of domain 

features. Although they belong to Multi-layer SOMs, they 

cannot be used to improve the hypothesis of SOMs. 

Rauber et al. [16] developed the Growing Hierarchical 

Self-Organizing Map (GHSOM) that is an Artificial Neural 

Network (ANN) model with hierarchical architecture 

composed of independent growing self-organized maps. 

The motivation was to provide a model that adapts its 

architecture during its architecture during its unsupervised  

training process according to the particular requirements of 

the input data. Rauber et al. [16] applied their GHSOM 

model to text data only with data sets of 420 and 10,000 

articles respectively with good results, but did not apply to 

microarray data sets as this articles addresses. 

3. SELF ORGANIZING MAPS 

3.1 SOMs Introduction 
Self-Organizing Maps belong to competitive neural 

networks. Competitive learning is an adaptive process in 

which neurons in a neural network are sensitive to 

different input categories, sets of samples in a specific 

domain of the input space. ([1], [3], [4], [7], [9], [10], [12], 

[14], [15], [25]) 

A Self-Organizing Map consists of two layers as shown in 

figure 1. Suppose that we have a set of n-dimensional 

vectors. The first layer of SOMs is the input data which 

transfer to the second layer. The second layer has a number 

of neurons which are chosen arbitrarily and can be used to 

representing the feature space.  

 

 

 

 

 

 

 

 

 

Figure 1. SOMs Architecture 

On the second layer, each neuron has the same dimension 

as the input neuron from the first layer. First of all, weights 

of the neurons on the second layer are set randomly. 

During the training process, they have their own weights 

vector and update those during the training process. When 

an input x arrives from the first layer to the second layer, 

the neuron that is best able to represent it wins the 

competition and is allowed to learn it even better. 

Moreover, not only the winning neuron but also its 

neighbors on the lattice are allowed to learn. All neighbors 

mk of mj can be updated in this way: 

mk ← mk + α(xi – mk) 

The neighbors of mj are defined to be all mk, such that the 

distance between lj and lk is small. The effect of the update 

is to move the prototype closer to the input data, but also to 

maintain a smooth two-dimensional special relationship 

between the prototypes. 

3.2 SOMs Learning Process 
At the beginning, all weights of the second layer's neurons 

are set to random values. The training process starts with 

selection of the input neuron. In the training set, we 

randomly select one of the neurons as the input of SOMs. 

The difference between input neuron and all neurons of 

SOMs are calculated as follows: 

Dij = |Xl - Wij| = sqrt((x1-wij1)
2 + ... + (xn-wijn)

2) 

where i and j are the index of neurons in the output layer, l 

is the index of input neurons, n is the index of the 

dimension on the input neuron vector l. After that, the 

SOMs choose the winning neuron, the one whose weights 

vector is the most similar or closest to the input neuron. 

D(k1, k2) = minij Di,j 

Here, k1 and k2 are the index of the winning neuron. After 

finding the winning neuron, we need to update the weights 

of the winner and all the adjacent neurons, as follows, 

h(ρ, t) = exp(ρ2 / (2*σ2(t)) 

ρ = sqrt((k1-i)
2 + (k2-j)

2) 

After calculating the topological neighborhood function 

for each neuron, the weights of all the neurons are updated, 

as follows, 

Wij(t+1) = Wij(t) + α(t) h(ρ, t) (Xl (t) - Wij(t)) 

α(t) is a learning rate function that also decrease with time. 

If a neuron is a winner or adjacent to the winner, then its 

weight vector is updated or remains unchanged otherwise. 

On each step, the SOMs determines the neuron whose 

weights vector is the most similar to the input vector, and 

correct it and its neighbor’s weights vector to make them 

closer to the input vector. 

4.MULTI-SOM 

4.1 Introduction 
Self-Organizing Map uses two-dimensional topology to 

present high-dimensional data. Like other Neural Network 

algorithms, SOM algorithm can significantly discrete the 

error, nearly to the level of Kmeans. So, two dimensional 

network structure used by SOM is reasonable for high-

dimensional datasets. The structure of SOM gives rise to 

discussions about neighborhood preservation or violation. 

From input space to output space, self organizing maps are 

built up with randomly chosen training data. Therefore, the 

size of the map and the association of neighborhood can 

affect the quality of the SOM model. According to 

experimental results, it is hard to say that the bigger the 

size of the map, the better. 

Moreover, SOMs are based on a number of plausible 

heuristics, such the initial weights, the size of the map, 

learning rates, and so on. All these can lead to very slow 

convergence, poor performance or other unsatisfactory 

results. 

Therefore, in this paper, a Multi-SOMs algorithm is 

presented. In this algorithm, we choose a number of small 

maps. Since the size of the map is not big, it is fast to train 

a SOM model. Totally, we have a large number of neurons 

with randomly assigned weights. Since the size of neurons 

is large enough that we can consider that the distribution of 

the weights on Multi-SOMs is close to the true distribution 

and its bias is statistically small.  
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Other than the improvement of the distribution, we also 

use the Bayes decision theory to make a prediction. 

Consider each map is a training set. For each input testing 

data, based on the probability distribution of the training 

set, according to Bayes decision theory, we can find the 

maximum probability of the class that the input data can be 

classified. 

4.2 Description of Multi-SOMs Algorithm 
Algorithm: Multi-SOMs 

Step 1: train a number of SOMs  

Input: training samples, samples; the learning rate, l; the 

map size, k; maximum iteration times, MaxIteration. 

Output: A number of Self-Organizing Maps trained with 

classify samples. 

Method: 

1. generate a number of SOM. 

2. for each SOM{ 

2.1. do{ 

2.2. for each Input neuron { 

2.3. check the similarity of the sample Xl to the 

weight vector Wij  on the SOM 

2.4. record the most similar weight vector 

2.5. update the neighborhood weight vectors. 

2.6.} 

3.} while (t < MaxIteration) 

} 

Step 2: Classify the input neuron 

4.Calculate P(ck), the probability of class k = 1, …, m 

5.For each neuron, X, in the training set{ 

5.1  Find the similar neuron, Sij  , from the nth SOM 

5.2  Record the class of the similar neuron 

5.3P(cm | X
l) = P(Xl | cm)*P(cm) /Σm

k=1 P(Xl | ck)*P(ck) 

5.4  C(Xl) = Maxm
k=1 (P(ck | X

l)) 

} 

5. EXPERIMENTS 
We compare the performance of Multi-SOM with SOM 

algorithm in decision making. We finished experiments in 

the following steps. First of all, we generated a high 

quality data set through sample selection and feature 

selection. And then, we used the data set with the best 

quality to test Multi-SOMs and SOMs.  

5.1 Sample Selection and Feature 

Selection 
Statistical process for microarray expression data includes 

the following steps: 

1. pre-processing: because of experimental errors, some 

values of expression data are missing. We use KNN 

algorithm to automatically impute missing values 

first. 

2. sample selection: since microarray expression data set 

is not very big, we can use total data for any 

experiments and applications. However, regarding to 

the different number of treated samples and untreated 

samples, we randomly generate data sets in which 

both treated and untreated classes have the same 

number of samples. 

3. feature selection: even if data mining analysis can be 

performed, it is still extremely useful to reduce the 

data set to those genes that are best distinguish 

between the sample classes. 

After generating different data sets, as the output of the 

process, we use data mining analysis to evaluate them. 

Precision model building includes two steps: model 

building and model validation. Model building involves in 

training data selection. Model validation involves in 

testing the built model with testing samples and measuring 

the precision and recall of the output of the generated 

model. 

We use KNN, Random Forest, Multipass-Lqv, and SOM 

algorithms to calculate the precision and recall on different 

data sets. KNN is based on the direct comparison of the 

distance between two neighbors. This algorithm is good 

for high dimensional vectors. Random Forest is based on 

decision tree theory. Since the best features are selected to 

build decision trees, the significance of different features 

are considered in this algorithm. Multipass-Lqv and SOM 

belong to neural network algorithm. Since samples can be 

randomly selected as input for many times, these 

algorithms are good for high-dimensional small size data 

sets, such as microarray expression data.  

We complete the experiments with the original dataset, 

dataset generated randomly, and dataset generated by 

statistical approaches, which can be found in table 1. For 

each dataset, four algorithms, such as K Nearest Neighbor 

(KNN), Random Forest, SOM, Multipass-Lvq, are used to 

test the quality of the output data. For each data set, among 

those algorithms, the one with the best performance on all 

data sets can be used to evaluate the quantity of the data 

set. The measurements of the performance of each 

algorithm on the different datasets can be used to evaluate 

the quantity of the different datasets. These measurements 

include accuracy, sensitivity, specificity, precision and 

recall. 

According to the experimental result, we can see that the 

dataset, with the total data, fold-change set to 2.0 and 

pValue set to 0.01, performs better than others. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Description of  Datasets 
dataset samples genes removing percentagetotal order sub order

1 total 179 19536

2 total_pvlaue005 179 6660 0.659090909 24 8

3 total_pvlaue001 179 4383 0.775644963 18 6

4 total_fc20 179 2717 0.860923423 12 4

5 total_fc20_pvalue005 179 1270 0.93499181 6 2

6 total_fc20_pvalue001 179 772 0.96048321 3 1

7 total_fc15 179 5795 0.703368141 19 7

8 total_fc15_pvalue005 179 2768 0.858312858 14 5

9 total_fc15_pvalue001 179 2181 0.888359951 9 3

10 balance3 50 19536

11 balance3_pvlaue005 50 5864 0.6998362 21 7

12 balance3_pvlaue001 50 3939 0.798372236 16 6

13 balance3_fc20 50 2785 0.85744267 15 5

14 balance3_fc20_pvalue005 50 886 0.95464783 4 2

15 balance3_fc20_pvalue001 50 743 0.961967649 2 1

16 balance3_fc15 50 5900 0.697993448 22 8

17 balance3_fc15_pvalue005 50 2403 0.876996314 10 4

18 balance3_fc15_pvalue001 50 2135 0.890714578 7 3

19 balance2 50 19536

20 balance2_pvlaue005 50 5948 0.695536446 23 8

21 balance2_pvlaue001 50 4006 0.79494267 17 6

22 balance2_fc20 50 2739 0.859797297 13 5

23 balance2_fc20_pvalue005 50 898 0.954033579 5 2

24 balance2_fc20_pvalue001 50 739 0.9621724 1 1

25 balance2_fc15 50 5851 0.700501638 20 7

26 balance2_fc15_pvalue005 50 2422 0.876023751 11 4

27 balance2_fc15_pvalue001 50 2148 0.89004914 8 3
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5.2 Performance 
Figure 2 is a 100*100 self organizing map. Each position 

is an N dimensional neuron vector. Initially, in this map, all 

of the values of vectors are randomly generated. Before we 

train this map, the training data can be visualized in figure 

2. 

For the best data set we choose, we visualize its 

distribution on the self-organizing map as follows, after 

feature selection and sample selection. 

  

 

 

 

 

 

 

 

 

 

 
Figure 2. The distribution of the training set after 

sample selection and feature selection 

We followed the following steps to evaluate the two 

algorithms. 

1. We build input vectors. 

2. We build a n*n map with a random weight vector on 

each position. 

3. We use input vectors to train SOM map. 

4. We use the trained map to classify input vectors. 

After training with Multi-SOMs model, the distribution of 

the weights vectors can be visualized in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. The distribution of the weights vectors after 

training. 

We compare the performance of SOM and Multi-SOM on 

657KB liver cancer Microarray gene expression data set 

with 179 samples and 772 genes. Experimental results are 

showed in figure 4. The precision of SOM is 83.65% and 

Multi-SOM 94.23%. The recall of SOM is 81.52%, and 

Multi-SOM 92.59%. Therefore, the precision of Multi-

SOMs is 10.58% greater than SOMs, and its recall is 

11.07% greater than SOMs. 

 

 

 

 

 

 

 

 

 

 

Table 2. Rank the order of datasets by accuracy, 

sensitivity, specificity for original and random 

datasets. 

feature selection algorithms the good sample

no knn total

random forest balance2

multipasslvq balance2

som total

pValue = 0.05 knn total

random forest balance2

multipasslvq total

som total

pValue = 0.01 knn total

random forest total

multipasslvq total

som total

fc = 2.0 knn balance3

random forest total

multipasslvq balance2

som balance3

fc = 2.0 pValue = 0.05 knn balance3

random forest balance3

multipasslvq balance2

som total

fc = 2.0 pValue = 0.01 knn balance3

random forest total

multipasslvq total

som total

fc = 1.5 knn total

random forest balance2

multipasslvq balance3

som balance3

fc = 1.5 pValue = 0.05 knn total

random forest balance3

multipasslvq total

som total

fc = 1.5 pValue = 0.01 knn total

random forest total

multipasslvq total

som total

Precision-Recall Measurement for the Sampling 

 

Table 3. Rank the order of datasets by precision-

recall measurement for original and random 

datasets 

feature selection measurement algorithms rank1 rank2 rank3

no accuracy som total balance2 balance3

sensitivity knn balance3 balance2 total

specificity MultipassLvq balance3 balance2 total

random forest total balance3 balance2

pValue = 0.05 accuracy random forest total balance2 balance3

som total balance2 balance3

sensitivity knn total balance2 balance3

specificity random forest balance3 total balance2

MultipassLvq balance2 balance3 total

pValue = 0.01 accuracy som total balance2 balance3

sensitivity knn

specificity random forest balance3 total balance2

SOM balance2 total balance3

MultipassLvq balance2 balance3 total

fc = 2.0 accuracy random forest total balance2 balance3

som total balance2 balance3

sensitivity knn total balance2 balance3

specificity knn balance3 total balance2

random forest total balance2 balance3

MultipassLvq balance2 total balance3

fc = 2.0 pValue = 0.05 accuracy som total balance2 balance3

sensitivity knn total balance2 balance3

specificity random forest total balance3 balance2

fc = 2.0 pValue = 0.01 accuracy som total balance2 balance3

sensitivity knn total balance2 balance3

specificity random forest total balance2 balance3

MultipassLvq balance3 balance2 total

fc = 1.5 accuracy som total balance2 balance3

sensitivity knn total balance2 balance3

specificity random forest balance3 balance2 total

fc = 1.5 pValue = 0.05 accuracy som total balance2 balance3

sensitivity knn total balance2 balance3

specificity random forest total balance3 balance2

MultipassLvq balance3 balance2 total

fc = 1.5 pValue = 0.01 accuracy som total balance2 balance3

sensitivity knn total balance2 balance3

specificity random forest total balance2 balance3

Accuray-sensitivity-specificity Measurement for the Sampling 
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Figure 4. Precision and Recall for SOM and Multi-

SOM Algorithms 
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6. CONCLUSION 
In this paper, the open issue in bioinformatics is presented 

that the size of the sample set and the dimension of the 

sample set is critical to computational efficiency and 

accuracy. The theory of SOMs is based on some 

hypothesis about initial weights, the size of the map, the 

learning rate and so on. However, these points can still 

affect the quality of the SOMs model for classification or 

clustering. In order to solve this problem, an algorithm, 

called Multi-SOMs is proposed. This algorithm splits 

SOM into a number of small maps and makes a final 

prediction with Bayes decision theory. The time and space 

complexities are not issues as the Multi-SOM algorithm 

was very fast for these sizes of problems. 

Moreover, for experiments, we present the pre-processing 

of the dataset and the classification process. The 

experimental results show us that Multi-SOMs is better 

than SOMs as applied to microarray datasets that by their 

design are highly dense. It is noted that Multi-SOMs are 

assigned the size of the map before building the model. In 

future, another kind of SOMs technique, called Growing 

SOMs (GSOM) [28] can be combined to dynamically 

build the model. 
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ABSTRACT 

 
Starting from the summer of 2007 first at USA, 

followed by European and Asian markets we 

witnessed a global financial crisis. As we are slowly 

recovering from the crisis, as of now, several 

economies are in painful process of slow recovery .We 

are nowhere near to the pre crisis state.  Some experts 

[1] have blamed repeal of Glass-Steagall act which 

allowed the commercial banks to more risky areas and 

in general deregulation policies. Some attributed to the 

derivatives and Structured Investment vehicles that 

were designed and sold by Financial Engineers which 

was not understood by ordinary investors. Robert 

C.Merton attributes that non linear derivatives not 

fully understood by ordinary focks as well as 

regulators and compares the situation to that of going 

for increased speed of engine without tracks to support 

such a high speed train – lack of infrastructure [5]. 

 
Keywords: System Dynamics, Global financial crisis, 

Financial Engineering, Investors, structured 

Investments. 

 

1. INTRODUCTION 
 
We have developed a comprehensive model to explain 

the crisis. The crisis is due to the combination of 

several small reasons which have created the crisis as 

well    propagated through the system boundries in a 

non linear way. In addition to several economic issues, 

the general greed and fear of the investors have 

multiplied the small oscillations to big waves. System 

Dynamics which speak of interconnected systems is 

an excellent tool to model such situations. Also the 

behavoural features can only be modeled through 

System Dynamics.  

 

The paper will outline the model structure which we 

are making and present the results of first stage which 

has withstood first stage validation tests. The model 

considers three regions USA, Europe and Asia and 

each region consists of speculators, Investors and 

Regulators.  The flow of liquidity across the globe and 

effect of one region on another is well captured using 

appropriate table functions. Also the impact through 

behavioral features is the special feature of System 

dynamics based models.  The model outline and first 

stage results will be presented. Subsequently we are in 

the process of scaling up the model to global level. 
 

All the previous approaches take a very mathematical 

view of the stock and option markets. However, the 

changes in stock prices are reflected in the changes in 

option prices only after passing through the very 

subjective judgment process of the different market 

players like the speculators and the investors, who all 

react differently to the same market situation. A purely 

mathematical model cannot capture this aspect of the 

market. Moreover, not only do the market fluctuations 

affect the decisions of the investors, but these 

decisions also lead to further fluctuations in the 

market. Such a feedback cannot be captured in any of 

the previous models. Hence a system dynamics-like 

approach is necessary in order to take this factor into 

account.  

 

System dynamics is the theory of structure and 

behavior of systems [2]. As global economy has 

evolved by integration of capital markets, we need 

global regulatory system to effectively control. 

Understanding the Financial crisis and evolving 

coordinated stabilization polices is the final objective 

of our efforts. System Dynamics modeling with its 

system orientation, easy to use, intuitively appealing, 

and yet mathematically sophisticated methodology is 

the best tool to comprehensively understand and 

analyze the crisis. 

 

2. BROAD OUTLINE OF PROPOSED 

MODEL 

 
The approach described in this report simulates the 

subjective judgment process of the different market 

players in order to estimate the asset price at the end 

of the day. It does not describe the asset price as a 

mathematical function .It simulates the decisions made 

by the market players according to the movements in 

stock price, and open interest [4]. The various market 
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players and their decision-making criteria are as 

described below [3]. 

 

INVESTORS 
 

Investors are concerned with long-term returns on 

their investment. Hence, they use the International 

version of Capital Assets Pricing (CAPM) model or 

Arbitrage Pricing Model (APT) as a bench mark to 

determine intrinsic value of an asset.  This helps them 

to determine whether a given investment is under-

priced or over-priced. The basic investing strategy 

with regards to an investment   is to buy under-priced 

options and sell over-priced options.  Thus the 

investors compare the actual asset price in the market 

with the theoretical CAPM/APT price. If actual price 

is greater than CAPM/APT Price, i.e. the asset is over-

priced, they sell; otherwise, they buy. The causal loop 

diagram for investors is as shown in Figure 1. 

 

 
 

Figure 1: Causal loop diagram for Investors' 

buying & selling decisions 

 

SPECULATORS 
 

The speculators are concerned with quick gains from 

the market. Thus their trading strategies are driven by 

the current price of the asset rather than whether the 

asset is over-priced or under-priced. One of the market 

indicators used here is the smoothed average [4]. If the 

current market price of the security is greater than the 

smoothed average of past values, they step up selling 

and reduce buying anticipating a decrease in price. On 

the other hand, when the current market price of the 

security is less than the smoothed average of past 

values, they step up buying and reduce selling, 

anticipating an increase in price. The causal loop 

diagram for the speculators’ decision-making process 

is as shown in Figure 2. 

 

 
Figure 2: Causal loop diagram for speculators' 

buying & selling decisions 

 

HEDGE FUNDS 

 

Hedge funds play in many international markets and 

have highly sophisticated decision-making algorithms. 

However, the basic criterion for investing in any 

market is whether the markets are bullish or bearish. 

One of the parameters used for determining whether 

the asset market is strengthening (bullish) or 

weakening (bearish) is to compare the changes in the 

price of the asset n with the changes in the open 

interest.  

 

Open interest is defined as the total number of asset 

contracts that have not yet been exercised, expired or 

fulfilled by delivery. It is often used to confirm trends 

and trend reversals for options contracts as they 

measure the flow of money in the options market. 

Pring [4] gives the guidelines to be used while using 

open interest as a market indicator. These are 

summarized in Table 1.  
 

Table 1: Buying and selling decisions of hedge 

funds 

Asset 

price 

Open 

Interest 

Market 

State 

Hedge 

Fund 

Decision 

Rising Rising Bullish Buy 

Rising Falling Bearish Sell 

Falling Rising Bearish Sell 

Falling Falling Bullish Buy 

 

Increasing open interest means that new money is 

flowing into the market place. As a result, the present 

trend (up, down or sideways) will continue. 

Decreasing open interest means that market is 

liquidating and implies that the prevailing price trend 

is coming to an end. Combined with the changes in 

asset price, the changes in open interest give the 

following rules for hedge fund activity in the given 

asset market. The causal loop diagram for hedge fund 

activity is as shown in figure 3. 
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Figure 3: Causal loop diagram for hedge funds' 

buying and selling decisions 

 

CONCLUSION 
 

We sum up the  buying/selling rate of Investors, 

Speculators and Hedge Fund opeartors as total buying 

rate/selling rate for each region. When total buying 

rate is equal to the total selling rate the asset price is in 

equilibrium. With this as a basic building block, we 

simulate conditions and study the global impact on 

asset prices. We sare still in the process of 

development of a world wide model and once 

completed, we will be able to similate the impact on 

asset prices at global level. Initial simulated results 

fairly depict the actual run for Indian based securities.  

 

 This model can easily be applied to explain individual 

stock/option price or at aggregate stock index at 

national or global level. The basic model stands 

validated at one country-Indian level.We are yet to try 

in International environment. The impact of say 

housing bubble on the other asset markets through 

interlinked global markets can be simulated and 

anaylsed . Some structrul imbalance resulting in initial 

downward push creating a negative feed back 

amplified by fear as manifested in Table function 

values would exactly create the current crisis 

conditions we are model through via model. 

 

 Several policy options at different sectors can also be 

studied using this model if coordinated polices are put 

in action or uncordinated polices are practiced. 

Hopefully we will be able to develop the full scale 

model  with full scale policy sensitivity studies and 

present during the   next conference . The power of 

System dynamics based model to explain and design 

policesto contain the current Financial crisis 

incorporating the behavioual aspects is the basic 

motivation of our paper. 
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ABSTRACT 

 

Mobile computing research evolves constantly and quickly.  

New mobile devices, technologies, methods, or applications are 

introduced every day.  One of the mobile applications, location-

based services (LBS), has attracted great attention recently.  

This research proposes location-based research, which uses 

location information to find route anomalies, a common problem 

of daily life.  For example, an alert should be generated when a 

pupil does not follow his/her regular route to school.  Different 

kinds of route anomalies are discussed and various methods for 

detecting the anomalies are proposed in this paper.  The 

proposed method based on a linear route representation finds the 

matched routes from a set of stored routes as the current route is 

entered location by location.  An alert is generated when no 

matched routes exist.  Preliminary experimental results show the 

proposed methods are effective and easy-to-use.     

Keywords: Location-Based Services, Mobile Security, Linear 

Route Representation, Linear Approximation, and 

Smartphones. 

1.  INTRODUCTION 

The number of smartphones shipped worldwide has passed the 

number of PCs and servers shipped worldwide in 2011 and the 

gap between them is expected to keep bigger.  The emerging 

smartphones have created many kinds of applications that are 

not possible or inconvenient for PCs and servers, even 

notebooks.  One of the best-seller applications is location-based 

services.  This paper proposes location-based research, which 

uses location information to find route anomalies.  Different 

kinds of route anomalies are discussed and various methods for 

detecting the anomalies are proposed in this research.  It is 

divided into five steps: (i) route data collection, (ii) route data 

preparation, (iii) route pattern discovery, (iv) route pattern 

analysis and visualization, and (v) route anomaly detection.  The 

major methods use a technique of incremental location search 

based on a linear route representation, which facilitates the route 

storage and matching.  It begins the searching as soon as the first 

location of the search route is entered.  Location-by-location, 

one or more possible matches for the route are found and 

immediately presented.  An alert is generated when no matched 

routes exist.  Preliminary experiment results show the proposed 

methods are effective and easy-to-use.  The rest of this paper is 

organized as follows.  Section 2 gives the background 

information of this research, which includes three themes (i) 

location-based services, (ii) related location-based research, and 

(iii) route representations and matching.  The proposed system is 

introduced in Section 3 and several simple methods of route 

anomaly detection are explained too.  Section 4 details the two 

major methods using a linear route representation and 

incremental location searching.  Section 5 gives experimental 

results and evaluations.  The last section gives a summary of this 

research. 

2.  BACKGROUND AND LITERATURE REVIEW 

Traditionally, a travel route is stored as a series of locations 

(latitude, longitude) and route matching uses simple 

comparison.  This research saves the routes as sequences of line 

segments and the route matching becomes finding the distance 

between the current location and line segments.  Related 

research can be found from the articles [3,5,8,9,10,11,12]. 

 

Route representations: Route representations in computer are 

similar to image representations because each consists of a set 

of locations/pixels on a two-dimensional plane.  Therefore, the 

representations of images can be applied to route 

representations and matching.  Chang, Jungert, & Tortora [2] 

proposed a 2-D string representation.  A matching query may 

specify a 2-D string, transforming retrieval into a 2-D 

subsequence matching.  A 2D C-string for spatial knowledge 

representation, which employs a cutting mechanism and a set of 

spatial operators, was proposed by Lee & Hsu in 1990 [6].   
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Route matching: Incremental search is a progressive search, 

which finds matched text as the search string is entered 

character by character.  Most incremental searches are based on 

the research of Aho and Corasick [1], who develop an algorithm 

to locate all occurrences of any of a finite number of keywords 

in a string of text.  The algorithm consists of constructing a 

finite state pattern matching machine from the keywords and 

then using the pattern matching machine to process the text 

string in a single pass.  The number of state transitions made by 

the pattern matching machine in processing the text string is 

independent of the number of keywords.  

3.  THE PROPOSED SYSTEM 

The GPS (global positioning system) function of smartphones 

provides location information of mobile users.  Collections of 

location information are able to depict the mobile users’ travel 

routes such as walking routes between homes and schools or a 

saleman’s delivery routes.  This research uses the location 

information to find any route anomalies, e.g., a pupil does not 

take the daily route to school.  The proposed system is 

introduced in this section. 

The Proposed Steps 

This research is to find route anomalies.  It is divided into five 

steps as shown in Figure 1: 

 

i. Route data collection:  This step collects route data 

before the application is used, 

ii. Route data preparation:  Raw GPS data is usually not 

reliable and consistent and includes many noises.  It has 

to be prepared before used. 

iii. Route pattern discovery:  Not all routes are valid, e.g., a 

very short route is usually not useful.  This step puts 

valid routes into a database and removes invalid routes,  

iv. Route pattern analysis and visualization:  It analyzes 

the routes and allows users to view the routes on maps, 

and 

v. Route anomaly detection:  This step is used to find any 

route anomalies, the theme of this research.   

 

 

 
 

Figure 1.  The five steps used by the proposed system 

 
 

 

 

 

 

 

(a)  (b)  (c) 

 

Figure 2. (a) The application icon “Route Checking” on a 

device, (b) the entry page of the application, and (c) the page of 

route data collection 

 

 

Figure 2.a shows the application icon, Route Checking, on an 

Android device.  After clicking the icon, it displays the entry 

interface of this system as in Figure 7.b, which includes three 

radio buttons: 

 

 Collect route data, which redirects to the interface in 

Figure 2.c for route data collection after this button is 

submitted.  This function can be activated anytime, but 

most likely it is activated at the beginning of using this 

application. 

 Check routes, which redirects to the interface in Figure 

6.b for route checking after this button is submitted. 

 Show stored routes, which is used to display the 

information of the stored routes as shown in Table II, 

which includes the number and start and end times and 

locations of each route.  The latitude and longitude of a 

location are represented by r and θ of the polar coordinate 

system.  Routes can be added to the system from time to 

time and users are able to delete undesirable.  Table 1 

shows the basic information about routes.  Details of each 

route are stored elsewhere.  

 

 

Table 1. Basic route information including route 

numbers, and start and end times and locations 
 

Route 

# 

Start End 

Time 
r 

(meter) 
θ Time 

r 

(meter) 
θ 

1 
05/26/2010, 

18:23:42 
8326 236.20° 

05/26/2010, 

18:45:23 
9397 236.22° 

2 
05/27/2010, 

09:31:58 
8594 235.34° 

0527/2010, 

09:50:41 
8526 235.33° 

… … … … … … … 

n 
05/31/2010, 

13:13:37 
8038 236.86° 

05/31/2010, 

14:20:37 
8976 236.90° 

 

 

System Implementation 

The collected route data is usually raw because GPS data is 

usually not reliable and consistent and contains many noises 

[4].  The data needs to be processed before being used 

effectively.  The methods of data preparation include filtering, 

recovery, restoration, and trajectory.  The system then checks 

the prepared route data and removes invalid routes.   This 

research uses location information to detect route anomalies.  
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Many methods can be used to find route anomalies.  Four kinds 

of detection are introduced next: 

 

 Time check: For example, the Route #1 takes about 23 

minutes.  If a trip follows the route and takes far more 

than 23 minutes, then an alert may be generated.  Also, 

the start and end times can be used in this check.  For 

example, the schools start at 8:30am.  If the student has 

not arrived at school by 8:30am, then an alert may be 

generated. 

 Border check:  For example, the delivery routes are within 

a community.  If a route reaches out of the community, 

then an alert may be generated.  An easy way to find the 

border is to box the routes such as the one shown in 

Figure 3. 

 

 
 

Figure 3. An example of boxing a route 

 
 

 Start and destination check: If the traveler does not start 

from any beginning locations of routes or does not reach 

any destination by a specific time, it may deserve an alert. 

 Route check:  The above methods are simple, but lack 

accuracy.  This method checks the routes with higher 

accuracy and uses more complicated algorithms, which 

will be detailed in the next section. 

4.  ROUTE CHECKING USING A LINEAR ROUTE 

REPRESENTATION 

Route checking is more complicated.  This section discusses the 

methods used to find route anomalies.  Traditional routes are 

represented by series of locations, which are complex and 

difficult to use.  An algorithm is developed to straighten the 

routes so the routes can be stored as a set of line segments and 

route matching becomes a simple task of checking the distance 

between the current location and line segments.  The proposed 

route checking can be divided into two cases, ordered and 

unordered routes.  There is no alert generated if the traveler 

does not start at the beginning location or stop at the end of a 

route since the start and destination check can be easily used to 

check this condition. 

Linear Approximating a Human Travel Route 

The proposed linear approximation algorithm converts a human 

travel route into line segments.  The approximation captures the 

essence of a route in the fewest possible line segments.  A 

polygonal approximation, based on an error function, is applied 

to this method [7].  Before applying this algorithm, however, 

the route has to be smoothed to unit thickness so that branch 

routes may be located.  Let e be the maximum allowable error.  

For a given location A, through which an approximation line 

must pass, one can define two points B and C at a distance e 

from A.  The algorithm searches for the longest segment where 

the curve is contained between two parallel tangents starting B 

and C: 

 

// Linear Approximating a Human Travel Route 
 

LINEAR_APPROX( ROUTE, pi, pj, e ) 

      // ROUTE: a route in a series of locations (latitude, longitude)  

      // pi: the initial location of the route 

      // pj: the neighbor of pi on the route 

      // e: the maximum allowable error 
 

1. b ← pi + e 
2. c ← pi ‒ e 
3. IS_FIRST ← TRUE 
4. while  NUMBER_8_NEIGHBOR(pi) ≠ 0 
5.      while  NUMBER_8_NEIGHBOR(pi) > 1 
6.           pj ← BEST_PATH(ROUTE, pi, e) 
7.           LINEAR_APPROX(ROUTE, pi, pj, e) 
8.           print  pi 

9.      ROUTE[pi] ← CLEAR 

10.      Lb  ← bpj  

11.      Lc  ← cpj  

12.      if  IS_FIRST 

13.           Labove  ← Lb  

14.           Lbelow  ← Lc  

15.           IS_FIRST ← FALSE 
16.      else 

17.           if Lb  is above Labove   

18.               Labove  ← Lb  

19.           if Lc  is below Lbelow  

20.               Lbelow  ← Lc  

21.           if ( Labove , Lbelow ) > 0 

22.                print  pi 

23.                b ← pi + e 
24.                c ← pi ‒ e  
25.                IS_FIRST ← TRUE 
26.      pi ← pj 
27.      pj ← 8_NEIGHBOR(pi) 
28.   ROUTE[pi] ← CLEAR 
29.   print  pi 

 

 
The function BEST_PATH finds the route of the longest line 

segment when the location pi has more than one 8-neighbor.  

This is why the route needs smoothing before applying the 

algorithm.  A non-unit thickness route may mislead the 

algorithm into calling the BEST_PATH function.  This 

algorithm requires quadratic time because the BEST_PATH 

function needs to check as many paths as possible and any 

location on the route may invoke it.  Figure 4 shows an example 

of order routes and Figure 5 shows the corresponding linear 

route after applying the algorithm LINEAR_APPROX to the 

route in Figure 4. 

 

 
 

Figure 4.  An example of order routes 

n: Travel order 

1 2 

3 

4 

5 
● 

● 
● 

● 

Start 

End 
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Figure 5. The corresponding linear route after applying the 

algorithm LINEAR_APPROX to the route in Figure 4 

 

Ordered Routes 

For this kind of routes, the order of the locations is 

relevant, e.g., bus routes.  An example of ordered routes 

is given in Figure 4, where the directional sub-routes are 

the numbers, 1, 2, 3, 4, and 5.  The numbers also imply 

the travel order, e.g., the traveler takes the route: 

start→1→2→3→4→5→end.  Assume the traveler must 

travel along the stored routes.  A simple algorithm using 

incremental location searching for finding route 

anomalies in ordered routes is given below.  It checks the 

traveler’s locations one by one.  If the distance between 

the current location and the current line segments is 

greater than a threshold value, then it reports an anomaly.  

The traveler’s beginning location can start anywhere in a 

route and the traveler can end the checking anywhere and 

anytime.  
 

 
Route Checking for Ordered Routes 

 
1. Every stored route is an available route. 
2. Find the start location of the traveler in an available 

route i and set the current line segment ic to the first 
matched segment. 

3. d0 = the distance between the current location and the 
current line segment ic . 
d1 = the distance between the current location and the 
next line segment ic+1 . 
if [d0 ≤ e (the allowable error)], then do nothing, 
else if [(d0 > e) and (d1 ≤ e)], then ic = ic+1 and ic+1 = 
ic+2 (the next segment after ic+1),        
else remove the route from the available routes.   
If the available routes are empty, report an anomaly 
and stop. 

4. Repeat the above step for the next location of the 
traveler until the traveler ends the route checking. 

 

 

Unordered Routes 

For unordered routes, the order of the locations, maybe 

except the start and end locations, is irrelevant, e.g., 

newspaper delivery.  Figure 4 shows an example of 

unordered routes if the numbers are ignored.  In order to 

find anomalies in unordered routes, the route data 

collection needs to find and save all line segments 

connected to intersections, such as the {3, 4, 8, 9} and {5, 

6, 11, 12} in Figure 5, and bidirectional sub-routes among 

the start and end segments of each route.  An intersection 

is a road junction where two or more roads either meet or 

cross at grade.  For example, the route in Figure 4 

includes the following items: 

 

 Start segment: Segment 1, 

 End segment: Segment 12, 

 Line groups: {3, 4, 8, 9} and {5, 6, 11, 12}, and 

 Bidirectional sub-routes: 1↔2↔3, 4↔5, 6↔7↔8, 

9↔10↔11, and 12. 

 

The algorithm of finding route anomalies in unordered 

routes is given below.  It is more complicated compared 

to the one for ordered routes because the traveler’s next 

location could be in several possible sub-routes.  When an 

intersection is reached, the algorithm checks all available 

sub-routes from the intersection. 

 
 
Route Checking for Unordered Routes 

 
1. Every stored route is an available route and every sub-

route of an available route is an available sub-route. 
2. Find the start location of the traveler in an available 

sub-routes of an available route i and set the current 
line segment ic to the first matched segment. 

3. d0 = the distance between the current location and the 
current line segment ic . 
d1 = the shortest distance between the current 
location and the line segment ic+1 among the ones 
connected to ic. 
if [d0 ≤ e (the allowable error)], then do nothing, 
else if [(d0 > e) and (d1 ≤ e)], then mark the ic 
unavailable and ic = ic+1 , 
else remove the route from the available routes.  If the 
available routes are empty, report an anomaly and 
stop. 

4. Repeat the above step for the next location of the 
traveler until the traveler ends the route checking. 
 

 

 

The above algorithm does not check whether all sub-

routes are visited.  It could be easily remedied by adding 

a checker on each sub-route.  Also, the algorithm 

generates an alert if a sub-route is visited twice because it 

is unusual to travel a sub-route twice in most cases.  It 

could be easily modified if users do not want it to 

generate an alert for this condition.   
 

 

5.  EXPERIMENTAL RESULTS 

 

This section gives the experimental results. 

Route Data Collection 

The first step of this research is to collect route information.  

The collection could be activated anytime and anywhere.  

Figure 2.b shows the entry page of the application.  After a user 

picks the button “Collect route data,” the system displays the 

interface in Figure 6.a including three radio buttons: 

 

 Start collecting route data, which starts collecting route 

data.  Typical location information provided by a 

smartphone includes times, the latitude and longitude of a 

n: Travel order 

● 
● 

● 
● Start 

End 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 
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location.  The location information is collected as 

frequently as possible and the collection frequencies 

depend on the travelling methods.  For example, the 

frequencies for walking, biking, and driving are different.  

This process runs in background by using multi-

threading, so the smartphone can still function as usual. 

 End collection, which ends the current route data 

collection. 

 Check the current route, which is used to check the status 

of the current data collection including the map as in 

Figure 6.c and data as in Table 2. 

 

 

 

 

 

 

 

  (a)  (b)  (c) 

 
Figure 6. (a) The page of route data collection, (b) the page of 

checking the current route, and (c) the current route map 

 

 

Table 1 shows the basic information about routes.  Details of 

each route are stored elsewhere.  An example of the Route #1 

details is given in Table 2, where the locations and times are 

collected periodically, e.g., every minute for walking and every 

10 seconds for driving. 

 

 

Table 2. An example of detail information of a route 
 

# 

(minute) 
Time r (meter) θ 

0 05/26/2010, 18:23:42 8326 236.20° 

1 05/26/2010, 18:24:42 8394 236.20° 

… … … … 

22 05/26/2010, 18:45:23 9397 236.22° 

 
 

Route Data Preparation and Route Pattern Discovery, 

Analysis, and Visualization 

The collected route data is usually raw because GPS data is 

usually not reliable and consistent and contains many noises 

[4]. The system also allows users to check the stored routes as 

in Figure 7.b.  Other than showing them the route information 

as in Tables II and II, users will also like to view the stored 

routes.  One of the routes is shown in the Figure 7.c.  

 

 

 

 

 

 

 

(a)  (b)  (c) 

 

Figure 7. (a) The system entry page, (b) the page of showing 

stored routes, and (c) an example of a stored route 

 

Route Anomaly Detection 

This research uses location information to detect route 

anomalies. An alert as in Figure 8.c is generated when an 

anomaly is found.  Otherwise, the smartphone just functions as 

usual.  The alert can be sent via an email or a phone call.  The 

interface in Figure 8.b is for checking routes including three 

radio buttons: 

 

 

 

 

 

 

 

(a)  (b)      (c) 

 
Figure 8. (a) The entry page of the application, (b) the page of 

route checking, and (c) an acknowledgment message after 

detecting a route anomaly 

 

 

 Start checking the route, which runs in background by 

using multi-threaded programming, so the smartphone 

can still function as usual. 

 End checking, which stops the current route checking.   

 Show the current checking, which is used to check the 

status of the current route checking.  For example, how 

closely will the current route trigger an alert or how many 

routes are matched so far?  Other than showing the data of 

the current route as in Table 2 by using the bottom button 

in Figure 9.b, the system also shows the current position 

in a possible route as in Figure 9.c by using the top button 

in Figure 9.b. 
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(a)  (b)  (c) 

 
Figure 9. (a) The page of route checking, (b) the page of 

showing current checking, and (c) the current position in a 

stored route 

 

 
The proposed methods are convenient and effective.  The 

execution is also efficient.  The times used for the time check 

and start & destination check are constant.  The times for the 

border check and route checks are O(n), where n is the number 

of user locations, because the checks are performed location by 

location and each location requires a constant time to do the 

matching.  The time for the procedure Linear_Approx is also 

O(n), where n is the number of locations in a route, because the 

algorithm straightens the route location by location.  Also, the 

procedure is only used during route collections, but not route 

checking, which happens more often. 

6.  CONCLUSION 

This research proposes location-based research, which uses 

location information to find route anomalies, a common 

problem of daily life.  For example, an alert should be generated 

when a school bus misses part of a route.  Different kinds of 

route anomalies are discussed and various methods for detecting 

the anomalies are proposed in this paper.  It is divided into five 

steps: (i) route data collection, (ii) route data preparation, (iii) 

route pattern discovery, (iv) route pattern analysis and 

visualization, and (v) route anomaly detection.  The major 

methods use a linear route representation and incrementally 

search locations, which finds matched routes as the search route 

is entered location by location.  It begins the searching as soon 

as the first location of the search route is entered.  Location-by-

location, one or more possible matches for the route are found 

and immediately presented.  An alert is generated when no 

matched routes exist.  Experimental results show the proposed 

methods are effective and easy-to-use.  Other than the linear 

route representation, the proposed incremental location search 

is based on string matching, which is simple but effective.  A 

search based on the following methods is worth consideration:  

 

 Finite automata: The collected routes are used to build a 

finite automaton, which is then used to check any route 

anomalies. 

 Matrix multiplication: Similar routes are found by matrix 

multiplications between the current route and the stored 

routes.   

 Neural networks: A route is a sequence of locations.  

Route matching is used to find any route anomalies and a 

modified Hopfield neural network can be designed to 

solve this problem.  

 Approximate string matching: Routes are stored as strings 

or sequences of locations.  Approximate string matching 

is then used to find any route anomalies. 
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Abstract— Guaranteed telecommunication service selected quality 

and defined area coverage are typical requirements of the ITS 

(Intelligent Transport Systems) applications.  Limited range of 

wireless data services with reasonable coverage is provided by public 

wireless services operators, and, mostly no guaranteed relevant range 

of service quality and security is available. ITS services require cost-

effectively solution which can be resolved based on combination of 

the “core” solution with the other public as well as private services 

where and when it is needed. Such approach requires implementation 

of the relevant flexible system architecture supported by the efficient 

decision processes. ITS specific service security requirements cannot 

be underestimated, so that tolerance range of security performance 

parameters must be guaranteed by service providers combined with 

specific security approached implemented on ITS service level. 

Special situation is identified in case of the C2I (Car to 

Infrastructure) and C2C (Car to Car) communication where vehicle 

on board unit is interconnected with the vehicle CAN (Controlled 

Area Network) based network, as well as with other networks via 

wireless service. Such configurations significantly increase potential 

of dangerous intruders´ attacks. That is also the main reason why 

relevant telecommunications security support is understood as one of 

the crucial part of the ITS telecommunications solution. This topic 

must be studied and impact of telecommunications solution 

parameters on the ITS service must be quantified.  

Keywords—Intelligent Transport System, Telematics, system 

performance, moving object identification, data security. 

1. INTRODUCTION 

Presented results are related to projects e-Ident1, DOTEK2 and 

SRATVU3 which are elaborating results of project CAMNA4.    

ITS system can be described as a final automaton defined by 

mapping the system inputs with respect to the internal state plus 

mapping the inputs and internal state with respect to the system 

outputs. System can be split in several subsystems. A subsystem must 

be describable through an identical methodology like a system; in its 

substance the subsystem is a system to be described at a more 

detailed distinguishing level. 

 An identification process reflects the chained events within a 

system. An event may mean a change of a system state brought about 

either by an initiation on inputs (transfer of input values), initiation of 

the internal system state or the “only” in the course of the time. A set 

of all activated processes at possible environmental conditions 

defines the system behavior. 

 
1e-Ident – Electronic identification systems within transport process – 

grant 2A-2TP1/108.of  Ministry of Industry and Trade of the Czech Republic 

(MPO),   
2DOTEK – Communication module for transport telematic applications –

grant 2A-2TP1/105 of MPO, 
3SRATVU – “System Requirements and Architecture of the universal 

Telematic Vehicle Unit” is grant 2A-1TP1/138 of MPO, 
4CAMNA - "Joining of the Czech Republic into Galileo project" grant 

802/210/112  of Ministry of Transport of the Czech Republic. 

ITS solutions have been associated with serious expectations and 

getting ITS applications in the real practice is understood as the 

essential potential to significantly faster resolve many transport 

challenges. The main afford of the ITS research is to prepare actual 

conditions to integrate ITS architectures in the real practice with aim 

to support different transport optimization tasks.  

This paper is concentrated on the communications issues of the 

ITS architectures, and, the same principles adopted in the ITS 

applications are applied in the communication solution design. Such 

decomposition simplifies both analysis as well as synthesis of the 

systems including security parameters being accepted as the critical 

ones. 

2. TELEMATIC SUB-SYSTEM REQUIREMENTS 

The methodology for the definition and measurement of following 

individual system parameters has been developed in frame of the ITS 

architecture and it is described in [1] - [5]. Individual system 

parameters – performance indicators - were accepted and de facto 

standardized in frame of the ITS architecture to enable to simply 

compare different subsystems parameters and their behavior to enable 

efficient and secure synthesis of the whole system:  

 Reliability - the ability to perform required function under 

given conditions for a given time interval.  

 Availability - the ability to perform required function at the 

initialization of the intended operation.  

 Integrity - the ability to provide timely and valid alerts to the 

user when a system must not be used for the intended 

operation.  

 Continuity - the ability to perform required function without 

non-scheduled interruption during the intended operation.  

 Accuracy - the degree of conformance between a platform’s 

true parameter and its estimated value, etc.  

 Safety - risk analysis, risk classification, risk tolerability matrix, 

etc.  

Decomposition of system parameters enables application of the 

follow-up analysis of the telematic chains in accordance to the 

various criteria (optimization of the information transfer between a 

mobile unit and processing center, maximum use of the existing 

information and telecommunication infrastructure, etc.). It is obvious 

that quantification of the requirements on the relevant 

telecommunication solutions within telematic chains plays one of key 

roles in this process. 

Mobility of the communication solution represents one of the 

crucial system properties namely in context of specific demand on 

availability as well as security of the solution. 

Following communications performance indicators quantify 

communications service quality (see e.g. [6]): 

 Availability – (Service Activation Time, Mean Time to Restore 

(MTTR), Mean Time Between Failure (MTBF) and VC 

availability), 

Service Quality Management in the ITS Telecommunications 

Systems  
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 Delay is an accumulative parameter and it is effected by either 

interfaces rates, frame size or load/congestion of all in line 

active nodes (switches), 

 Packet/Frames Loss (as a tool which not direct mean network 

failure), 

 Security. 

Performance indicators applied for such communications 

applications must be transformable into telematic performance 

indicators structure and vice versa. Indicators transformability 

simplifies system synthesis. Additive impact of the 

telecommunications performance indicators vector ;tci  on the 

vector of telematics performance indicators tmi  can be expressed 

as tciTMtmi  , where TM represents transformation matrix. It 

is valid, however, only under condition that probability levels of all 

studied phenomena are on the same level and all performance 

indicators are expressed exclusively by parameters with the same 

physical dimension – typically in time or in time convertible variable 

(see e.g. [7]). Transformation matrix construction is dependent on the 

detailed communication solution and its integration into telematic 

system. Probability of each phenomena appearance in context of 

other processes is not deeply evaluated in the introductory period, 

when specific structure of transformation matrix is identified. In [8] 

are presented details of proposed iterative method. 

3. COMMUNICATIONS SOLUTION 

One preferred core access wireless technology would be accepted 

(if possible) as the core solution to be combined with alternative 

solutions when and where it is needed. The core solution would meet 

dominant service quality and coverage requirements being corrected 

in case such parameters do not meet requirements under specific 

conditions. Table 1 describes typical behavior of private/public 

telecommunications solutions 

 
Tab. 1 Public vs. private services parameters 

 

 Private Public 

Service quality 

management 

SLA 

Typically  Available Low (if any) 

Signal coverage Cost dependent -Typically 

low (-er), 

High 

Pricing/cost High (-er) Low (-er) 

 

If we evaluate realistically telecommunications data services 

market there are only few technology streams available for the ITS 

demanding applications. Each of these alternatives was studied in 

detail by authors in specialized laboratories.  

 

A. Mobile data services - GSM– GPRS , EDGE and UMTS  

Fig. 1 and 2 present GPRS and EDGE service in area close to their 

critical level of the signal to noise ratio (C/I). In this critical 

conditions (S/N) service delay represented by Round Trip Delay 

(RTD) rapidly grows and significant Packet Loss Ratio (PLR) 

dependence on the C/I value (light grey) can be identify, as well. 

Displayed C/I critical conditions (S/N) represent service status when 

replacement by the alternative technology must be processed, of 

course only in case such situation is not resolvable by tools of 

applied solution. 

  
Figure 1. PLR and RTD - GPRS technology 

GPRS technologies are applicable for “less demanding” 

applications where long delays (RTD) being in average 1000 ms is 

not critical for served application. It must be combined with 

alternative technology on a CALM principles as described below. 

EDGE service due to its technical solution improvement (if compared 

with GPRS) could appear in a slightly more demanding telematic 

solutions, however, service provider would be forced (practically 

impossible) to guarantee appropriate priority of service provisioning. 

Anyhow, RTD would not be required to be better than approximately 

700ms. 

 

 
Figure 2 . PLR and RTD - EDGE technology 

Figure 3 present parameters of the UMTS basic service. UMTS 

RTD is reaching approximately 200ms allowing extend number of 

applications. However, there are not many countries in Europe where 

UMTS is served in the rural areas, and, mostly UMTS providers 

afford is concentrated on the Urban areas, i.e. areas where also other 

alternative solutions for the ITS services can be easily available. 

 

Figure 3 . PLR and RTD - UMTS technology 
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B. WiFi – IEEE 802.11 

Basic „a“, „b“ and „g“ amendments with CDMA/CA collision 

protocol and public spectra applied have not got delicious reputation 

and technology oriented application were not expectable. Basic 

dynamical system parameter with CDMA/CA collision protocol 

being eliminated are quite reasonable “– see Figure 4. 

 

 
Figure 4. Latency in wiFi system 

 New Amendments extend existing system parameters in the 

extensive way. Amendment “e” supports TDM (Time Division 

Multiplex) based Quality of Service (QoS), management, 

Amendment “r” defines handover processes (the first generation) in 

the cellular architecture and Amendment “p” is dedicated specifically 

for the ITS C2C and C2I applications. Basic dynamical WiFi 

parameters supported by listed Amendments have got ability to 

support demanding technological applications like ETC (Electronic 

Toll Collection) or e-safery. IEEE 802.11p has been e.g. incorporated 

in the IEEE 1609 standard – applied for C2C and C2I applications.   

C. WiMax – IEEE 802.16 
 

Technology based on IEEE 802.16d/e standards known as (Mobile) 

WiMax represents robust alternative to WiFi. Figure 5 and 6 preset 

RTD spectra for two completely different radio configuration 

described by SNR values and radio visibility (see LOS). Its 

remarkable adoptability is evident from these results. 

 

 
Figure 5. RTD spectra of LOS - SNR =+33db - WiMax 

Just coming “beyond 3rd” mobile service technology LTE adopted 

substantial part of the WiMax like principles. Designers goal was to 

introduce robust technology dedicated for the mass 

telecommunications services provisioning with even improved 

selection of parameters. RTD, PLR as well as other important 

parameters represent product which will be able to resolve significant 

part of in these days unsolvable ITS services. 
 

 
Figure 6. WiMax  RTD spectra of NLOS - SNR=-27db  

4. CALM - SECOND GENERATION HANDOVER PRINCIPLES 

Principles of procedures supporting selection of the best possible 

communications solution quantified both by performance indicators 

and some other parameters e.g. like service cost, company policy as 

well. ISO TC204, WG16.1 “Communications Air interface for Long 

and Medium range” (CALM) group presented their complex 

approach to resolve described procedures – see. [11] - [13]. A basic 

tool – the second generation of the handover principles are defined 

by CALM standards. Complexity of the ISO approach offers solution 

with transparent RM OSI compatible architecture, however, such 

approach also represents highly demanding implementation phase 

requiring most probably some additional years to introduce on the 

market products with reasonable pricing. 

The IEEE 802.21 presents handover in heterogeneous networks 

standard known as Media-Independent Handovers (MIH) – see [14]. 

The standard is designed to enable mobile users to use full advantage 

of overlapping and diverse of access networks. IEEE 802.21-2008 

provides properties that meet the requirements of effective 

heterogeneous handovers. It allows transparent service continuity 

during handovers by specifying mechanisms to gather and distribute 

information from various link types. The collected information 

comprises timely and consistent notifications about changes in link 

conditions and available access networks. Scope of IEEE 802.21-

2008 is restricted to access technology independent handovers and 

additional activities in this area are on the way. Handover decision 

and target assessment constitute a multiphase process where the 

assistance of IEEE 802.21 is essential. However, the actual handover 

execution is outside the scope of the IEEE 802.21 standard. 

Authors of this paper recently introduced easily implementable 

alternative solution applicable namely for compact solutions like On 

Boar Units (OBU) where all telecommunications technologies units 

are integrated into one compact system with smart decision adaptive 

processes process replacing commonly used PBM (see [15] – [17]). 

This alternative was adoptable in much shorter time horizon if 

compared with system based on complex ISO CALM approach or 

IEEE 802.21 standard. Authors´ research team goal has been to 

enable its solution for implementations in time period before 

solutions based on accepted CALM or 802.21 standards are 

commercially available in reasonable pricing. Authors adopted L3 

“intelligent” routing which allows fast implementation namely in 

compact units like vehicle OBUs. It is based exclusively on the SW 

package system integration with minimal or no additional 

requirements on HW specific support. Results of the research are step 

by step described in [18] - [32]. 
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5. DATA SECURITY 

Security performance indicator describes ability of the system to 

ensure that no material damage or loss of human life will occur in 

cases of any non-standard events like e.g. fake transaction. It means 

that system detects the forgery on a defined level of probability. 

    imi WWP ,
 

 (1) 

This equation describes that the absolute value of difference 

between desired risk situation Wi and real situations of risk Wm,i does 

not exceed   on the probability level  . 

There are many parameters which describe properties of the 

system which are derived from telematic performance indicators like  

 Continuity, 

 Integrity,  

 Security.  

On the other hand the identification can by described as through 

identification indicators such as:  

 Success of identification, 

 Accuracy of identification, 

 Unique identification, 

 Authenticity of the identification. 

Properties of the vehicle identification as a part of the telematic 

chain are influenced by:  

 Speed (reader vs. receiver), 

 Distance, 

 Data volume, 

 Weather conditions, 

 Communication medium (access network), 

 Method of securing the communication channel, 

 Transaction security method. 

“Car to Infrastructure” (C2I) and “Car to Car” (C2C) 

communication as well as vehicles on board data communication via 

Controlled Area Network (CAN) bus are areas with progressive 

growth of transferred data volumes. If private on board network 

solution is not connected to any communication cannel than such 

system can remain reasonably secure and no additional security 

treatment is typically needed and implemented. However, vehicle 

private data network security and integrity can be violated in a 

moment when this network is connected to any other device or 

network. It is absolutely necessary to take in account that most of 

vehicles with the CAN based network architecture are minimally 

equipped with interface for diagnostics purposes, nevertheless, above 

that interconnection of the CAN bus to the C2C or C2I 

communications structures becomes “trendy”. Data available on the 

CAN interface are applicable for remote wireless identification of the 

car or its parts identity or car elements functionality and history of 

each part status.  However, in such applications data security 

represents sensitive issue to be carefully studied and treated and e.g. 

basic authentication of two actors for mutual communication based 

on identifier like VIN code or OBU-ID, however, is not acceptable as 

sufficient tool and extended approach is strongly required.  

Second security aspect which follows authentication is data 

privacy and actors authorization to provide relevant data. Authors´ 

approach is based on selective data transmission according to the 

actor role/category. Proposed security approach is based on two steps 

– reliable and secure authentication and the only relevant to actor’s 

rights data exchange (data which can be provide to the actor). These 

tools must be combined with other available security tools. 

The third aspect of security is to use the approach to prevent the 

legalization of stolen cars, which are dismantled after the theft to the 

individual parts as well as parts from stolen vehicles. VIN code and 

the other identifiers can be included in the new vehicle documents, 

however, by implementation  of the electronic authentication of key 

parts of each vehicles via CAN bus by in vehicle integrated OBU 

such crime activities can be substantially limited. 

A. Unique identifier 

Presented approach is based on usage of Universal Identifier of 

Vehicle (UIV) is generated as set of all important partial vehicle 

identifiers where each of them describes non-changeable part of the 

car detailed identification.  

Choice of important identifiers and characteristics of the vehicle must 

be based on an analysis of the vehicle as a system, which is a 

purposefully defined as a set of parts or elements and set of links of 

certain attributes which determine the characteristics, behavior and 

function of the system as a whole. The vehicle as a system 

decomposition is performed in order to find basic elements of the 

vehicle and links between them. 

Based on vehicle decomposition there are examples of partial 

identifiers and vehicle properties which describes vehicle as a whole: 

 VIN (Vehicle Identification Number), 

 No. of axles, 

 Emission class, 

 Vehicle weight, 

 Year of its manufacture, 

 Optional list of key identifiers and characteristics of the vehicle 

like:  

 Chassis Ident. No. 

 Engine type and Ident. Number, No.,  

 Transmission type and Ident. No., 

 Front axes and suspension, 

 Rear axle/-s and suspension, 

 Wheels and tires. 

The UIV represents set of partial identifiers extended by unique 

non-public part generated from agreed data by standard cryptography 

algorithm (e.g. AES or SHA-2) to prevent possibility of UIV 

algorithm identification in case set of identifiers is for any reason 

known to the hacker. Check part at the end of identifier is connected 

for fast check of identifier validity (like validity check of credit card 

number). The example of UIV is on the Fig. 8. 

 

 
Fig. 8 Example of unique identifier 

 

It is not necessary to take care of UIV uniqueness because this 

functionality is ensured by unique VIN code. Advantage of such 

approach is in fact that complex information about vehicle integrated 

in the UIV can be used for different telematic applications. Threat of 

sensitive data abuse is prevented by the data selection availability to 

the user in dependence on the service class assignment to each one. 

System allows to use the only that parts of identifier which is 

dedicated to identified service class – like emergency, public and 

commercial services. 
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B. Communication and secure identification 

As we described above due to high sensitivity on data privacy 

exchanged between vehicle and service infrastructure UID must be 

reasonably protected against potential hackers´ attacks. Three 

categories of telematic system security in ITS are provided: 

 Identifier and data security in vehicle (vehicle environment), 

 Identifier and data security for data transmission (wireless 

environment), 

 Identifier and data security in receiver part (server area). 

In this paper the only intermediate part - wireless environment - 

will be discussed. 

The communication channel can be secured e.g. by application of 

a VPN (Virtual Private Network) or a cryptographic SSL (Secure 

Sockets Layer). If the attack is successful than misuse transferred 

data can be misused by hacker. Proposed approach to the data 

security yields lies in the dynamical component extension (time and 

position dependency) and symmetric or asymmetric encryption, 

which is chosen depending on the application. 

For Point to Point (P2P) communication symmetric encryption can 

be effectively applied. In such case e.g. the Diffie-Hellman (D-H) key 

exchange or any other newer algorithms based on the D-H principles 

can be used, i.e. a cryptographic protocol that allows to establish the 

encrypted connection over an unsecured channel between two 

communicating parties, without the first explicit agreement of both 

parties on the encryption key. Result of this process allows 

generation of the unique symmetric encryption key which can then be 

used to encrypt further mutual communication. The key advantage of 

such approach lies in the fact that such symmetric encryption  key 

cannot be identified based on the exclusively “listening”. All keys are 

constructed by participants case by case and communication is never 

processed in an open form. 

The main disadvantage of this protocol is an attack via “man in the 

middle”. Solution on described principles cannot be applied without 

combination with other methods whenever the attacker can actively 

interfere with communication channels. 

In case of Point to Multipoint (P2M) communications namely if 

large number of active terminals are served, asymmetric cryptography 

can be efficiently used, as well.  

In this solution the identifier is concatenated by actual time, 

current GNSS coordinates (i.e. exclusively in direction from by 

GNSS equipped vehicle to infrastructure) and finally by the user ID. 

Identifier is than encrypted by either asymmetric or symmetric 

cryptographic algorithm. Encryption of the UIV is described as 

follows: 

M1 = EK (UIV II Ti II Pi), (2) 

where UIV means Universal Identifier of the Vehicle, EK - 

asymmetric encryption with public key K, Ti - clock state in time of 

message generation, Pi - position in time of message generation, UIV 

II Ti II Pi - identifier with link to current time and position 

After receiving the request by the central system, the message M1 

is decrypted and UIV is read in „static form“ - received time Ti and Pi 

are checked for validity. 

It means, that the message is not older than n seconds and the 

message has been sent from area with maximum of m meters 

tolerated difference. Data message with identifier in dynamic format 

is not impacted by this process and this approach doesn’t influence 

usage of the other security tools. 

The goal of this approach is to highly secure data against attacks 

mainly like eavesdropping and usage of the data for forgery. 

Identifier extended by the transaction time and location in a 

dynamic form is usable for transaction validation. It is possible to 

apply this information also in the other telematics applications like 

traffic management. 

 

C. Service categories 

Proposed approach covers categorization of the telematic services. 

Each category has defined set of data allowed to user application. 

Because the unique identifier includes complex information about the 

vehicle there must be special tool implemented on both sides (sender 

and receiver) which process incoming identifier and transfers and 

publish the only relevant data to user. Such component can also 

cover “dynamisation” of the message content as it was already 

described above. 

Three service categories may be for example defined: 

 Security services – e.g. emergency, fire dept., police, 

 Public services (public authorities) – e.g. customs, 

 Commercial services. 

 Set of available data is identified by the unique identifier. Vehicle 

unit processes the request and provides defined selection of ITS data 

dedicated to the service category of the customer.  

6. CONCLUSION 

Due to complexity of the ITS services mostly mobile services wide 

area coverage and selectable classes of services are required. Authors 

focused afford on the wireless access solution designed as a seamless 

combination of more independent access solutions of the same or 

alternative technologies. Basic analysis of available technologies 

applicable for ITS is presented. 

Quickly and easily implementable alternative solution to the 

complex ones based either on family of ISO standards known as 

either CALM or IEEE 802.21 supporting family of standards IEEE 

802 and 3G mobile services is presented. Authors adopted software 

based L3 routing which is relatively easy to be implemented in most 

of off-shelf OBUs based on available sets of market available 

microchips. 

C2C and C2I communication as well as vehicles on board data 

communication via Controlled Area Network bus are areas with 

progressively growing transfer of data volumes. If private on board 

CAN based network solution is not connected to any communication 

cannel than it can be understood as a reasonably secure situation and 

no additional security treatment is typically needed to be designed 

and implemented. Vehicle private data network security and integrity 

can be violated when internal private vehicle network is 

interconnected with other device or any other network. CAN and 

OBU interconnect volumes growth is caused by availability of 

representative data available on private vehicle networks applicable 

for vehicle and its parts identity identification as well as for 

monitoring of the key parts of the system. Data security in such 

applications represents sensitive issue to be carefully treated. 

Reliable and secure identification of both partners for remote 

communication represents between others one of important security 

tools to prevent unauthorized data exchange. It must be, however, 

combined with the other security tools. Authentication of two actors 

for mutual communication based on identifier like VIN code or 

OBU-ID is not possible to accept as a sufficient tool. Identification 

based on dynamical Unique Vehicle Identifier UIV is presented as 

the relevant solution principally improving system security integrity. 

Another security aspect which follows authentication is data 
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privacy and actors authorization. Authors´ approach is based on 

selective data transmission and delivery in accordance to the actor 

role/category. These principles described in this paper are combined 

with other available security tools like discussed asymmetric data 

encryption. Such carefully selected combination leads to the solution 

with relevant guarantee level of required system security. 

REFERENCES   

[1] M. Svitek, Architecture of ITS Systems and Services in the Czech 

Republic, International Conference Smart Moving 2005, 

Birmingham 2005, England. 

[2] M. Svitek, Intelligent Transport Systems - Architecture, Design 

methodology and Practical Implementation, Key-note lesson, 5th 

WSEAS/IASME Int. Conf. on Systems Theory and Scientific 

Computation, Malta 2005. 

[3]  M. Svitek,, T. Zelinka, Communications Tools for Intelligent 

Transport Systems, Proceedings od 10th WSEAS International 

Conference on Communications, pp 519 – 522, Athens 2006, ISSN 

1790-5117, ISBN 960-8457-47-5. 

[4]  M. Svitek,, T. Zelinka, T., Communications Solutions for ITS 

Telematic Subsystems, WSEAS Transactions on Business and 

Economics, Issue 4 (2006), Vol. 3, pp 361 – 367, Athens 2006, 

ISSN 1109-9526, 

[5]  M. Svitek,, T. Zelinka, Telecommunications solutions for ITS. 

Towards Common Engineering &Technology for Land, Maritime, 

air and Space Transportation – ITCT 2006, CNISF, Paris 2006. 

[6]  M. Svítek,, T. Zelinka, Communication solution for GPS based 

airport service vehicles navigation, EATIS’97 ACM-DL 

Proceedings, Faro (Portugal) 2007, ISBN #978-1-59593-598-4. 

[7] T. Zelinka, M. Svitek, Communication solution for Vehicles 

Navigation on the Airport territory, Proceedings of the 2007 IEEE 

Intelligent Vehicle Symposium, Istanbul, Turkey, pp 528–534, 

IEEE Catalogue number 07TH8947, ISBN 1-4244-1068-1. 

[8] M. Svitek, T. Zelinka, Communications Environment for Telematic 

Subsystems, 11-th World Multi-Conference on Systemic, 

Cybernetics and Informatics, Volume II, pp 362-367, IIIS/IFSR, 

Orlando, FL, USA, ISBN-10: 1-934272-16-7, ISBN-13: 978-1-

934272-16-9 

[9] M. Svitek,, T. Zelinka, Communications Challenges of the Airport 

Over-ground Traffic Management, 11th WSEAS International 

Multi-conference CSCC, Volume – Advances in Communications, 

pp. 228 – 234, Agion Nikolaos, Crete Island, Greece, ISSN 1790-

5117, ISBN 978-969-8457-91-1. 

[10] T. Zelinka, M. Svitek, Communications Scheme for Airport 

Service Vehicles Navigation, Proceedings of International 

Conference TRANSTEC Prague, CTU FTS and University of CA, 

St. Barbara, Praha 2007, pp. 160 – 166, ISBN 978-80-01-03782-9 

[11] B. Williams, CALM handbook V1.0. Document ISO TC204 

WG.16.1 CALM, 2004. 

[12] N. Wall, CALM - why ITS needs it, ITSS 6 (September), 2006 

[13] T. Zelinka, M. Svitek, CALM - Telecommunication Environment 

for Transport Telematics, Technology & Prosperity, 2006, Vol. XI, 

special edition (11/06), ISSN 1213-7162. 

[14] IEEE Std 802.21-2008, IEEE Standard for Local and Metropolitan 

Area Networks, IEEE, January 2009 

[15] K. Yang, J. Wittgreffe, M. Azmoodeh: Policy-Based Model-Driven 

Creation of Adaptive Services in Wireless Environments. IEEE 

Vehicular technology Magazine, September 2007, pp. 14-20. 

[16] M. Svitek, Dynamical Systems with Reduced Dimensionality, 

Neural Network World edition, II ASCR and CTU FTS, Praha 

2006, ISBN:80-903298-6-1, EAN: 978-80-903298-6-7. 

[17] A. Dempster, N. Laird, D. Rubin, Maximum likelihood from 

incomplete data via EM algorithm. J. Royal Stat. Soc. 39, 1977, pp 

1-38. 

[18] T. Zelinka, M. Svitek, Communication Scheme of Airport Over-

ground Traffic Navigation System. International Symposium on 

Communications and Information Technologies - ISCIT 2007. 

IEEE Sydney, 2007, pp 329 - 334. IEEE Cat. No. 07EX1682(C), 

ISBN 1-4244-977-2, Library of Congress 2007920360. 

[19]  M. Svitek,, T. Zelinka, Monitoring of Transport Means on Airport 

Surface. Advances in Transport Systems Telematics, Monograph 

edited by Jerzy Mikulski, Selesian University of Technology, 

Katowice, pp. 285 – 292, ISBN 978-83-917156-6-6. 

[20]  T. Zelinka, M. Svitek, Decision processes in telematic multi-path 

communications access systems. International Journal of 

Communications, North Atlantic University Network NOUN, Issue 

2, Volume 1, 2007, pp.11 – 16. 

[21]  M. Svitek,, T. Zelinka, Communications multi-path access decision 

scheme. Neural Network World, ICS AS CR and CTU, FTS, 

Praha, No. 6., 2008, pp 3 - 14, 2008, ISSN 1210 0552, 

[22]  M. Svitek,, T. Zelinka, Decision processes in Communications 

Multi-path Access Systems applied within ITS. Transactions on 

Transport Science, MTCR, Praha, No. 1, 2008, pp 3-12 , ISSN 

1802-971X, 

[23]  T. Zelinka, M. Svitek, Identification of Communication Solution 

designated for Transport Telematic Applications. WSEAS 

Transactions on Communications, Issue 2, Volume 7, Athens, 

2008, pp 114 – 122, ISSN: 1109-2742. 

[24]  T. Zelinka, M. Svitek, Multi-path communications access decision 

scheme. Proceedings of the 12-th World Multi-Conference on 

Systemics, Cybernetics and Informatics, Volume III, pp 3233-237, 

IIIS/IFSR, Orlando, FL, USA, ISBN-10: 1-934272-32-7, ISBN-13: 

978-1-934272-33-6. 

[25]  T. Zelinka, M. Svitek,: Adaptive communications solutions in 

complex transport telematics systems. Proceedings of the 11th 

WSEAS International Multiconference CSCC 2008, Volume – 

New Aspects of Communication, pp. 206 – 212, Heraklion, 

Greece, ISSN 1790-5117, ISBN 978-960-6766-84-8. 

[26]  T. Zelinka, M. Svitek, Adaptive communications solutions in 

complex transport telematics systems. Monograph on Computers 

and Simulation in Modern Science-Volume II, WSEAS Press, 

Athens 2009, pp. 234 -241, ISBN 978-960-474-032-1. 

[27]  T. Zelinka, M. Svitek, Adaptive Wireless Access Environment in 

Transport Solutions. 13-th World Multi-Conference on Systemics, 

Cybernetics and Informatics, Volume IV, pp 310 - 315, IIIS/IFSR, 

2009, Orlando, FL, ISBN 978-1-934272-62-6. 

[28]  T. Zelinka, M. Svitek, M. Vosatka, Adaptive Approach to 

Management of the Multi-path Wirelesss Solutions. Recent 

Advance in Data Network, Communications, Computers, WSEAS 

Press, Morgan State University, Baltimore, 2009, pp. 161 – 168, 

ISBN 978-960-474-134-2. 

[29]  T .Zelinka, M. Svitek, Z. Lokaj, Adaptive Decision Processes the 

Multi-path Wireless Access Solutions Implementable on the IP 

Routing layer. EATIS’10 Proceedings, Panama City (Panama), 

2010, ISBN 978-958-44-7280-9 

[31]  Zelinka, T., Svitek, M., Srotyr, M., Vosatka, M.: Adaptive Multi-

path Telecommunications Solutions for ITS, Journal of Systemics, 

Cybernetics and Informatics Volume 9, No. 1, pp. 14 – 20, 

Orlando, 2011, ISSN: 1690-4524. 

[32]  Zelinka, T., Lokaj, Z.:   Data security in transportation solutions,  

Proceedings of the 15-th World Multi-Conference on Systemics, 

Cybernetics and Informatics, pp 160 - 165, IIIS/IFSR, Orlando, FL, 

USA, ISBN 978-1-936338-29-0. 

 

256

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



Global Orders and Intellectual Deployment Challenges

Rinaldo C. MICHELINI

DIME, University of Genova, Via Opera Pia 15/A

Genova, 16145, Italy

and

Roberto P. RAZZOLI

DIME, University of Genova, Via Opera Pia 15/A

Genova, 16145, Italy

ABSTRACT

The civilisation is bewildering accomplishment, rooted in

voluntary measures that men conceive and apply to the

surrounds, aiming at improving their life-quality. The paper

gives an overview of how the artificial mind worlds coherently

prefigure such (actually ascertained) happening, with,

nevertheless, emerging construal ambiguities. The devised

pictures are background of increased concern about the man

civilisation continuation. The sustainability of the growth is

impeding threat, produced by the ecology globalization, viz., the

vibrant alarm on bio-sphere (today mistrusted) reliability. In

truth, several reasons exist for fear about future growth,

especially, when considering the advanced countries, too much

used into undiscerning faith about financial instruments. The

ecology comes to be sharp intruder in the economy globalisation

prospects, worsening the already actually serious events. The

analysis, without hiding the critical character of the challenge, is

somehow comforting. The progress, if organised on merely a

posteriori rationales, will persist, on condition of ground-

breaking discoveries of the man intelligence. The ‹cognitive

revolution› is a devised up-turn, offsetting the current

industrialism over-pollution and over-consumption, by means of

the ‹to de-materialise› and the ‹to re-materialise› routines of the

robot age technologies.

Keywords: Human Civilisation, Sustainable Growth,

Knowledge Society, Ecology Globalisation, Collective Orders.

1. INTRODUCTION

The human civilisation is difficult to manoeuvre

accomplishment, bringing forth prosperity and efficiency by

intentional modification of the original natural order of the

wilderness. A conventional recognition of the changes moves

through ‹culture› formation, i.e., the man capacity of creating

processing know-how, to transform the surrounding resources

and to offer value-added provisions and amenities. We may

quote the archaic ‹agricultural› revolution, taming savagery and

fostering domestication; and the modern ‹industrial› revolution,

fashioning energy and controlling manufacture. A (perhaps) less

conformist reading looks at ‹ethics› construal, i.e., the human

ability of creating relationships, to assess collective orders and

to define principled demeanour. We may quote the primeval

‹social› breakthrough, using the group selection, to arrange

sectional political cohesion and in-progress sovereign nation-

states, to classify the world over all the citizens [1, 2, 3, 4].

Indeed, ‹culture› and ‹ethics› are artificial inventions, not

included by the primordial background. They establish as new

oddities, which characterise the man ‹relational intelligence›.

We might accept that they are God’s gifts, so the civilisation

follows as attainment ruled from above. Remaining on a

posteriori facts, the oddness is rather entangled, and the related

accomplishments are hard to appraise, unless assuming creative

intellectual deployments, in-progress enabled by the humanity.

For now, the quality ‹artificial› means man planned his

intellectual wherewithal. Thereafter, the world progress is

appraised through the enjoyed life-quality, viz., the privileged

circumstances built by the men, yielding intentional prosperity

and authenticity, relative to the earth original dearth and

wilderness [5, 6, 7, 8].

The deliberate improvements exploit the additive knowledge

sharing, by communication and appraisal of the collective mind

worlds. The man distinguishes from the other living beings,

because of scholarly and empathic training. The affluence and

influence build on competence and productivity. The society

organises on a series of artificial constructions: business project,

indorsed corporation, lawful entrepreneurial cluster, etc., with

nation-state ruling, bureaucracy steering and legal institution

measures. The progress is not at all inborn; the government-

and-company competitive arrangements need to evolve,

incorporating up-dating from technology, administration,

economy, management, ecology, etc. sources, all planned

contrivances, purposely invented by the man intellectual ability

[09, 10, 11, 12].

In truth, the civilisation is combined issue of political

arrangements, establishing cohesion orders, and of economic

organisations, allowing fair affluence and influence balance.

The progress is artificial paradigm, brought forth by the

relational intelligence of the Homo Sapiens, an awkward talent,

which discriminates human frames from all other living-beings.

The paper intends analysing how the combined issue develops,

figuring out hypotheses for future deployments. The ecology,

pointing out the over-consumption and over-pollution practices

of the industrialism are impending warning, making growth

sustainability crucial theme of current citizens. The progress

continuance is bet, rooted in the past proficiency. Technology

innovation is crucial, for sure, but together with the other

257

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



peculiar issues of the ‹relational intelligence›.

The discussions carried out by the paper correctly look at the

fancy build-up of our planned constructions, conventionally

assessing on-the-go progress. The survey covers the tricky

cross-links of ‹collective orders› and acknowledged

‹rationality›, viz., respect and dependence assigned to mind

objects expressing culture and ethics. Subsequently, our

relationship with the external world is shortly tacked, because

we need some sort of certainty about the ‹real› consistency of

what is perceived, to trust in the planned improvements. In the

following, the substantiation moves to ‹intelligence› enabled

processes, with especial focus on political cohesion rules,

necessary foundation of the organised effectiveness. Last, the

conditional framework of the human progress continuance is

sketched, using an overview of existing economy globalisation

drawbacks, to enlighten the requirements imposed by the

impending ecology globalisation. The topics repeat known

facts, only, perhaps, assembled with unusual construal.

2. PROGRESS AND COLLECTIVE ORDERS.

The artificial character of the ‹progress› benefits are

conventional statement, because we might, as well, better

appreciate the natural wilderness. Thus, the judgement entails

the set of stimulated changes that support thriving life-quality

by speculative changeovers. The abstract makeup of mind

worlds proposes that intelligence is further discontinuity

occurring on earth after life. With the first break, the ‹natural

selection› promotes ‹the differential amplification of specific

features within a population of items, to enhance the fitness to

the surrounding stimuli›. The principle understands the agentive

character of the life phenomena, saying that the extant traits of

the living beings are adaptive: the ‹gene evolution› develops

along with the genome information modifications. The

physiology variations (such as immune worth) might exploit

‹clone growth›, fostering ‹somatic› fitness at the individual

range, by virome adjustments.

The second break establishes on neuronal deployment (fit for

intelligent behaviour); it generates the ‹mind categories›. All the

processes are ‹creative›, bringing forth extension of the fitness

features. The creation of the increased fitness (locally) opposes

to the entropy growth. The ‹life› structures establish ordered

living bodies, characterised by inborn ‹order imprint› (identified

by the DNA); the ‹gene evolution› leads to the species (with

inherited characters); the ‹physiology adaptation› carries out

somatic changes limited to the individual. Besides, the

‹knowledge development› ends in culture and ethics objects,

which are shared as collective heritage, implemented with

intentional ‹order imprint›. The discontinuity yields such

awkward ‹intelligence› institutions, as trade tenet regulation and

political cohesion organisation. No other animal conceived

money and administration [13, 14, 15, 16].

The intangible culture and ethics objects show the man centred

roles, along with the progress invention. We might list the

ownership and tenure institutes or the authority and

jurisdictional frames, to exemplify purposeful cognitive

innovation and authenticity prospects. For sure, the intellectual

activity has total freedom inventiveness. The knowledge society

easily emerges, once its rational effectiveness is stated, and the

sustainability demands (citizens’ imperatives and

manufacturers’ responsibility) shall follow, with the tied

changeovers in (robot age) technology upgrading and (global

village) political conversion. We are too much confident in the

logic of the primeval ‹social› breakthrough, perhaps, to suppose

that the astonishing ‹inventions›, such as the conceived

languages or the settled bureaucracy, are intrinsic chances.

Yet, the ‹intelligence› institutions are invasive preconditions of

the civilisation beginning and progression; markets and

governments are totally artificial compositions, settled because

of recognised ‹utility›. Their back-up moves through the

foundation of ‹authority›, endowed of accepted ‹authenticity›.

The ‹king by grace of God› or the ‹nation by race validity› do

not have clear-cut proofs. Once dropped transcendental and

immanent truthfulness, governments require a posteriori

legitimacy, with intended settlements among the involved

citizens. The deliberate ‹order imprint› is purposeful alteration,

get done by ‹group selection›, as the inner co-operation granted

synergic advantage. The planned ties tell apart fellow citizens

from alien individuals, giving rise to sovereign countries and

loyal nations. The artificial construction requests decisive resort

to lawful conduct: responsive governance and civic mindedness

[17, 8, 19, 20].

The western-style success of the modern ‹industrial› revolution

is greatly affected by the related ‹nation-state› organisation,

creating competition advantage at a governmental form range.

The results happen to be impressive, so that some scholars

theorised a gene motivation, giving rise to the social

Darwinism, not really proved by the genome project results.

Most likely, the ‹chosen people› tale just shows that especially

effective social organisations assure contest promotion.

Anyway, the political cohesion effectiveness turns out as a

changeful prospect, with striking effects, according to subtle

‹modernisation› hypotheses, which state that consensus is

directly tied to education and income (by cause-effect

relationship or by correlation estimates).

3. MANAGING THE TANGIBLES

The progress continuance requires consistency of the wealth

creation process, viz., steady regularity of the surroundings,

from where withdrawing the indispensable resources. The

proposition might appear obvious, and it is pleonastic, if we

believe in the science models and in the man ability to be actor

of his wellbeing. In reality, we may trust the consensus about

(timely accepted) ‹natural laws›, and we can check the effects of

their application. But: is scientists’ shared accord sufficient for

the ‹laws› (absolute) truth? The question is often by-passed, as

irrelevant. Moreover: do exist outer objects (as independent

items), or are they merely concepts, with attached ‹names›? In

biology, do ‹species› exist (with real diversity among the living

beings), or the classified variety is just theoretical construct? In

social sciences, do collective assemblies (companies, mutual

groups, etc.) have autonomous rights/duties, or the only

individuals are responsible entities? The answers go beyond the

survey limited purposes, and we move further according to

plain ‹realism› [21, 22, 23, 24].

The ‹realists› believe that items exist, because they share the

‹real› property of the being; the ‹anti-realists› deem that the

concepts that distinguish objects are just mind categories,

assigned by the observers (with shared conventions, after

educated instruction). The realistic economists care for

corporate responsibility; the anti-realistic ones look only after
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the manager liability. The ‹semantic realism› is equally

complex: is the principled truth ‹universal›, or does it depend on

the shared conventions (recognised culture and accepted

ethics)? So, persons of unrelated culture/ethics shall follow their

righteous demeanour and cannot be blamed (punished) for that.

Can (or cannot) have juridical self-consistency, concepts, such

as: multinational corporation, social class, etc.? The plain

‹realism› simplifies the frames, itemising the ‹reality›, if useful.

On those assumptions, the ‹agricultural/industrial› revolution

transformations differ on the tied entropy, due to the animate or

inanimate main tracks. As already noticed, industrial revolution

permits man-made creation of prosperity, by ‹artificial energy›.

The conformist source resorts to the earth fossil stocks (and,

lately, fissile ones) piled up during the past eras. From these

stocks, controlled thermal energy is obtained, and (partially)

transformed into (mechanical and) electrical energy; the process

downgrades the original stocks into waste/pollution and

(directly/indirectly) raises the world temperature.

Accordingly, the ‹artificial energy› option progresses, with the

burning-up of ‹non-renewable› resources, since the production

of the looked-for prosperity implies over-consumption and

over-pollution, compared with the earth native recovery

prospects. The ‹renewable› resource limitation means looking at

‹artificial energy› only, obtained by alternative sources: sun

radiation, wind/river streams, etc., already enabled at the earth

surface. The conversion to alternative source options, brings to

drastic drop of ‹artificial energy› availability, at the present state

of the art. The sustainable growth requires a novel revolution.

The ground-breaking innovations, with plain ‹realism›, suitably

shall consider [25, 26, 27, 28]:

computer tools, to help monitoring, checking and

appraising the on-the-go resource handling;

bio-mimicry tools, to diversify and expand applicable life-

based paths, with controlled outcomes.

The ‹realism› aims at inventing artificial agricultural-like

procedures, appropriately expanding the biological world in

emulation of the primeval farmers, in keeping with industry-like

effectiveness, correctly combining artificial energy

management. The innovation practicality is technology

challenge, rooted in how ‹true› the ‹natural laws› are, how

‹trustful› the human observers are, and how ‹reliably› the

human actors operate. In most current readings, plain ‹realism›

enjoy the consistency, delivered by the in-progress civilisation

trends. The subsequent section provides additional hints on the

mental guesses. The previous section has already pointed out

that the eco-sustainability needs to be enabled at the global

village range. The deployment of suited culture-and-ethics

instruments goes beyond mere technological innovation. Thus, a

further section follows, to shortly review the human adventure

‹exceptionality›.

4. MANAGING THE INTANGIBLES

In out models, usual severance distinguishes the inanimate,

from the animate worlds. The latter is ruled by ‹evolutionism›,

steered by ‹natural selection›. Along that line, an empirical

evidence shows the ‹mind›, in union with the ‹rational

knowledge›; the process is (symbolically) described as memetic

evolution. If we can be dubious about the ‹real› existence of the

material world, the entire ‹mind› complex certainly reduces to

concepts, with attached ‹names›. We need, nevertheless, to

establish general statements, endowed with acknowledged

consent, to make possible a common understanding.

Unfortunately, a self-reliant reading is today lacking. Some

clues might be devised, putting together ‹mind› and

‹conscience›, and trying to figure out where the ‹rationality›

develops [28, 30, 31, 32].

Where from does ‹conscience› start? The unconscious

aggregation of flexible cortical maps might be first step of brain

towards to mind, diffused over the whole neuronal nets. The

cluster of extraneous (compared with the brain hardware) facts

and events assembles what is perceived. As second step, it

switches on the brain mechanisms of making out the ‹qualia›:

feeling of pleasure, of pain, of fulfilment, of disappointment,

etc.). This is neuronal process, which becomes apparent, third

step, when the views add, recognising the self; then, fourth step,

the mind establishes, as in progress cognizant sequence of

statuses, ending, last step, in the self-conscience. If the

individuals communicate and compare their ‹qualia›, with other

people, the ‹conscience› establishes shared ‹knowledge›, and

the individuals are ready to look to culture and to ethics, i.e., too

bring forth (man relational) intelligence [33, 34, 35, 36].

The sketched sequence is rough account: it does not explain the

human oddness. It is known that our DNA (viz. brain) does not

differ too much, from the one of living beings, which never

invented spoken/written languages. Indeed, the odd man

‹intelligence› describes with a set of features:

the ability to obtain, assemble and categorize the images

(inner model) of the world;

the ability to select and order relationships, choosing and

fixing accepted laws;

the ability to devise progression forecasts, by simulation

with the inner model;

the ability to decide suited discernment patterns,

consistent with models and laws;

the ability to acknowledge the learning progress,

exploiting conscious introspection;

the ability to check-out theories, through the co-operative

recognition of scientists.

The set of mind features (inner model, accepted laws,

simulation, discernment patterns, introspection, co-operative

recognition) is hard to conceive on merely ‹bubble-up›

sequences, decomposing complex layouts into mute randomness

steps; the upshots cumulate, until when preferential strings start

repeating; these become ‹first choice›, and the ‹replication›

turns out as standard routine (if outer setting does not change).

The above features, on the contrary, figure-out ‹trickle-down›

schemes, whether self-consistent plans allow organising the

build-up of knowledge and the cataloguing of behaviours. The

entropy principle opposes to the change of randomness into

standard routines. Relatedly, ‹intelligence› generates operation

sequences, because of their (invented) consistency. The ‹trickle-

down› standards shape reasoning as if a design project is

steering the thinking. The ‹intelligence› oddness is mostly

contained in that mismatch: we cannot predict results, but we

organise our actions, as stated by pretended rational scopes.
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The incongruity does not apply to the central processor (of a

computer): it does not know mathematics and executes

algorithms, without understanding them, but a programmer and

an operation system exist, steering the design project.

The mysteriousness of the mind is documented by the invention

of languages. The happening connects with the archaic ‹social

breakthrough›, to supply messaging means within the groups, to

organise cohesion and guard. Most animals communicate by

sounds, but, so far, no ‹bubble-up› way endowed them with

speech. In truth, the articulation of noises into words is

decipherable if it follows a syntax. The ‹syntax› is ordering

prerogative of all human idioms, exploiting conventional

patterns, ruled by ‹trickle-down› way. The coding is puzzling

outcome; the ‹Babel tower› tale shows that intelligible messages

need vigilant lucidity. Besides, several orderings have been

invented: the Indo-European syntax: subject-verb-complements,

has different structure in the Chinese idioms (also the speech

timber/tune modulation follows unlike forms). All variants are,

of course, consistent with the man anatomy (and brain

hardware), and the each other understanding is welcomed, after

decoded the established guides.

The ‹relational intelligence› oddness begins yielding stagy

changes with the archaic ‹social breakthrough›, through resort

to ‹collective order› synergies. The effectiveness is reached by

crafty setting: co-operation among fellow citizens; rivalry

against foreign assemblies. The trend goes on, until ‹nation-

state› formation and split-sovereignty issues. Successful

competition could lead to deceptive upshots, if the society

enslaves man to vanity, believing to be all-powerful, as if the

achievements are total merit of the country superiority. Upright

outcomes follow, if the society teaches the citizen to be

rational. The latter tuition starts from the man’s capacity for

‹empathy›: his ability to feel what another feels. The rationality

goes together with the appreciation of the ‹utility› at the

individual and at the communal ranges [37, 38, 39, 40].

5. THE ALTRUISM PASSAGE

The progress has been said to be critically tied to wellbeing that

can be enjoyed. The prosperity, however, is artificial

construction, carried over altering the natural surroundings. The

picture involves the exploitation of natural/human resources by

value-added transformations: the agricultural and industrial

revolutions are well known backing. It implicates, moreover,

the deployment of financial/technical resources, concurrently

employed, to make effective the value-added accomplishments.

For sure, the narrative is man-centred: no civilisation is

conceivable otherwise; still, we conventionally refer to four

assets: human, natural, financial and technical, to express the

fact that the improvements require balancing the four sources.

The statement is obvious, but often disregarded, with grim

drawbacks, when waning the natural capital by poisoning and

spoil, or when misconstruing the ‹modernisation› lines,

especially, by treacherous affluence-and-influence manipulation

[41, 42, 43, 44].

If advancements are man success, shortcomings are man failure.

For sure, extant outer conditions alter the headway; still, the

planning has responsible performers, which ought to attend as

recognised observers and reliable actors. The statement is

equivalent to say that changes to better are viable and that

operators need programming the business according to suited

rules. To sum-up, the given clues advise assuming:

the growth adventure of the human species, through

‹modernisation› steps;

the consistent availability of ‹natural capital›, to be

transformed in apt riches;

the wise resort to ‹human capital›, to help fostering fit

socio-political frames.

Our intellectual bias adds the ‹financial› and the ‹technical›

capitals, to offer rational evidence to the fancy man civilisation,

by ‹trickle-down› schemes. The technology innovation role has

clear-cut visibility: since remote time, the terms ‹ars› or

‹techné› are used to symbolise the intentional discoveries,

making feasible the ‹improvement› of the unaffected

surroundings. The ‹excelsior› phantasy well describes the faith

in the technical and scientific knowledge, permeating the

modern western life-style. The finance prompting bears

similarly convinced discernibility, to express the relational

context that support the affluence and influence frames of our

‹advanced› world.

The ‹collective order› formation is remarkable fact, with the

surprising consequence of social value-added and political

organisation, both artificial configurations, made-up to improve

people wellbeing. It is difficult explaining how the

arrangements wrap up. A transcendental or an immanent

motivation can be simple way out. The ‹nation-state› has well-

defined ‹authenticity› due to ‹king by grace of God›

sovereignty, or owing to ‹race homogeneity› of the citizens. The

pictures are well-liked, when eminent leadership is in-force

glue, or when direct exchange fosters close cohesion. No

pragmatic evidence shows the soundness of one or the other

assumption, unless as a result of well-timed value of the

provisionally gathered executive assemblies. In our view, no

inherent or inborn ‹collective order› pre-exists; the formation is

acquired result, subsequent to decision-making procedures [45,

46, 47, 48].

The wellbeing rooted in ‹financial› capital manipulations is hot

potato, because money held by an economic agent is a claim of

wealth of an another (public or private) body. Synergic use

fosters growth; virtual abuse, even if ostensibly lawful, exploits

Ponzi-like plots, to originate concocted assets, scattered with

duplicitous issues. The economy globalization radicalizes the

shakiness. It allows fictitious recovery by indebted parties, but

in-progress transfers wealth to blocs with growing GDP, from

the ones, soon moved to recession. The growth is obtained by

biasing the advantaged supply chains, modifying the flow of the

riches. The picture is construed as ‹selection› process (social

Darwinism), through which shaping nation fittingness. The

progress is the result of survival conflicts, with defeats and

winners.

The ecology globalization ensues, showing that the earth

‹natural capital› is limited and that wastes worsen the bio-sphere

at global village span. The conflict winners will share

contaminated lands: castling is meagre remedy, with no steady

prospects. The planned (in place of natural) ‹selection› is,

possibly, realistic, if the winners will successfully enjoy secure

progress; this shall double efforts in the fight, as rout entails

passing away. Yet, planned ‹selection› is not rational, in case of

over-consumption and over-pollution; the obtained ‹utility› has

disputable worth, under way increasing the total of dispossessed
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people, besides worsening the communal habitat safety [49, 50,

51, 52].

The rational scenarios inevitably aim at sustainability, viz., at

keeping stable source provision and harmless environment

settings. The shady ‹utility› of damaging the whole habitat (out

of, maybe, castled resorts) is perilous, not judicious. The

ecology globalization unavoidably requires moving, from

struggle, to common security. The ‹competition-to-altruism›

alteration is meme evolution stage, once understood that the

only harmless policy requires sheltering the entire global

village. Then, the wise people need to become world-citizens,

rejecting the planned ‹selection› practices, undamaging the

communal bio-sphere. The ‹altruism› rationality becomes

thoughtful choice, on condition to enable growth continuance,

upholding man wealth and health. The steps to-come address

the ‹cognitive revolution›, i.e., robot age technologies, devising

the two scopes: ‹to de-materialise›, with enhanced value-added

in intangibles; ‹to re-materialise›, with safety by bio-mimicry

reclamation. The bet are left to artificial inventions along with

the meme evolution path.

6. CONCLUSION

The man civilisation is awkward outcome, having man-centred

worth, uneasily explained on universe scale, [53, 54, 55].

The (until now) recorded improvements have affected the earth

settings (embodying the exploited ‹natural capital›, and the

participating people (epitomising the concerned ‹human

capital›). Significant changes are obtained managing the earth

resources, assumed to belong to mankind, and entirely available

to work-out value-added transformations. In truth, this assertion

is a bit reckless: we cannot know how ‹real› is what we

perceive, and how ‹true› is our construal of the outside. The

factual assessment of the tangible world has true-life check,

through the empirical linking of cause-effect relationships of

instant snap-shops. Thus, the knowledge building processes are

corollary accomplishment. The examination opposes ‹bubble-

up› to ‹trickle-down› sequences, with, however, apparent

mysteries. The ‹bubble-up› processes have consistent worth, if

an inborn selection mechanism is proved to exist, leading to

ordered set-ups, from the pre-existing randomness. Now, we do

not know which value the ‹natural laws› possess, still clear

evidence exists for the ‹entropy› decay, making unbelievable to

move the chaos, to regular systems. The ‹trickle-down›

alternative is not less questionable. Its consistency has simple

defence, assuming an outer causative origin. If both, the

immanent and the transcendental reasons cannot be persuasive

at our state of the arts, we shall try to find out plausible ways to

acknowledge the organised lay-outs on merely a posteriori

testimony  [56, 57].

The ‹truth› of the obtained evidence is, of course, restrained.

Moreover, the duty is somehow made easier, exploring together

‹relational intelligence› peculiarity and ‹man civilisation›

strangeness. The analysis has ground to consider:

communication, spoken languages plus syntax; trade, individual

utility plus organised market; lawfulness, indorsed authority

plus authenticity; and so on, always recognising ‹trickle-down›

logic as enabling rational. The meme origin of the interpersonal

abstract build-ups is accepted, using the term as symbolic

description of factual happenings out of the single individual

sphere, hence beyond clear-cut gene origin [58, 59, 60].

The whole pictures are background of the increased concern

about the man civilisation stable continuation. The

sustainability of the growth is impeding threat, produced by the

ecology globalization, viz., the vibrant alarm about our bio-

sphere reliability, today mistrusted, e.g., bearing in mind the

climate change trends. In truth, several reasons exist for fear

about future growth, especially, if considering the, so named,

advanced countries, too much used to sink into undiscerning

faith about financial instruments. So, the ecology comes to be

sharp intruder in the economy globalisation prospects,

worsening the already actually serious events. The analysis,

without hiding the critical character of the challenge, is

somehow comforting. The progress, if organised on merely a

posteriori rationales, will persist, on condition of ground-

breaking discoveries of the man intelligence. The ‹cognitive

revolution› is a devised up-turn, offsetting the current

industrialism over-pollution and over-consumption, by means of

the ‹to de-materialise› and the ‹to re-materialise› routines of the

robot age technologies.
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ABSTRACT 

 
We describe an application for rapidly and optimally responding 

to enterprise opportunities and challenges, by leveraging the 

tacit knowledge in an enterprise, via identifying the right subject 

matter expert(s). Enterprise Collective is a web application that 

automatically discovers experts and their expertise via semantic 

analysis of their work products (e.g., e-mails, patents, papers, 

reports, presentations, and blogs). The key feature of Enterprise 

Collective is being “passive”; where the employees do not fill 

out or maintain forms or profiles. The application provides an 

interactive user interface that hides the underlying complexity. 

Enterprise Collective can benefit any business user, without 

extensive training or any analytical background. The application 

leverages the Expert-Expertise, Expert-Documents, and 

Expertise-Documents relationships, and subsequently permits 

navigation within this knowledge space. Enterprise Collective 

uses technologies for semantic analysis of work products and 

relevance computation using graph flow. A semi-automatic 

taxonomy generator is used to extract expertise from documents. 

The “authority” of each expert in relation to an expertise is 

computed via the nature of the work product and frequency of 

references. To demonstrate the benefit of Enterprise Collective 

in large organization, we describe a case study. 

 

Keywords: Collaboration, People Finding, Text Analysis, 

Taxonomy Generation. 

 

1. INTRODUCTION 

 
Global competition and accelerating pace of business require 

rapid response to opportunities or challenges. In most cases, the 

tacit knowledge of the subject matter experts offers the best 

means to the right solution (e.g., the explicit answer, documents, 

or other experts). For our purpose, we define an “expert” as any 

employee who possesses the required knowledge, and the 

“expertise” is defined as the required knowledge or skill. 

Therefore, we define the problem as rapidly finding the expert(s) 

needed to respond to an opportunity or a challenge. The 

opportunities may include responding to sales pursuits, and the 

challenges may include resolving specific business or technical 

problems. It is also plausible to consider that there are many 

pockets of expertise that are hidden to a requestor in large 

enterprises. If not tapped, the value that these hidden experts can 

generate will be lost.  

 

We form organizations because collectively we can accomplish 

more than individually. However, it has been suggested that 

“communication/collaboration within an organization becomes 

difficult, when an organization reaches about 250 in size” [19]. 

Traditionally, we have relied on personal networks to develop 

and maintain a group of experts. During the past decade, many 

attempts have been made via knowledge management (KM) 

systems, human resource (HR) forms, online resumes, and 

profiles to help address this problem. Most of these solutions 

may be classified as Systems of Records, as described by 

Geoffrey Moore [7]. Arguably, most of these solutions have 

failed at being effective at addressing the problem, and not in 

large-scale use. We argue that the reason is the amount of time it 

takes for so many people to create and maintain the data in such 

systems. Enterprise Collective is an application for rapidly and 

optimally responding to enterprise opportunities and challenges, 

by leveraging the tacit knowledge in an enterprise, via 

identifying the right subject matter expert(s). Enterprise 

Collective is a web application that automatically discovers 

experts and their expertise via linguistic and semantic analysis 

of their work products (e.g., e-mails, patents, papers, reports, 

presentations, and blogs).  

 

The system combines multiple data sources, including 

unstructured work products and structured sources such as 

Enterprise Directory and document meta-data, into one holistic 

model of organizational knowledge. The key feature of 

Enterprise Collective is being “passive”, where the employees 

do not fill out or maintain forms or profiles. The approach taken 

in Enterprise Collective is to construct a graph model of 

organizational knowledge. Nodes in the graph correspond to 

meaningful entities, such as documents, people and semantic 
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tags. Nodes in the graph correspond to relations among entities, 

such as managed-by, author-of, similar-to, etc. Graph models 

have been used to capture knowledge in large document 

repositories. Once the graph model is constructed, answering 

queries over the graph corresponds to flowing relevance over 

graph edges. Queries may correspond to questions such as “Who 

is expert in topic X?”, “What is the expertise of person P?”, 

“Document D is interesting, what other documents are 

relevant?”, and more. We observe that finding the right expert is 

the most critical step in addressing an opportunity or a 

challenge, because with that person we also gain immediate 

accesses to experiences, tacit knowledge, and introduction to 

other experts. Enterprise Collective, thus, aims to attain an 

accurate, high-fidelity profile of employee expertise.  

 

We observe, however, that what people work on gives better 

insight to what they know about than what they say. We, 

therefore, avoid the standard, manual approach to obtaining 

profiles. Rather we make use of work products as a form of 

implicit profile. The type of content and frequency of citations is 

an indication of authority in a subject matter. Semantic analysis 

of work products is used to automatically generate taxonomy of 

semantic tags as well as identifying similar documents. We take 

the approach of inserting semantic information in the graph 

model, rather than building explicit profiles, which is common 

practice when the user manually enters a profile (e.g., Jive [25]) 

or a profile is inferred (e.g., Whodini [24]). To show the value of 

our approach, we have created an instance of Enterprise 

Collective which includes approximately 10,000 documents and 

10,000 technologists. The application is built as a combination 

of three main components:   

 

1. A back-end responsible for connecting to the different 

content types, people finder, and taxonomy creation. These 

components create a large graph of entities that represent 

their relationships with each other.  

2. An analytics engine that answers relevance queries on the 

entity-relation graph. 

3. A front-end that allows a user to both view and navigate a 

knowledge-base represented by the graph, but also to 

search the graph for relevant and personalized information. 

 

We report the details of the proof-of-concept application and 

discuss quantitative and qualitative results of this experiment. 

 

2. RELATED WORK 

 
The practice of recommending contacts is common place today. 

Facebook and LinkedIn use link analysis over the network of 

existing connections [13]. A similar approach has been applied 

to the network that email communications implies [4, 15]. Social 

networking tools aimed for the enterprise market rely on an 

explicit, usually manual, profile, (e.g., Jive [25]). Similar tools 

exist for conference management (see Presdo [22]) and 

Customer Record Management (CRM) (see Trampoline [23]). 

Other types of information that have been used to infer an 

expertise profile include search query logs, (e.g., [14]), 

document access patterns [15, 18], and document citations [1]. 

 

All these types of information indicate what a person is 

interested in more than what that person knows about. Our 

approach uses content of work products as the primary evidence 

of an employee’s expertise. Recent work has used the content of 

emails to automatically generate profiles, (e.g. [24, 2]). The 

profiles, however, are explicit and subject to user approval. In 

addition, we consider email to be the least authoritative type of 

work product. 

 

There is a large body of work, both academic and applied, on 

semantic analysis of text. Generation of a suitable taxonomy for 

enterprise-level utilization has been a non-trivial problem. Both 

manual and automatic approaches have been attempted. On one 

hand, vocabularies and classifications manually generated by 

domain experts tend to be very deep and specific, but generally 

lacking agility due to the need of manual maintenance. On the 

other hand, automatically-generated taxonomies based on 

statistical methods are subject to being too generic, and have 

high degrees of false positives/negatives [16]. Recent hybrid 

approaches analyses term statistics with respect to a generic 

taxonomy, such as Wikipedia [8]. We leverage this approach but 

merge the result with additional enterprise ontology and with 

enterprise-specific terms that recur in the corpus that do not 

appear in the generic taxonomy. 

  

Text analysis techniques assess the similarity between 

documents. Numerous approaches have been investigated to 

compute documents similarity using keyword vectors [17], 

latent semantic indexing [5]. Important characteristics of our 

work is that it’s dynamic and lends itself to an enterprise setting 

in which new documents are continually added and salient 

concepts shift over time. The approach is closely related to 

query expansion by pseudo relevance feedback [10].  

 

We model organizational knowledge repositories as a graph. 

This approach enables us to automatically combine structured 

and unstructured data from several enterprise sources. A general 

approach for personalized relevance computation over a graph is 

the Personalized Page Rank or Random Walk with Restarts [3, 

6]. Our graph flow algorithm is structured and allows us to 

incorporate domain knowledge to direct the flow. 

 

3. ALGORITHMS 

 
Enterprise Collective consumes data from several data sources. 

Documents are gathered by crawling multiple document 

repositories, and both unstructured document content and 

document meta-data are collected. Manual enterprise 

taxonomies may be mined. In addition, information about 

employees is obtained from Enterprise Directory, and this 

information is further used to disambiguate authors of 

documents.  

 

These data sources are used to build a graph representation of 

the enterprise knowledge. This graph has nodes that correspond 

to documents, people and semantic terms, and edges represent 

authorship, organizational hierarchy, tagging of documents and 

people, and finally documents similarity. Some relations such as 

organizational hierarchy and authorship are copied directly from 

the input source. Relations such as tagging and similarity of 

documents are extracted with semantic text analysis algorithms. 

 

Taxonomy Creation 

Our approach to taxonomy generation consists of two phases, 

which enable us to combine the best of manual and automatic 

techniques to taxonomy generation. In the first phase, we apply 

a generic taxonomy based on Wikipedia articles and hierarchical 

categories to describe functions of a global enterprise IT 

organization with its complex collection of concepts, roles, and 

functions. In a more specific case, we would like to define a 

corporate-acceptable vocabulary defining “expertise”, as well as 
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generate an expertise hierarchy. For the first phase, we 

leveraged the Document Taxonomy Extractor (DTX) tool [16] 

that is also a component of the Taxonom.com package. DTX 

extracts significant phrases from text, validates them against the 

Wikipedia corpus, and utilizes Wikipedia hierarchy to place 

extracted terms. For our purposes, two- and three-word noun 

phrases were extracted. 

 

The second phase is to use the results of a hierarchically 

generated taxonomy and in each branch select a node that both 

belongs to the taxonomy and at the same time is commonly used 

by the members of a given enterprise. This is most important for 

the areas of common expertise of the enterprise. Therefore, as 

the second step, we need to decide at what level the node value 

would make most sense to the enterprise members. Arguably, 

manual taxonomies developed by the enterprise itself contain the 

preferred terminology.  

 

Useful enterprise taxonomies include, for example, a product 

catalog, internal project names, and Intranet tags. These may be 

manual taxonomies or automatically generated by crawling of 

the corporate intranet and extracting statistically significant 

named entities [9].  

 

We also generally favored a higher-level term (in a taxonomy 

tree) if more than one node per branch was enterprise-friendly.  

The identified enterprise-friendly nodes become either a basis 

for a flat taxonomy, or expertise attached to experts, with the 

option to navigate up and down the hierarchical tree if desired.  

 

Tagging for documents is assessed relative to the generated 

taxonomy and these inferred document tags are added as edges 

to the graph model. 

 

Document Similarity  
We compute document similarity using a version of query 

expansion by pseudo relevance feedback [10], an algorithm that 

has been shown to be effective for search engines. This version 

computes the expanding terms using a weighted correlation to 

the top ranked results, using their scores rather than their ranks 

only. 

 

To compute document similarity, we first perform term-

extraction from the input document and then query expansion as 

specified above. Our current term extraction evaluates the TF-

IDF of each term in order to decide on the probability of the 

term’s importance for the current document (TF – term 

frequency) and within the entire corpus (IDF – inverse 

document frequency).  

 

One can apply many other methods to choose the best terms 

including (e.g., linguistic processing). We then search for 

documents that are relevant. This search can also be 

personalized (i.e., the similarity can be relative to the searcher). 

Our implementation is based on a Lucene [20] inverted index, 

which supports the direct index as well. This index also allows a 

personalized document search in addition to computing 

document similarity.  

 

The document similarity computation is used to add similarity 

edges between document nodes in the graph model. These edges 

carry a weight that corresponds to the computed similarity.  

 

 

 

Graph Algorithms (Relevance Engine) 

Graph algorithms identify sub-graphs of the entity-relation 

graph that constitutes various personalized views of the data. 

Thus, we can create an online view that is relevant to the query 

and personalized for the user. The graph algorithms allow 

flowing interest from a node to other nodes in the graph. 

Specifically, to find the relevance graph of a person, flow can be 

moved from the person thru her organizational hierarchy to the 

content they create and from there to similar content that is 

created in different places in the enterprise. This way, relevant 

people, content, and topics can be explored. 

 

In the same manner, graph algorithms support relevance 

computation with other nodes as the reference, which enables us 

to respond to a wide variety of use cases including: 

 

Identify Expert Expertise: When a person is chosen, 

the topics returned by the most-relevant-graph computation 

correspond to the expert’s areas of interest or expertise.  

 

Find Experts from Expertise: When expertise is 

chosen, the people returned by the most-relevant-graph 

computation are domain experts. 

 

Technologist Network: When a person is chosen, the 

people returned by the most-relevant-graph computation form a 

social network of technologists who share knowledge and 

interests. 

 

Authority Ranking: When the relevance computation 

considers the source of the knowledge asset and assigns weights 

to it (e.g., a patent gets a high score, a presentation gets a lower 

score, and an email gets a very low score). Ranking experts by 

computed relevance values is used to establish the “authority” or 

“credibility” of an expert for each expertise. The premise is, in 

most cases, each type of content has a different weight in 

indicating the degree of expertise of an expert. Additionally, we 

take into consideration the frequency. So the resulting sum of 

the content type points is multiplied by the logarithmic function 

of the frequency of occurrence of the expertise, to provide a 

more realistic assessment of ranking. 

 

4. IMPLEMENTATION 

 
This section describes the implementation of the Enterprise 

Collective system. A high-level architecture is presented in 

Figure 1. The key components of the application are: 

 

Data Extractors 

The application crawls multiple data sources. The data sources 

are external to the application and assumed to be constantly 

updating. Data-extractors connect to data-sources, unify their 

product, and insert them into intermediate data structures.  

 

Extractors have been implemented for these data sources: 

 

• Document repositories, such as technical reports, patents, 

and Microsoft SharePoint, which may contain documents, 

presentations, and emails. 

• Enterprise Directory, for information about employees and 

the organization hierarchy. 

• Social networking tools were crawled for content (e.g., 

blogs, supplementary employee information, in particular, 

photos).  
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• Manual taxonomies such as the product catalog and service 

offerings. 

• Internal web was mined for automatic taxonomies. 

 

Back-end Components  

The back-end components ingest raw data and, using algorithms 

described above, construct the graph model. 

 

Graph Model and Graph Server 

The graph model is stored in an SQL Server 2008 database. The 

graph server, which contains the business logic and graph 

analytics engine, is implemented as a web service on a JBoss 5.1 

SOA platform. The service reveals some of the data directly 

through application programming interfaces (APIs), to allow 

static information or navigate the entity graph for experts, 

expertise and clusters of documents. 

 

The Client Side – User Functionality 

Our premise is convergence of digital documents, Systems of 

Engagement [7], and analytics serves as the foundation for 

developing an optimal solution for tapping into an enterprise’s 

tacit knowledge. More specifically, we propose a solution that 

semantically and passively analyzes the work products of 

employees, does not require any employee input, and leverages 

the resulting people connections to help either identify the right 

expert, or the right group of experts for crowd sourcing. We 

provide search and navigation capabilities of these experts and 

their work products to the users.  

 

Enterprise Collective client is a Java applet running in a web 

browser and is based on Prefuse [21]. The GUI itself is 

configurable, so different tabs can be exposed or removed per 

configuration. Figure 2 shows the different capabilities of the 

user interface of Enterprise Collective. 

a) The Relevance Map gives a general view of the experts, 

documents, and topics that are relevant to the selected 

person. The visualization allows understanding of the 

clusters of those resources. It also allows reviewing each of 

the entities for more information, seeing authorship and co-

authorship relations. In all tabs, double-clicking on a person 

selects this person’s node. For documents, one can get the 

source of the content. For people, by clicking once, one can 

chose a focus person to get more information in other tabs. 

Detailed information about this visualization may be found 

in [12]. 

b) Expert Profile focuses on the content created by an expert, 

list of co-authors and other information. 

c) The Org-Chart tab, allows the user to see and navigate 

through his/her organizational hierarchy. 

d) Expert Network is another visualization of communities of 

experts clustered based on expertise. 

e) The Expertise tab allows seeing and navigating the 

different expertise area of an expert. The visualization uses 

a circular tree structure. This structure also supports 

moving from expertise to experts and back. 

f) The Crowd Source tab allows the user to move between 

communities of experts to collaborate on content. 

g) Expert Details provides general information of the person 

selected, and can be seen in all the examples in the top left 

side of the screen shots in Figure 2.  

h) The pane on the lower left allows people, expertise, and 

personalized documents search.  

 

The combination of UI features enables a user to rapidly find the 

right expert (considering factors such as the level of expertise, 

organization, and location/time zone). The user can verify the 

expert’s level of expertise through work products in views such 

as the relevance map or profile. Additionally, a user may 
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Client
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Document 
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Figure 1: Enterprise Collective - High Level Architecture 
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discover groups of like-minded people for professional 

networking, and create optimal groups of people for addressing 

specific problems. 

 

 
Relevance Map 

 

 
Expert Profile 

 

 
Expert Network 

 

 
View Experts/Expertise 

 

  

Figure 2: Sample Screenshots of Enterprise Collective Client 

5. EXPERIMENTAL RESULTS – A CASE STUDY 

 
This section describes an instance Enterprise Collective system 

we have built internally in a corporation of 300,000 people1. 

This instance of the application was made available internally in 

March 2012. Document repositories were crawled, as described 

above. The corpora used to construct this instance of Enterprise 

Collective includes all submissions to an internal technical 

conference from 2007-2012 (about 10,000 documents), nearly 

4,000 patents, 200 technical reports as well as sample 

documents some participants provided. The application is 

currently aware of about 10,000 technologists, including authors 

of documents and their management chain.  

 

Users of the application can: 

• View a personalized map of relevant knowledge resources 

organized around the user’s areas of expertise. 

• Given a topic, find the most authoritative expert(s). 

• Given an expert, identify his/her expertise. 

• View a personal profile for every person in the network. 

The profile includes documents, co-authors, and expertise. 

• Explore a hierarchical visualization of the organizational 

directory to correctly place an unknown technologist. 

• Identify the group of experts who would be most 

appropriate to collaborate on a project or crowd source.  

• Assemble a team to respond to RFPs is a use case of 

particular interest. 

 

The response at the conference was overwhelmingly positive. 

Users consistently verified the application captured their areas of 

expertise. They typically recognized most of the people the 

application identified as relevant. This gave them confidence 

that the people the application recommends, who they do not 

know, are very likely relevant as well. We have received 

feedback from 37 users, 80 percent of whom agree or strongly 

agree that Enterprise Collective is beneficial. We anticipate 

considerably greater benefit as we roll out future versions to a 

greater number of participants.  

 

6. DISCUSSION AND FUTURE WORK 

 
Enterprise Collective is a productivity tool aimed at rapidly 

responding to opportunities and challenges. The focus of the 

application is identifying experts and their expertise by using 

work products generated in their daily activities. We described 

analytics algorithms, including semantic text analysis and 

relevance flow by which topics are extracted and expertise 

profiles are constructed. We built a proof-of concept application 

of Enterprise Collective, which implements these algorithms and 

supports several expert and expertise discovery use cases. We 

are actively researching the graph model and relevance 

computation using graph flow. We are considering a more 

structured variant that leverages the structure of the domain. 

Graph flow can successfully highlight relevant resources when 

the graph model is set up appropriately. That is, edges truly 

reflect connections in the organization and the weight of each 

edge captures the strength of the relation in the real world. At 

present, the model and connection weights are set in an ad-hoc 

manner based on trial and error. We seek to replace this ad hoc 

                                                 
1
 The application contains confidential internal content. So, 

unfortunately, we cannot share it with the reader at this time. We 

are working on an external instance that will be constructed over 

academic publications. 
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process with a rigorous machine learning approach. Our 

experience has served to emphasize the important of 

organizational taxonomy, and we have put a great deal of focus 

on creating taxonomy as described above. We continue to 

investigate approaches for dynamic taxonomy correction so that 

our taxonomy adapts as topics shift in the organization.  

 

The next steps for Enterprise Collective include enlarging the 

scope of the internal proof-of-concept to encompass more 

employees and additional data sources, both internal and 

external, (e.g., commonly used social networking data such as 

LinkedIn connections, email message links, search logs, and 

document access patterns). We view Enterprise Collective as a 

production application which will, in due course, be available to 

enterprises. Enterprises foresee great value in collaboration, 

which has caused most large organizations to roll out social 

networking tools on the Intranet. For the most part these tools 

suffer from lack of adoption, which has been summarized as the 

90-9-1 principle – 90 percent of people won’t use it, 9 percent 

will be passive observes and only 1 percent will really engage. 

We believe that our approach to automatic and explicit profile 

generation can overcome the adoption barrier by engaging the 

user from the very first time he or she connects. We are actively 

building a social networking tool to test this conjecture. Most 

prior work and expert finding tools use profile similarity. A key 

technological difference in our approach is that we flow 

relevance directly between work products, rather than 

summarizing those in an explicit profile. Taking this approach to 

the next step, we are considering the use of external search 

engines directly in the relevance computation so we do not have 

to explicitly maintain a model containing all the documents. 

This approach becomes imperative as the population of users 

and documents increases. It is not yet clear if the current 

approach scales for very large enterprises. We intend to validate 

that as we make the application available to a larger install base. 

 

Enterprise Collective investigated some novel rich visualization 

of relevance recommendations. We believe such rich 

visualization will be of great value in a research setting. That is, 

when a person is trying to understand the lay of the land in a 

new field. Such research is common in enterprises, but no less 

common in the greater context of the Internet. In future work, 

we will build a system, using principles and visualizations from 

Enterprise Collective, to accelerate and simplify the process of 

researching a new area. Today, the main tool to support such 

research is a search engine. We, on the other hand, envision 

search as an underlying building block in our system. 
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ABSTRACT

Communities are emergent, holistic living systems. 

Understanding the impact of social complex systems through 

spatial interactions via the lens of scalability requires the 

development of new methodological behavioural approaches. 

The evolution of social complex systems of cities and their 

regions can be investigated through the evolution of spatial 

structures. The clustering of entities within cities, regions and 

beyond presents behavioural elements for which methodological 

approaches need to be considered.

The emergent aspect of complex entities by their very nature 

requires an understanding that can embrace unpredictability 

through emergence. Qualitative methodological approaches can 

be holistic with the ability to embrace bottom up and top down 

methods for analysis. Social complex systems develop 

structures by connecting “like minded” behaviour through 

scalability. How “mobile” these interactions are, is a concept 

that can be understood via “inter-organizational” and “inter-

structural” comparative approaches. How do we indeed convey 

this adequately or appropriately? 

Just as a geographical area may contain characteristics that can 

help to support the formation of an emergent industry cluster, 

similar behaviours occur through emergent characteristics of 

complex systems that underpin the sustainability of an 

organization. The idea that complex systems have tacit 

structures, capable of displaying emergent behaviour, is not a 

common concept. These tacit structures can in turn, impact the 

structural sustainability of physical entities. More often than 

not, there is a focus on how these concepts of complex systems 

work, but the “why” questions depends upon scalability. Until 

recently, social complex adaptive systems were largely over 

looked due to the tacit nature of these network structures. 

Keywords: Social and spatial scalability, living systems, 

unpredictability, social complex adaptive systems, emergent

qualitative methodological approach.

1. INTRODUCTION

The concept of complex adaptive systems underpinning 

sustainability (across multiple themes) seems overwhelming 

when the behaviour of these interactive multiple systems are 

living and dynamic. The value of viewing key interactive points 

of dynamic systems, transactions or “states” via the lens of 

scalability, is an important concept to grasp when exploring 

behavioural elements and their impact of dynamic systems. 

This paper aims to address the development and impact of 

emergent methodological approaches and models with a focus 

on the unpredictability of qualitative relationships and their 

behavioural elements. The work in this paper has been partly 

informed by the developmental analysis of the “group” or a 

“systems wide emergent phenomena”. Within the group 

analysis there was a focus on the behavioural approach of a 

bottom up – top down view, resulting in various forms of 

“group clustering dynamics”.

Understanding the concept of scalability is fundamental as a 

means for manoeuvring through and between systems levels 

regardless of their substance (physical or tacit). This concept 

has not as yet been expanded to such a degree as to be 

consciously recognized as a necessary behaviour required for 

emergence in geographical and geophysical spaces. The concept 

that structures such as societies, regions and beyond 

continuously (“scalable complex systems interoperability”) 

interact on multiple scales, has not been clearly understood or 

given the attention it requires. Understanding these movements 

engages a vast variety of perturbations that impact design for 

cities, regions and beyond. The basis for new methodological 

approaches needs to emerge, and needs to be adjustable during 

analysis and field work alike, including reflection of the 

evolving living system. 

2. METHODOLOGICAL APPROACH – THE 

THEORY AUTOPOIESIS - EXTENDING 

MATURANA AND VARELA’S AUTOPOIESIS

Maturana and Varela [1] [3] [5] [2] proposed that living entities 

were distinguished from non-living by a recursive process of 

self-maintenance and self-production that they called 

autopoiesis, where systems with interacting components that 

self-distinguish themselves as entities from the surrounding 

spatial medium. Hall [8] [9] [11] [10] extends Maturana and 

Varela's ideas to provide the initial foundation for a generic 

realist theory of autopoiesis that can be applied to systems 

across several hierarchical levels of complexity.

Cyclically complex systems are constantly emerging [8] [9] [11] 

[13] [14] [15] in the physical world as a natural consequence of 

the entropic dissipation as energy (and can also be considered as 

potential of an entity) is transported by the medium from high 

potential sources to low potential sinks [8] [9] [12]. Hall [11] 

[8] [9] notes that the sources and sinks have potential 

differences between them with interacting components, and 

these types of physical transport systems become cyclical and 

complex, involving the interactions of a range of different kinds 

of components [17] [18] [19] [22] [23] [24] [25] [26] [27] [28] 

[21]. 
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As no generally accepted scientific definition of life has yet 

been agreed upon [8] [9] [11] [29] [30] [45] the 

approach taken in this work is that the six criteria given by 

Varela et al. [7] are to be used as the starting point for 

recognizing when any complex system should be considered to 

be living. As substantially paraphrased [9] [12] [14] from 

Varela et al. [7], the six properties a system must exhibit to be 

considered living, and therefore autopoietic, are:

1. Bounded (distinguishably demarcated from the 

environment)

2. Complex (separate and functionally different components 

within the boundary)

3. Mechanistic (system dynamics driven by self-sustainably 

regulated fluxes or metabolic processes)

4. Self-differentiated (system demarcation intrinsically 

produced)

5. Self-producing (system intrinsically produces own 

components)

6. Autonomous (self-produced components are necessary and 

sufficient to produce the system).

Maturana [4] states that "...the physical boundaries of a living 

system... are realized by its components through their 

preferential interactions within the autopoietic network... as 

surfaces of thermodynamic cleavage [p. 30]". 

Hall [8] [9] [11] argues that autopoiesis can emerge at different 

scales within and between organizational hierarchically 

complex systems. These systems can self-define levels of focus, 

and determine what constitutes the component subsystems and 

environmental super-systems. Autopoiesis was originally 

proposed to define life of cellular systems in an environment 

containing macromolecular components, where it evolves in a 

hierarchically complex world as a consequence of the 

fundamental laws of thermodynamics [6]. Hall [8] [9] argues, 

stating that the molecular level of autopoiesis may emerge at 

any level of an organization (a) where lower level components 

offer a sufficient variety of interactions to support cyclically 

dissipative dynamics and the emergence of control information; 

and (b) where the higher level super-system or environment 

continues to offer a potential gradient able to fuel the continued 

existence of self-stabilized cyclical systems to provide the 

dissipation [8] [9] [11].

Karl Popper's [35] evolutionary epistemology with a theory of 

complex self-maintaining systems informs Maturana and 

Varela's [2] autopoiesis. The paradigm summarised here is

based on autopoiesis, differs from Luhmann’s [31] [32], in 

short, this work in this paper views autopoiesis as a spiral rather 

than a closed loop [44].

Popper grounded his evolutionary epistemology [35] [36] in a 

metaphysical ontology of three "worlds" or domains: 

• World 1 ("W1") is external reality or everything that exists. 

• World 2 ("W2") is the domain of cognition and embodied 

or "dispositional" knowledge. Polanyi's [33] [34] personal 

and tacit knowledge are encompassed within W2 [9].

• World 3 (W3) is where explicit or "objective" knowledge 

such as the logical contents of books, computer memories, 

heredity and other persistent products of cognition is found 

[35]. 

Popper [35] notes, the cycles are not exactly repeatable, because 

incremental additions of tested knowledge change the perceived 

problem states from one cycle to the next (living, dynamic 

behaviour). Nousala [13]  (figure 2) describes the spiral action 

of autopoietic community behaviour as emergent with 

constraints and boundaries shaping the living process and 

ultimately the basis for possible sustainable entities through a 

series of  “states”. Figure 2 shows in detail a possible process in 

action that can interact with multiple processes as shown in 

figure 3.

Figure 1. Modification of Popper’s three worlds diagram to 

show cyclical movements.

The circle in figure 1 emphasizes cyclic exchanges between 

world 2 and world 3 as world 2 attempts to represent and 

interact with world 1 [13] [15].

Figure 2. Emergence of an autopoietic community of 

practice. [13]

Figure 2 places Nousala's spiral knowledge exchange model in 

the complex systems hierarchy of an autopoietic organization 

(Figure 3). Dynamic activities of entities at the focal level 

within the triad are enabled by laws governing interactions of 

subsystems and constrained by conditions imposed by the 

super-system [37] [10]. Subsystems below the focal level 

determine what is possible for the system to do via initiating 

conditions and “universal” laws governing the interactions of 

subsystem components. Koestler introduces the concept of 

“holon(s)” to summarise stable subsystems as components in a 

broader complex system. [46] `The "environment" or super-

system containing the holon as a component establishes 

situational boundary conditions to shape and constrain the holon 

to determine its emergence and development through history 

[12] [14].

Organizational history and circumstances determine start

Constraints and boundaries determine what is physically allowable

Energy (exergy)

Personnel recruitment

Materials and property

Income

Ob
se
rv
at
ion

s

Entropy/Waste

Products

Departures

Expenses

Actions

ProcessesProcesses

"universal" laws governing components determine possibilities

HIGHER LEVEL SYSTEM / ENVIRONMENT

SUBSYSTEMS / COMPONENTS

Organizational imperatives and goals

Figure 3. Structure of an autopoietic organization [10] [13] 

[16].

Figure 3 illustration shows some of the major functional 

subsystems that would be found in a autopoietic organization. 

World 2World 1 World 3World 2World 1 World 3
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The processes evolving and emerging at differing rates need to 

be viewed holistically through a longitudinal approach.

Pn TT EE Pn+1

W2

W3
*

**

Pn TT EE Pn+1

W2

W3
*

**

Figure 4 – Modification of Popper’s tetradic schema and 

three worlds diagram [10].

Figure 4 represents a modification of Popper’s combined 

tetradic schema and three worlds diagram shows the beginnings 

of the cyclical nature of tacit knowledge exchange. * The 

tentative solution is objectified as a tentative theory in W3. ** 

The tentative theory in W3 is subjected to critical analysis to 

eliminate errors. The circle emphasizes the area expanded in 

Figure 5.

Transition 3 (W2)

Transition 2 (W3)

Transition 1 (W2)

Environment for
humanistic KM
supporting tacit
knowledge
networking in W1

Tacit input for converging individuals /
Initiating point for CoP emergence

Transition 3 (W2)

Transition 2 (W3)

Transition 1 (W2)

Environment for
humanistic KM
supporting tacit
knowledge
networking in W1

Tacit input for converging individuals /
Initiating point for CoP emergence

Figure 5. Nousala's [13] spiral transition exchange model. 

In Figure 5, processes within the emerging from a communities 

of practice (CoP), cyclically transform knowledge between tacit 

forms in the [35] W2 and explicit forms in W3. The vertical 

dimension shows time and practice = evolving to the next level 

of knowledge. Transition 1: initiating point for tacit knowledge 

exchange (“TKE”). Transition 2: criticism of articulated 

tentative solutions. Transition 3: personal understanding of the 

problem solution for the cycle, with adjustments to constraints 

to iterate the process. As Popper [35]  notes, the cycles are not 

exactly repeatable, because incremental additions of tested 

knowledge change the perceived problem states from one cycle 

to the next.

“Time and practice” are required between each transition. Time 

is needed for the community to actually articulate knowledge 

into W3 for transfer and back into personal W2 to put the 

knowledge into practice (i.e., to test it). Each of the transition 

levels, 1, 2 and 3, represent a tacit exchange or evolutionary 

increment through time in the quality of knowledge available to 

the CoP.

Organizations are non-static complex systems that have evolved 

over time.  This sentiment is shared by two economists, Nelson 

and Winter [20] who argue that they prefer approaching 

organizational function with a more “appreciative version” as 

opposed to the “formal orthodoxy, displayed in logically 

structured theorizing…”.  They say that they use the term 

“evolutionary theory” as it signifies a borrowing of basic ideas 

from biology, which is centric to their scheme “the idea of 

economic natural selection” [42] [p.8].

3. FROM THEORY TO PRACTICE

Utilizing observations of a year-long project (initiated by a 

department of a European national government) the consortium 

involved (consisting of a multi-sectorial, multi-disciplinary 

group) provided a rich basis from which to participate as an 

embedded researcher. Through the collective experiences of the 

consortium members, an understanding was gained of how and 

what development was important. The experiences also showed 

why tacit knowledge networks “moved” to impact behaviour (in 

the way it did) between multiple layers of relationships and 

activities (highlighting which activities were considered key 

along the way). 

Interaction occurred at levels that were at first between key 

attractors (individuals), then between activities, finally building 

up into multiple “stands” of interactions, forming key transition 

points (at first a few, then many of various impact and strength). 

These strands moved between “non physical states” moving 

together as small groups, clustering around issues of 

commonality. 

As with individuals and teams within projects, industry clusters 

can coalesce organizations (including whole regions) to form 

complex systems. Action research was a practical approach to 

observe and investigate the consortium activities. Initially, the 

experience of utilizing the theory (as it is described) for field 

work seemed counter intuitive, due to the obvious choice of 

starting with the tracking of known activities acting 

simultaneously through a multitude of scales. Tracking known 

activities was an approach that could not in and of itself, 

produce the desired understanding of the “whole systems view”. 

The theory required a “translation” for use in the field beginning 

with the bottom-up, top-down approach, which assisted with the  

“experiential understanding” or “know how”, creating a 

“systems behavioural approach”. The systems behavioural 

approach provided the basis for a “holistic instance” from which 

to experience viewing the levels and scales in relation to the 

whole system (a holistic instance). The holistic instance 

produced a simultaneous impact that allows for an experiential 

understanding of a scalable, holistic entity, through the systemic 

ability of the lens of scalability. 

There is a lack of critical understanding regarding the 

significant practical impact for creating effective industry based 

sustainable systems which impact various societal groups such 

as small, mid to large organizations, cities, regions and 

countries. The development of successful industry clustering 

combines local, regional and national elements on all levels. 

The organizations involved in this work were a very diversified 

collective [16]. The research focused on two different aspects; 

a. short term investigation into common issues and possible 

solutions. 

b. long term, how this diverse group can form the basis of an 

industry platform for continuous behaviour on several levels.

By initially focusing on the consortium issues and approach, it 

was possible to initiate the beginnings of an emergent process 

from “grass roots”, to facilitate identification and development 

of a wider collective methodology outline. Investigation and 

documentation of this methodology contributed to new concept 

“in practice” towards methods, applications and socio-technical 

approaches. 

4. THE SIGNIFCANT PROBLEMS OF SUCCESSFUL 

INDUSTRY CLUSTERING WITHIN REGIONS
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Improvements via long-term bottom up approaches (requires 

longitudinal thinking for implementation time lines) created 

efficiencies that supported and under pinned sustainability for 

the organizations involved which could (in the long term) 

translate into their immediate urban environments. Longitudinal 

approaches from policy to practice rarely have the opportunity 

to occur. An alternative approach would be to provide an 

innovative method for visual horizontal analysis of knowledge 

networks, in contrast to the traditional siloed, hierarchical 

methods for information and data analysis. Rittel and Webber's 

[38] formulation of wicked problems are perhaps best 

considered in the context of social policy planning. Every 

solution to a wicked problem is a "one-shot operation"; because 

there is no opportunity to learn by trial-and-error, every attempt 

counts significantly. It is not possible to “pilot” policy 

implementation, like wise it is not really possible to pilot 

clusters or impacts on territories or regions.

A practical example of policy implementation issues can be 

seen through investigations into industries and their supply 

chains in Australia, Asia and internationally. Whole clusters and 

industries been built upon a small, medium enterprise (SME) 

base, but reliance on traditional top down approaches used for 

investigation into strategies and insights for transforming SMEs 

and the like into more innovative entities, have been less than 

successful. This is mainly due to the difficulty for SMEs to find 

resources to be noted on an individual level, so many resort to 

seeking (within their supply chains) access for collaborative 

approaches to tackle industry wide issues [41]. The Australian 

Review of the National Innovation System Report, 

Recommendation 3.3 of the Review [42], highlighted the crucial 

importance of new connections and clusters for the competitive 

advantage of firms in knowledge-based economies.  The report 

emphasized the importance of collaboration amongst SMEs and 

with research providers; in fact, the term “collaboration” 

appears repeatedly in the report.  

Collaborative approaches have now been recognized [39] [40] 

as desirable when developing methodologies for SME 

collaboration and industry clustering. These ideas of 

collaborative approaches for SMEs are now more widely 

attempted and understood.

5. THE IMPORTANCE OF KNOWLEDGE LEVELS 

AND THEIR LINKS TO SCALES WITHIN

SYSTEMS

Nousala [13] discuss Nelson and Winter’s thinking [20] 

regarding the fragility or wellbeing of the long term viability of 

an organization or in other words, its sustainability, within 

competitive environments highlighted by Nelson and Winter’s 

[20] [p.10] description of the inadequacy of the “theoretical 

foundation that orthodox micro-economics provides for macro-

economics”. 

Nelson and Winter [20] further discuss the general expression 

of the current theory, which is unable to adequately deal with 

uncertainty of large corporations and their organizational 

complexity. Tacit protocols are a part of the development of 

knowledge networks that bind communities together through 

various stages of development, from the first steps of 

integration and possible eventual dis-integration [13]. Both 

unconscious competence and conscious competence are present

and relevant elements of tacit protocols, which trigger the 

clustering of tacit knowledge links into coalescing, and finally 

focusing into “commonalities” of knowledge levels [13].  

These knowledge levels become evident or even more so when 

consciously sort. All this may seem obvious, however, tacit 

protocols have not been considered or seen as fundamental in 

regards to communities of practice (CoP) in complex, 

hierarchical or dispersed groups. Tacit protocols were also 

found to have levels within levels. For every gathering under a 

unified cause, i.e., CoPs, communities of interest (CoIs) or 

expert communities of interest (ECoIs) tacit protocols were 

active [13].

The basis for the awareness of scales and working within 

selected scales was a question posed by the consortium. This 

question of how and why scales are important or appropriate 

may be one of the observance of natural formations of 

clustering of knowledge links as transitional “markers” for links 

that highlight important  “current relevant scales”. 

6. CONCLUSION

Using developmental snapshots to observe outcomes as a series 

of “states” within the consortium, (several large organizations, 

inter company, government bodies and forums) highlighted the 

importance of human attractor/s (may also be an outside 

facilitator/s). Similarly, this corresponds to what had been 

observed during the formation of SMEs around a charismatic 

entrepreneur serving as the personal attractor. SMEs themselves 

also served as attractors for industry clustering within regions.

Key outcomes were observed from the consortium experiences 

through the examination and analysis and interactions within 

and between group dynamics and levels. Key elements became 

evident, such as the identification of tacit protocols. Tacit 

protocols are important, and exist in a “non form”, and mirror 

explicit actions and structures through a series of sequences and 

instances.  Tacit protocols are important in relation to how they 

create links into the way in which tacit context influences or is 

influenced by the tacit content, depending on the level of 

knowledge interaction. These knowledge levels interact with 

and correspond to explicit content and context. In this way, the 

tacit can mirror the explicit structures, albeit in a different time 

sequence. 

This type of understanding of knowledge levels through tacit 

protocols may be achieved through various ways, for example 

physical interaction by working in the same space, by 

combining inter-relating tacit and explicit work through each 

other’ networks, data bases, codified reports etc. The tacit and 

explicit content and context that occur simultaneously are 

guided by focusing on both tacit and explicit protocol 

interaction.  Therefore, protocol of the tacit variety can be 

applied individually and collectively when access is made via 

one point connecting to or tapping into a wider, more 

encompassing meta-cognitive knowledge system [13].

This research area is a significant and an emergent field of 

social complex adaptive systems (socio-technical) focusing on

the implementation of processes involved in this multi-

disciplinary field. The skill set required is considerable due to 

the embedded practice approach when looking organizational 

systems and beyond. 
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ABSTRACT 

Communication is a process that takes place daily in the 

lives of all people and is essential and critical in everyday 

situations. A poor communicative process can confuse the 

message that is transmitted and may not meet the ultimate 

goal. Thus, a management game is developed, in which it 

is intended to show, identify and teach how 

communication becomes a critical process in teamwork, 

and the barriers that impede or distort the correct 

functioning of the process. Then a process of validation is 

made. 

Key Words: Management games, game design, team 

work, verbal communication, not verbal communication. 

1. INTRODUCTION 

Communication is the transmission of signals by a 

common code to the sender and the receiver, and is a 

daily activity in personal and organizational levels. 

Since communication is a complex and critical process 

within organizations and even in people’s daily life, a 

poor communication process can lead to confusions and 

misunderstandings between the subjects involved, 

producing discussions and bad environments to develop 

daily activities, at work or in personal life. 

Communication also depends on the place it is originated, 

on the signals or ways used to practice it, on the actors 

and variables involved. There are physical and verbal 

barriers that directly influence the efficiency and 

effectiveness of the process. 

As stated above, the necessity of designing a game 

oriented to develop management skills is identified, 

focused on teaching the factors that affect the 

communication process and the identification of actors 

and variables involved in the process. Similarly, the 

central objective of the game is to show how the different 

communication channels, the extension of the texts, the 

common signals and others, become key successful 

factors for effective teamwork.  

2. COMMUNICATION PROCESS 

Communication as a fundamental process in a person’s 

life and in their daily activities has been broadly defined 

and characterized by different authors. This way, more 

than 160 different definitions for communication could be 

found in literature [3] as it is understood differently 

depending on the field of study it is applied, for example: 

communications in technology, in social sciences or in 

engineering, have different definitions and interaction 

processes. 

Communication is defined [3], as the transfer of 

information; that is, a communicator sends a stimulus, a 

message, some data or information to a receiver. In social 

sciences, communication is defined as a way of social 

interaction. Additionally, communication is conceived as 

“the lifeblood of any system of human interaction as 

without it, no meaningful or coherent activity can take 

place” [8]. 

But in teamwork, communication is the way to transfer 

information. This refers to some instruments as 

performance reports, recommendation of corrective 

actions, organizational processes and updating [6]. All of 

these are necessary for good internal relationships 

between team members and external relationships with 

the environment, to maintain the possibility of a 

continuous feedback. 
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Communication process could be a lineal process, that is, 

unidirectional, causal, privileged and restricted flow of 

information. Communication process is unidirectional 

because the person who transmits the information (The 

source or transmitter), is the principal actor of the 

process. It is causal because the transmitter is the person 

that causes an effect on who received the information, 

and not the other way around. Is privileged because the 

transmitter is the owner of information and who 

determines the amount of information or detail to be 

transmitted. Finally, the flow of information is restricted 

because not all the team members can access to the same 

information and in the same amounts. This use of the 

information is for the reason that transmitter has access to 

more and better information than the other members [4]. 

2.1 Communication elements 

In Figure 1 Communication process and its elements are 

shown: 

Figure 1. Communication process. 

Some communication elements are described below:  

Source:  Is the transmitter, subject that produces the 

communication act. 

Encoder: It refers to the set of signals or symbols in 

which message is transmitted. Encoding is the process of 

constructing a stimulus with a meaning [2]. Encoding can 

be speech, nonverbal signals or writing [5]. 

Message: To have a communication process, an intention 

is needed; it means information or a message to be 

transmitted. It is the result of encoding and contains 

information that is transmitted [2]. 

Channel: Is the physical environment in which the 

message is transmitted [2]. 

Decoder: Is the process of converting sensations into 

meaningful interpretations or codes. Decoding can be 

listening, reading or interpretation of nonverbal signals 

[3]. 

Receiver: Is the subject who received the information [2]. 

Noise: Unanticipated disturbances or barriers that destroy 

or alter the information [2]. It is present in communication 

processes.  

When analyzing the elements in the context of teamwork, 

encoding and decoding information are two key phases in 

the achievement of objectives. The leader efforts are 

concentrated in clarifying and establishing common 

agreements, communication patterns and behavior rules 

between team members to have the correct 

communication processes, as it influences directly the 

satisfaction and performance of the team. 

Communication adopts multiple ways, but the most 

common are verbal and nonverbal: 

Verbal communication: It can be done in two ways: oral, 

through words or writing, through the representation of 

graphic symbols. 

For the correct interpretation of the message, is necessary 

to know the meaning of the symbols and the code which 

have to be common to transmitter and receiver. For 

example, to read a message in some language you have to 

know that language to understand it, if you don’t 

understand is because you don’t know the common code. 

Nonverbal communication: Is estimated that between 

60% and 70% of the communication is done by nonverbal 

language; these are gestures, appearances, posture, gaze 

and expressions of the face, the hands or the body of 

persons. 

Nonverbal communication is done by a variety of signals 

as sensorial images (Visual, auditory, olfactory, and 

others), sounds, gestures, corporate movements, and some 

others, represented or captured by some body parts. . In 

Figure 2 some facial gestures are shown, with which 

people express feelings and desires without saying 

anything. 

276

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



Figure 2. Facial gestures. 

Richness of communication media is the capacity of a 

communication channel to transmit effective information 

and in the correct moment [10]. This way, communication 

channels can have a special emphasis, depending on the 

way of communication and the necessities of the parts and 

actors involve.  

3. TEAMWORK 

A problem present in organizations is to link a set of 

different persons to achieve an organizational purpose or 

firm’s goals; this is difficult because every person has 

necessities, interests, knowledge, and experiences, 

expectative and different motivations that form a diverse 

team [4]. The functions of a leader are consolidated this 

variety of expectations into a common one, and link the 

members into a team with the same goals, objectives and 

horizons, through a solid and clear communication 

mechanism that allows the correct information flow.  

Is important to differentiate between group work and 

teamwork. Group work is a group of persons that realize 

activities and have a manager that directs and indicates 

what to do, how to do it, the time to do it and 

communicates the expected results; Group members do 

what they are told separately and in an individual way. 

Teamwork is a “group of persons that work together in a 

synergic way to achieve a common goal” [9]. 

Efficient teams have [7]: (See Table 1) 

Table 1. Characteristics of effective teams. 

Mutual interaction with an integral mutual 

recognition. 

Common goals 

Conformation of Behavior rules 

Achievement of objectives 

Establishment of roles 

Interaction limits for personal and labor relations

Different leadership patterns between the 

members. 

Problems in communications process in teamwork are 

common, generally because of different personalities, 

behaviors and temperaments of the members. These 

individual and group difficulties have to be identified by 

the leader, who has to analyze them and develop 

corrections if it is necessary, to maintain a comfortable 

work environment.  

4. METHODOLOGY 

For designing of a game with educational purposes, the 

methodology of [1] is used. It is composed by 10 

fundamental steps: 

(1) Identify the theme of the game;  

(2) Establish the game purpose;  

(3) Identify the instructional objectives of the game;  

(4) Identify and define general concepts of the theme;  

(5) Select candidate techniques;  

(6) Select the appropriate technique(s) according to 

characterization;  

(7) Incorporate specific knowledge to the game;  

(8) Develop of initial tests;  

(9) Develop the final version of the game;  

(10) Elaborate and evaluation inquest. 

In Table 2 design of the game Chain.com and the results 

obtained with the mentioned methodology are shown. 

Table 2. Design of the game Chain.com 

Theme Communication process as critical factor 

in teamwork. 

Purpose Teach roles, variables and barriers 

present in a communication process, in 

teamwork. 

Instructional 

objectives 

• Identify the importance of verbal and 

nonverbal communication, at the time 

of unifies concepts and teamwork.  

• Establishment of the importance of 

raising strategies that leads to a 

successful teamwork. 

• Identify the existence of different roles 

and factors in communication process. 

• Show the influence of the channel, 

message and barriers in the 

communication process. 

Candidate 

techniques 

(1) role game and (2) Lottery. 

Select 

appropriate 

technique 

An evaluation of the candidate 

techniques is done; following the 

methodology purposed [1], to 

determinate which technique fits better 

to necessities of the game Chain.com. 

The technique of role game is chosen. 

Initial test To verify the compliance of the game 

objectives, preliminary tests are 

performed, with which failures are 
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detected and subsequently the final 

version of the game is corrected and 

refined. 

An initial test is applied to a group of 5 

persons and an inquest is

As a preliminary result a good 

performance of the game is obtained, 

also some failures are detected by 

observation and feedback with 

participants, and the corrections are 

made to adjust the final version of the 

game.   

Evaluation 

Inquest 

With the objective of obtain suggest 

from participants, an inquest is applied. 

There participants evaluate the game and 

suggest possible changes. By the 

answers of participants is possible to 

identify if the instructional objectives of 

the game are achieved.

5.  INCORPORATION OF SPECIFIC 
KNOWLEDGE 

From the characteristics of the candidate technique

game, a technique list of the game 

developed, in which all details, characteristics, m

rules and elements from the methodology and the des

phase of the game are added, in order to serve as a

for the game coordinator. 

Basically, the game consists of teams of 4 persons 

one, in which information has to be transmitted bet

the members of the team to achieve a common objecti

complete a board with different types of figures. In Figure 

3 board of the game Chain.com is shown. 

Figure 3. Chain.com game boards.

The board has 5 different figures, and each figure ha

identical options, 3 of them do not fit in the boar

only one does. Participants have to communicate cor

information to the other members of the team, in an 

effective and efficient way, to find the 

the board in the shortest time possible. 

detected and subsequently the final 

version of the game is corrected and 

An initial test is applied to a group of 5 

persons and an inquest is made. 

As a preliminary result a good 

performance of the game is obtained, 

also some failures are detected by 

observation and feedback with 

participants, and the corrections are 

made to adjust the final version of the 

objective of obtain suggest 

from participants, an inquest is applied. 

There participants evaluate the game and 

suggest possible changes. By the 

answers of participants is possible to 

identify if the instructional objectives of 

INCORPORATION OF SPECIFIC 

From the characteristics of the candidate technique of role 

game, a technique list of the game Chain.com is 

developed, in which all details, characteristics, materials, 

rules and elements from the methodology and the design 

phase of the game are added, in order to serve as a guide 

Basically, the game consists of teams of 4 persons each 

one, in which information has to be transmitted between 

the members of the team to achieve a common objective, 

nt types of figures. In Figure 

is shown. 

game boards.

e board has 5 different figures, and each figure has 4 

identical options, 3 of them do not fit in the board and 

only one does. Participants have to communicate correct 

of the team, in an 

effective and efficient way, to find the figure that fits in 

During the game, participants have to do some menta

tests and mathematical calculations, before transmi

information to the next station, with the objective

influence directly on the conc

members, the stations have different test

have to complete.  

• Station 1: In this station will be located the only 

participant who may see the board, is the transmitt

of the information. At the beginning of the game, 

this participant has to decide which figures are go

to be transmitted orally, written or by signs (For 

will have 2 minutes). When the game starts, the fir

participant has to go to the second station to 

communicate the chosen figure to the next team 

member. 

• Station 2: The participant located there has to 

receive the information that is communicated and 

has to search one word in an alphabet soup game 

placed in this station, then has to move to station

describe to the next participant the figure require

• Station 3: The participant located in this station, has 

to receive the information from the perso

2 and then has to take one paper from a bag, each 

paper has a different mathematical operation, 

participant has to find the correct result to move 

the next station and transmit the information to th

last team member. 

• Station 4: The last p

information from the person in station 3 and has to

find the figure that corresponds to the description

the received information; once a figure is selected

has to be passed through participants.

Figure 4. Chain.com

In Figure 4 a schema of the location of the participants 

and the elements of the game 

The selected figure passed through participants to 

station; there the first team member has to measure

figure on the board (For this is not necessary to realize 

again each station tests). If the figure is not the

During the game, participants have to do some mental 

tests and mathematical calculations, before transmitting 

information to the next station, with the objective of 

influence directly on the concentration of the team 

members, the stations have different tests that participants 

In this station will be located the only 

participant who may see the board, is the transmitter 

of the information. At the beginning of the game, 

this participant has to decide which figures are going 

to be transmitted orally, written or by signs (For this

will have 2 minutes). When the game starts, the first 

participant has to go to the second station to 

communicate the chosen figure to the next team 

The participant located there has to 

receive the information that is communicated and 

as to search one word in an alphabet soup game 

placed in this station, then has to move to station 3 to 

describe to the next participant the figure required.

The participant located in this station, has 

to receive the information from the person in station 

2 and then has to take one paper from a bag, each 

paper has a different mathematical operation, 

participant has to find the correct result to move to 

the next station and transmit the information to the 

The last participant has to receive the 

information from the person in station 3 and has to 

find the figure that corresponds to the description of 

the received information; once a figure is selected, it 

has to be passed through participants.

Chain.com game scheme. 

a schema of the location of the participants 

and the elements of the game Chain.com is shown. 

The selected figure passed through participants to the first 

station; there the first team member has to measure the 

rd (For this is not necessary to realize 

again each station tests). If the figure is not the correct 
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one, should begin again the tests of each station 

transmitting the complement information. 

Chain.com game can be play by a maximum of 6 teams at 

the time, each one with a person that coordinates and 

verify the successful completion of the tests. 

The total time for the game is 30 minutes, with a pause of 

5 minutes at 20 minutes of game, in which participants 

have the possibility of a team meeting to propose a new 

strategy and exchange roles in the communicative chain. 

The winner team will be the one that complete all the 

figures of the board or the one that has more correct 

figures, in a maximum time of 30 minutes. 

6. RESULTS AND CONCLUSIONS 

A test of the game in its final version was applied to a 

group of 20 students of the subject management games of 

postgraduate programs, in National University of 

Colombia, Medellin Campus, Minas faculty. The 

objective was show and demonstrates to participants the 

importance of communication in teamwork and to 

validate the game. 

5 groups of 4 persons each one are formed and randomly 

each participant is assigned to a station of the game. 

When finishing the game, an inquest was made to each 

participant.  

Information about each figure was transmitted in a 

different way between the members of the team, in the 

following order:   

Figure 1: Talking. 

Figure 2: Writing, only words. 

Figure 3: By signals.

Figure 4: Writing, only symbols.

Figure 5: Talking. 

Some of the results and comments obtained during the test 

of the game are: 

85% of participants identified during the game verbal and 

non verbal communication, 75% identified the necessity 

of teamwork and 60% identified the elements and roles in 

a communication process, achieving the instructional 

objectives of the game. See Figure 5. 

Figure 5. Concepts identified in the game Chain.com

30% of participants considered the written communication 

as the most difficult and 65% the communication by 

signals. Non participant considered difficult the spoken 

communication, although in team results is possible to see 

that most of the teams had to do several attempts before 

finding the correct figure when team member had to 

transmit information by talking. See Figure 6. 

Participants expressed that spoken communication is not 

complex, but when transmitting information it is not made 

in an exact and concisely way, so this form of 

communication became inefficient and ineffective 

because team members needed to make several attempts, 

taking long time, before transmitting the correct 

information to find the chips and complete the board. 

Written communication is difficult for participants, 

because they expressed that is hard to understand ideas of 

other participants and sometimes there are other factors 

involved that influenced communication in a negative 

way as different letter types, unnecessary repetition of 

ideas or the extent of writing, which causes an increase of 

time and effort and evidences a failure and inability of 

participants to communicate written ideas in a clearly and 

concisely way. 
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Figure 6. Communication considered complex in the game Chain.com.

Communication by signals is difficult for participants, 

mainly because most of the time it is not used by itself, it 

is use as a complement to other types of communication 

as oral, although it is difficult to find a common pattern to 

use between all participants, because not all of them 

understand the same things. 

The most frequently observed error was at the beginning 

of the game, because most of the participants measured 

the chips with their hands or fingers, without taking into 

account that the measure is different in each participant, 

demonstrating a failure in obtaining communications 

patterns. Non participant used a different object as pencil, 

paper or other to communicate the necessary information. 

With the results and comments is concluded that the game 

Chain.com, meets its objectives and could be a valuable 

tool to diagnose and analyze the performance of 

communication in team work. 

7. FUTURE WORK 

The next step in the validation of the game Chain.com, is 

the application in different social groups (men, women, 

students, executives, employees, and some others) to 

obtain results and conclusions of the way people 

communicate and a tool to diagnose and improve 

performance of communication in teams. Then the 

objective is to create an online game, that can be play 

anywhere in the world, to obtain results and a pattern of 

knowledge.  

From this research, arises the intention of do a joint job 

between experimental economics, game theory and 

management games, with the methodology used in this 

paper. 
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Abstract—As  software  development  becomes  more
collaborative,  all  aspects  of  software  engineering  and  their
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In this paper we present an updated survey of key concerns,
known  challenges,  and  potential  alternative  solutions,
addressing a number of new issues and opportunities. 
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I.  INTRODUCTION 
Inter-organizational cooperation in software product and tool

development  has  proliferated  throughout  the  industry  and  has
become the “de-facto” business model [15, 30].  Continuing trends
for  outsourcing  and  offshoring,  subcontracting,  and  academic-
industrial  collaboration,  plus  increasing  sophistication  and
specialization of business software (and for that matter,  most of
knowledge-intensive  software),  make  an  ever  stronger  case  for
close inter-institutional collaboration throughout the development
process.  While legal constraints and environmental support, along
with  a  number  of  management  issues,  appear  to  be  the  most
substantial  challenges,  we  contend  that  all  aspects  of  software
development  need  to  be  re-examined and  revised  to  effectively
address  end-to-end  collaboration.   In  this  paper,  we  consider
collaborative development of large, complex systems, with large or
complex components, which may however be feature- or service-
based, rather than resulting from a functional decomposition, and
in contrast to projects that can be handled as supply-chain or other
simpler structures [34,42].

A key challenge in multi-organizational collaboration efforts
is that institutional and team responsibilities need to be assigned
early in the project inception phase, which requires the scoping,
decomposition  of  the  product  and  the  definition  of  the  overall
project structure to be established well before the application and
often  the  technology  to  be  developed  is  even  marginally
understood,  but  after  the  parties  have  agreed  to  enter  into  a
collaborative venture. 

That,  especially  in large,  complex or innovative projects, in
turn  requires  flexibility  in  defining  the  scope  and  allocation  of
responsibilities  in  interactions  between  teams  and  partnering
institutions.   In  development,  it  further  requires  flexibility  in
defining  component,  subsystem  and  feature  boundaries,
understanding that the best high-level decomposition may not be
the  optimal,  but  also  be  driven  by  management  objectives,
technical  expertise,  resources,  and  other  considerations  in  the
individual  organizations,  and  perhaps  as  importantly,  by  the
relative stability and simplicity of the interfaces between partner
components.  Any  tradeoffs  evidently  should  not  devalue  the
collaboration  below  any  established  cost/benefits  threshold  or
jeopardize the system objectives.  This is a critical consideration in
assembling the collaborative venture at the start.

A notable current trend in both the technical and management
aspects of software development is flexibility.  In the requirements
and development segments, this often involves some form of agile
development.   Agile  frameworks  accommodate  changing
requirements  through  continuing  customer  involvement,  self-
organizing  closely  collaborating  cross-functional  teams,  short
iterations, application of technical practices such as test-driven and
acceptance test-driven development, test automation and continues
integration, as well as through avoiding unnecessary specification
and upfront extensive analysis.  However, agile development may
not  work  well  as  the  sole  process  model  even  within  a  single
organization  [2,  6].   Agile  methods  bring  the  much  needed
flexibility  but  given  the  constraints  of  multi-organizational
collaboration,  we  expect  that  instead  a  typical  collaborative
development  effort  will  support  local  agility  within  partner
components,  paired  with  a  more  tightly  controlled  flexibility  at
organizational  and  corresponding  component  and  subsystem
boundaries and interfaces. 

In the body of the paper, we very briefly consider a number of
policy, artifact, and process issues that need to be resolved to foster
and  optimize  both  the  eventual  products  of  the  collaborative
venture and the health of the collaboration itself.  Addressing these
issues  complements  rather  than  competes  with  selection  and
establishment  of  a  good  collaborative  platform,  development,
production and enterprise-level social and tool environment.  Tools
address the question of how collaborative work is to be supported,
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whereas our concern here is focused on what needs to be done to
allow  the  process,  product  and  partnership  to  succeed,  and  to
provide  a  new  scientific,  technological,  and  business  practices
asset base to allow software enterprises and in particular small-to-
medium  software  engineering  and  computer-based  application
firms  to  collaborate  and  to  establish  themselves  as  innovation
drivers  and  significant  players  in  the  area  of  future  Internet
enterprise  systems.   (This  paper  revisits  and  extends  an  earlier
survey, presented at ICSSEA 2010 [14], in part to incorporate a
great deal of recent  work on interoperability  and the use of the
cloud for collaboration, and in part as a result of additional work
by us and by others in the intervening two-and-a-half years.)

II. EARLY BUSINESS POLICY DECISIONS AND INTEROPERABILITY

In a collaborative software development project,  several key
decisions must be made prior to anything but the earliest vision of
a  system/product  and  its  business  case,  either  during  project
initiation by the individual partners, or very early in the inception
phase.  The first, of course, is determining whether to collaborate,
how  to  collaborate,  and  with  whom  [34].   Assuming  a  fully
collaborative  project,  decisions  must  be  made  in  several
dimensions, before or during project inception: responsibilities in
the  collaboration,  resource  acquisition  and  management,
establishing  or  reinforcing  trust  and  familiarity,  process  and
platform  consistency,  and  protection  of   security,  intellectual
property,  and  general  interests  of  the  partners  and  other
stakeholders [35, 37].

Responsibility  and  resource  issues  include  (1)  a  policy  on
sharing  of  resources,  including  key  personnel,  and  on  cross-
organizational  discipline-specific  collaboration  [7],  and
(2) responsibility for the cost of new shared tools, personnel, and
resources.  Business project support includes (1) establishing risk
management plans and management contingency policies for the
collaboration, and (2) establishing a venue or process for mediation
and arbitration, as well as (3) creating inter-organizational plans
for  cross-sensitizing,  communication  and  training,  and  (4)
establishing  a  procedure  for  interaction  with  the  customer  and
other stakeholders—who should not be confused and overwhelmed
by multiple contacts with different organizations.

Process  and  platform  technical  support  includes  (1)
standardization  of  platforms,  tools,  and  processes—or  at  a
minimum alignment and support of standard and consistent views,
(2)  creating  a  shared  software  configuration  management
environment,  and  guidelines  for  sharing  of  artifacts,  and  (3)
determining a level of agility and a level of formality—locally and
at  interfaces  [9,  16,  28,  39].   Finally,  collaboration  must  be
supported  by  seeking  and  maintaining  steady  buy-in  from
management,  technical  staff,  IT  and  legal  departments,  while
respecting the interests of the individual partners and stakeholders.

In recent years, the concept of interoperability [5, 19, 31] has
grown from a focus on technical compatibility to include cultural,
knowledge  and  risk,  business  and  strategy,  and  ecosystems
interoperability,  and  to  address  communication  in  a  very  broad
sense—culture, trust, social networks and other social exchanges—
as well as security and use of the cloud.  The cloud is important for
collaboration,  providing  a  (potentially  secure)  location  for  the
location  of  collaborative  resources,  artifacts  and work products,
including collaborative  configuration  management  and  a  neutral
and (ideally) trusted site to measure activity for the purposes of
credit and use assessment, at least of explicit knowledge.  

Finally,  collaboration  introduces  a  much wider  sense  of  and
scope for exceptions [32], not only in the discovery and handling of

run-time  exceptions  and  exceptional  flows  during  software
development and deployment, but also for business and technical
practices and processes, knowledge and risk management, and other
phases and aspects of a collaborative project.  Beyond those that
arise from product requirements, one will need to handle exceptions
arising from incomplete or inexact specification of partner rights
and responsibilities, misunderstandings or failures in fulfillment of
those  rights  and  responsibilities,  and  failures  to  establish  true
interoperability in some—not necessarily technical—aspect.

III. REQUIREMENTS AND KNOWLEDGE MANAGEMENT

Incomplete, imprecise or changing requirements interact with
the  initial  architectural  decomposition,  affected  by  missing
knowledge,  dynamic  information,  or  the  need  for  knowledge
integration  and  synthesis.  Hence,  means  for  iterative  discovery,
analysis, knowledge building, and delivery become essential. First,
support  for  dynamism  in  defining  features  and  components  is
needed  [41].   Collaborative  projects,  because  of  their  highly-
distributed  work  processes,  must  employ  mechanisms  for
continuous  requirements  clarification  between  separated
development teams, and support knowledge flow between partners
and with collaborative artifacts and interfaces [16, 27, 28].  As a
substitute  to  face-to-face  communication,  which  is  hard  to
establish  and  maintain  in  such  projects,  enhanced  requirements
tracing  should  be  used  to  afford  an  efficient  means  to  clarify
requirements and address the related risks of misinterpretation [11,
13].

Second,  approaches  must  be  developed  for  collaborative
knowledge  discovery  and  integration,  and  collaboration  in
detecting and proactively managing unknown risk (compare [33,
34, 37]), while addressing risks to security, privacy and intellectual
property,  either  inherent  in  the  sharing  and  integration  of
knowledge,  or  from  this  coordination  itself.   Third,  complex
systems working within dynamically  changing environments are
influenced by inbound influences and outbound impact—beyond
their functional interfaces—that cannot be fully anticipated, but to
which they  need to  adapt.  These  inbound and outbound factors
may introduce risks or opportunities, and may be well, or partially,
or even not at  all  understood in advance. As result,  support  for
adaptability  becomes  a  major  operational  requirement  and
consideration.

A clear need is to link flexible approaches, including agility,
from software engineering frameworks with the collaborative trust
paradigm from the organizational sciences, knowledge exploration,
augmentation  and  exploitation  concepts  from  knowledge
management, and ideas from interoperability, cloud computing, the
Internet of services, and software-as-a-service.

Finally, the issue of ownership of integrated, collaborative and
emergent  knowledge,  rights  to  the  use  of  intellectual  property
generated  by  the  collaboration,  and  mutual  obligations  in  the
knowledge framework, will inherently involve technical, business
and legal considerations [29].

IV. ARCHITECTURE, ANALYSIS AND DESIGN

The large-scale organization of the product—its architecture—
is  partially  determined  by  (or  along  with)  the  high-level
decomposition  and  definition  of  interfaces  between  components
developed  by  different  parties—compare  [12].   Although  the
parties  could  use  different  architectures  within  their  own
components,  interoperability is  widely recognized as a necessity
for successful collaboration.  Uniformity (or at least consistency)
of architecture, of process and of development platform increases
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communication bandwidth through shared vocabulary and mental
maps  and  reduces  miscommunication;  supports  better  software
configuration  management  and  flexible  interfaces,  facilitates
knowledge  discovery  and  integration;  and  enables  evolution,
scalability and other non-functional properties. Most collaborative
ventures  will  benefit  from  a  scalable  architecture  with  some
measure of agility within components and flexibility across their
boundaries. Uniformity of platform and practice may be facilitated
through the cloud and interoperability standards such as [5], but
these  must  be  supplemented  with  collaborative  artifacts  and
structures,  and  through  examination  of  a  number  of  the  issues
discussed here.

Agile development practices, if used, will have impact as well.
[6,  8]  suggest  approaches  for  extending  agility  to  widely
distributed and collaborative ventures.  Assuming an incremental
iterative (if not fully agile) collaboration requires changes both in
artifacts  and  in  the  activities.  The  most  important  from  an
architecture  and  design  point  of  view is  that  there  will  be  two
distinct  if  sometimes  overlapping  workflows:  the  first,
determining  relatively  stable  high-level  components,  boundaries
and interfaces, and a second, determining the internal organization
of those components, both of which can run in iterations gradually
addressing additional aspects, features and requirements or adding
more details.

If  feature-based  partitioning  of  the  work  is  being  used
(preferred  by  some  agile  teams  and  organizations)  instead  of
component-based one, and features cross components’ boundaries,
then  a  common  development  environment,  for  example,  cloud-
based, becomes essential.  In such cases component and interface
guardians  may  need  to  be  selected  to  assure  coherent  and
consistent designs and implementation of individual components.
If cross-cutting features are to be implemented with aspects [21],
implementation  needs  either  to  be  localized  into  individual
components (and possibly interfaces), or raises another dimension
of coordination and interoperability.

Inter-component interfaces must be flexible enough to support
at  a  minimum  handling  of  newly  discovered  exceptions  and
alternate flows, and to permit exchange of metadata and system
information [  17,  26,  28]  for  cross-component  optimization and
refactoring [8], without initially requiring communication of large
amounts of such information, only a small fraction of which may
actually be useful.  Such interfaces can be extended to process and
business objects,  to support other activities and artifacts such as
cross-component traceability and policy localization/specialization.
On  the  other  hand,  the  partition  into  components  cannot  be
considered “sufficient to proceed” without at least some analysis of
component  responsibilities.  These  cannot  be  determined without
considering both structural factors such as internal cohesion and
cross-component  coupling,  in  order  to  limit  the  cross-
organizational footprint of change, and policy and resource factors
such as division of labor and availability of expertise. 

Achieving a consistent architecture in a collaborative project,
however, is not a trivial issue even when standard tools, e.g., UML
and  SysML,  are  being  used,  and  when  knowledge  and  risk
management are fully interoperable. The impact of defect models
has to be investigated [22].   Furthermore, implications of model
defects for implementation need to be understood.

V. TESTING 
Testing is inherently a collaborative activity [43]. It depends

on close collaboration between teams and team members and often
involves interactions with customers. Thus policy and governance

rules similar to the ones related to requirements apply and need to
be addressed accordingly.

Testing is ongoing, multilayered (unit, integration, acceptance)
and  should  be  automated.  The  organization  of  testing  activities
highly  depends  on  the  project  partitioning  model,  the  process
models (development frameworks) used by the individual partners,
the  architecture  of  the  product,  the  organization  of  the
collaborative  partnership,  and  the  allocation  of  responsibilities.
Unit level testing is essential and remains a local responsibility,
while  the  responsibilities  for  integration  and  acceptance  testing
have  to  be  agreed  on  as  part  of  the  collaborative  partnership.
Integration  testing  across  organizational  boundaries  may require
additional  planning,  testing  effort,  coordination,  and  sharing  of
testing strategies and resources. Not only does integration testing
have  to  work  across  organizational  boundaries,  but  in  addition
responsibilities for debugging and fixes must  be assigned across
those  boundaries.  Further,  if  more  sophisticated  and  stateful
interfaces or interaction patterns, such as those in [17, 27] are used,
then interfaces themselves must  be  subject  to  unit  testing.  Also
regression testing for changes that affect interfaces and possibly
cross  component  boundaries  will  only  be  as  effective  as  cross-
component  dependence  analysis  and  traceability  allow  [17].
Acceptance  testing  reintroduces  the  issue  of  customer  and  user
interaction and of indirect contact with the customer.  Finally, to
the  extent  that  knowledge  management,  interoperability  and/or
collaboration require new or modified tools, those tools themselves
will  need  to  be  tested—ideally,  both  alone  and  integrated  with
product components.

Any selected testing model will place specific requirements on
the development, build (including continuous integration), revision
control  and  change  management  environments.  For  example,
continuous  or  early  system  and  stress  testing  will  require
continuous  integration  or  early  integrated  builds  of  the  entire
product.  The effectiveness of the testing will depend not only on
test automation, but also on good global revision control, change
management, and traceability tools.

The  testing  practices  have  to  be  well-aligned  with  the
requirements and feature definition and scoping methods and will
depend on the development approach. And while full deployment
of agile frameworks such as SCRUM [23, 24] across all partners of
a  multi-organizational  collaboration  project  may  not  be  feasible
(due to organizational management,  legal and other constraints),
implementing agile test-related engineering practices is arguably a
good  fit.  For  instance,  ATDD  (Acceptance  Test  Driven
Development)  [24,  38]  provides for  good ongoing collaboration
within the teams as well as with the customers.

VI. METRICS AND EVALUATION

There are four major  issues for  collaboration-aware  metrics:
the  definition  and  selection  of  metrics,  the  gathering  of  data
(measurement) for the metrics, and analysis and interpretation of
the resulting measures, and finally the identification (and partner
acceptance) of the need for additional focus and resources, and of
required  steps  for  remediation  or  improvement.  Just  as  testing
consists  of  unit  testing,  integration  testing,  and  system/project
testing, metrics for a collaborative project will include component
metrics,  organizational  metrics  (since  an  organization  may  be
developing  more  than  one  component),  and  global  metrics,  for
product, project, and process alike.

Evaluation  for  and  within  collaborative  systems  requires
metrics that (1) accommodate collaboration, (2) measure readiness
for collaboration and the effectiveness of the collaboration,  and
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(3) identify business policy/process and software process obstacles,
and  driving  forces  and  enablers  for  collaboration  [3,  18,  36].
Metrics  for  collaboration  are  needed for  pre-collaboration,  mid-
collaboration, and post-collaboration, and must measure not only
technical  success,  but  also  business  and  other  aspects.   For
accommodation, existing metrics (whether used locally or for the
entire project) must be modified or re-interpreted, and new metrics
may be needed [20].  For example,  effort  and resource estimates
must account for the impact of collaboration. On the other hand,
cost  estimates  and  measures  can  be  used  to  evaluate  the
effectiveness  and  overhead  of  collaboration,  and  also  to  guide
project restructuring and system refactoring.  Still  other existing
metrics may no longer be useful in a collaborative setting, or may
need to be retired or replaced.

Ideally,  one  would  like  to  be  able  to  estimate  the  cost  of
developing a project in isolation, and compare with the costs of the
collaborative  venture.   Even  an  approximate  heuristic  may  be
difficult  to  establish,  however,  since  additional  resources  and
training,  as  well  as  opportunity  loss  if  single-organization
development took longer or used substantially greater resources,
impose additional  costs,  and establishment  of  relationships with
other organizations may create ongoing benefits, while the cost of
loss of knowledge and intellectual property, especially implicit and
tacit knowledge, may be hard to quantify, or to measure against the
gain in knowledge from partners and the collaboration itself.

Readiness metrics must measure not only technical readiness,
but  management  support  for  collaboration.  Finally,  while  data
collection is not a serious problem for local metrics, comparison of
measures  or  computation  of  global  metrics  necessitates
development  of  guidelines  and  practices  for  uniform collection.
Responsibility for collection of the relevant information must be
assigned (to an organization or a tool), and consideration must be
given as  to  the  proper  encoding and weighting  of  the  resulting
measures.

VII. MAINTENANCE AND EVOLUTION

Post-release responsibilities for maintaining a large,  complex
and strongly interacting system raise new issues for collaborative
development.  First, the lifetime of the system or product line may
be  longer  than  the  lifetime  of  the  collaboration.  Also,  a  single
change  may  require  small  changes  in  a  large  number  of
components. Finally, there is a timing issue: other than for major
faults  or  security  threats,  changes  can  often  be  deferred.  Key
questions are (1) Who is responsible for determining that a change
is needed, and when the change should be made? (2) How will the
nature and locations of the needed changes be determined? and (3)
Who will be involved in implementing and in testing the changed
system?   These  questions  tie  into  both  the  need  for  global
traceability/dependence  analysis  [17]  and  arbitration  [33],  and
especially  questions  of  ownership  and  access  to  integrated,
collaborative and emergent knowledge and intellectual property. 

Perfective  maintenance,  as  well  as  reuse,  often  involves
refactoring.   Local  refactorings,  assuming  flexible  interface
structures (e.g., Façade and Adapter design patterns), is typically a
local  matter.   But  refactoring  across  interfaces  or  changing
component  responsibilities  will  again  involve  negotiation  and
determination  of  responsibilities,  and  significant  intellectual
property issues if one or more of the partners is no longer involved
in the collaboration—and even more so if the partner is no longer
doing business but retains IP interests in the product.

VIII. IT AND COMMUNICATION SUPPORT

Formal  and  informal  communication  links  between  partners
form one of  the  four  key  factors  in  collaborative  success,  after
management  and technical  competence,  collaboration-aware  risk
management,  and  a  collaboration-friendly  management  and
technical environment.  The success of any collaborative venture
depends on availability of multiple forms of communication and
meeting  support,  and  technical  and  managerial  support  by  IT
departments  and  staff.   The  development  environment  should
provide for sharing of code, test structure, design artifacts, and so
on,  preferably in  shared tools  or  views.   The Cloud and virtual
environments provide additional opportunities and resources, with
some associated risks.

IT  is  also  responsible  for  implementing  security,  access
control,  intellectual property and privacy protections,  knowledge
management,  etc.  Typically  a  layered or  hierarchical  permission
structure will  be required, allowing sharing of some information
(or summaries) with collaborators but not outside world, as defined
by  rules  and  policies  in  the  collaboration  agreement.   As
mentioned above, the cloud may provide an opportunity to avoid
some risks,  by  isolating  collaborative  knowledge  and structures
away from partner  resources.   This  issue needs  a  great  deal  of
future attention.

IX. PROCESS COMPLIANCE AND OPTIMIZATION

Both  product  and  process  in  software  development  are
frequently held to standards, whether internal,  industry-based, or
required by the customer or by regulation.  In the first three cases,
both product and process compliance can follow a structure much
like  that  we  propose  for  risk  management  [33]:  Internal
compliance checking by each party, mutual checking at interfaces,
and  a  mechanism  for  arbitration  and  negotiation.   In  some
situations, review by a certified third party may also be required.
Additional  issues  include:  obstacles  arising  from  internal
standards, process or artifact inconsistency, and compliance scope
across  national  boundaries.   The  cloud  and  interoperability
standards are likely to introduce further compliance issues as their
use becomes more standard and more regulated.  Finally, technical
process  and  business  policy  optimization  resembles  perfective
maintenance—very important  and usually  beneficial,  but  neither
urgent nor worry-free, and therefore requires a similar process.

X. BUSINESS PROCESS ISSUES AND MANAGEMENT CONTINGENCY

PROCESSES

Business management in a collaboration handles the standard
tasks for management of software projects—personnel, budget and
schedule tracking, and so on.  Beyond these, in the literature and in
our previous work [33, 35, 37], the most significant policy issues
for  collaboration  are  identified  as  (1)  creating  and  maintaining
trust,  (2)  handling  differences  in  language  and  culture,  both
organizational and social,  and (3) maintaining corporate support.
In  addition,  management  processes  must  assure  the  continuing
quality  of  risk  management  and  communication,  and  deal  with
problems  and  changes  in  the  set  of  partners  and  with  non-
fulfillment  of  partner  responsibilities.   Corporate  support  for
complex  collaboration  may  need  to  overcome  resistance  from
managers,  lawyers  and  other  professionals  more  used  to  the
simpler  demands  of  supply-chain  collaboration.   On  the  other
hand, the growing use of the cloud may reduce IT and management
resistance to some forms of sharing and to communication across
institutional firewalls.
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XI. SECURITY, PRIVACY AND INTELLECTUAL PROPERTY

Collaborative processes need knowledge from diverse sources,
some  of  which  raise  specific  security,  privacy,  or  intellectual
property  concerns:  product  information,  process  information,
platform and tool information, and recent corporate decisions and
history.  Use of such information, and more general concerns about
such  issues  tend  to  harden  management,  IT,  and  legal  expert
resistance,  and  to  inhibit  collaboration.   These  issues  must  be
addressed  along  both  corporate  (social/economic/legal)  and
technical dimensions.

On  the  corporate  side,  consider  cost-benefit  analysis  for
various levels of information sharing, with restrictions on external
use of information gained. Sharing promotes trust and cooperation,
with the risk of high rewards for low contributions. This suggests a
differential  approach, in which information is layered, and inner
layers  revealed  only  as  a  partner  contributes.  However,  some
knowledge must  be shared  a priori,  since it  will  be required to
initiate the collaborative process or product inception.  In addition,
changes  in  the  set  of  partners  can  pose  difficulties  for  this
approach.

Technically, there are at least two aspects in alleviating these
problems: first, selection or development of filters, abstractions, or
views  of  information  so  that  useful  but  safe  summaries  are
available to collaborators and customers; and second, selection of
publicly  available  or  sharable  tools  and methods through which
information can be imported and exported. These of course must
complement use, undertaken and certified by all collaborators and
other stakeholders, of standard secure mechanisms for data storage
and information transmission, to address third-party threats. This is
especially  important  for  the  development  and  communication
platforms.   Successful  collaboration  must  rely  on  a  shared  and
uniform view of  important  artifacts,  and on rapid,  reliable,  and
secure broad-spectrum communication, both formal and informal.

As  mentioned  above,  the  cloud  and  standards  for
interoperability are likely to help overcome resistance to controlled
sharing of  information,  but  do not,  in  our  opinion,  do much to
address  the  difficulties  arising from the need to  share complex,
structured  information,  the  difficulty  in  handling  integrated,
collaborative,  or  emergent  knowledge,  or  the  problems  arising
from management of intellectual property.  In addition, the cloud
and artifacts required for interoperability do not resolve, and may
well exacerbate, security and privacy concerns.

XII. RELATED WORK AND CONCLUSIONS

Most of the existing literature on collaboration considers intra-
organizational  collaboration,  or  focuses  on  selected  aspects  of
inter-organizational interaction. This paper in contrast specifically
addresses inter-organizational collaboration from a broad,  multi-
faceted and systemic point of view.  Incorporating agile practices
in intra- or inter-organizational collaboration is discussed in [5, 8,
10,  25,  26].   Herbsleb  [12]  and  Whitehead  [43]  address  the
problems of collaboration, but largely within a single organization,
and primarily limited to tool support and software configuration
management, including expansion of the set of desirable artifacts;
changes  to  management  policy  and  perceptions,  and  in  the
software development process,  are also discussed.   Erickson [4]
and Schadewitz [40] provide patterns for component interfaces and
interactions.  But, other than in our previous work, there seems to
be  little  explicit  focus  on,  for  example,  collaboration-aware
metrics,  changes  in  testing,  knowledge  management  for
collaborative software development, or risk management per se.

There  are  two  other  major  sources  of  work  that  should  be
considered.   First,  there  is  a  great  deal  of  recent  work  on
interoperability [5, 19, 31] and, second, on the use of the cloud for
software development and for information sharing, including for
collaborative development [1, 42].

In  conclusion,  we  have  addressed  the  implications  of  inter-
organizational collaboration for a number of development aspects
—including  both  core  software  engineering  and  umbrella
activities.  Inter-organizational development and collaboration for
large,  complex  or  innovative  software  products  calls  for  new
approaches to  accommodate  both  organizational  differences  and
flexibility in development.  As we discuss, all aspects of software
development—technical, process, and management—are affected.
This paper outlines pressing issues and presents initial or partial
solutions in several areas.

REFERENCES 

[1] A.  Almutairi,  M.  Sarfraz,  S.  Basalamah,  W.  Aref,  A.  Ghafoor:  A
Distributed Access Control Architecture for Cloud Computing, IEEE
Software,  Volume 29, Number 2 pp. 36-44, March/April  2012.

[2] B. Boehm and R. Turner, Balancing agility and discipline: A guide
for the perplexed. Addison Wesley Professional, 2003.  

[3] C.  Cook and N.  Churcher:  Modelling  and  measuring  collaborative
software  engineering.  28th  Australasian  Conference  on  Computer
Science, Newcastle, Australia, pp. 267-276, January 2005.

[4] T.  Erickson,  Interactions  Design  Patterns  Page,
http://www.visi.com/~snowfall/InteractionPatterns.html, 2010.

[5] European  Commission:  Enterprise  Interoperability  Science  Base.
http://cordis.europa.eu/fp7/ict/enet/fines-eisb_en.html,  last  accessed
November 10, 2011.

[6] A. Filev, “Adopting and Benefiting from Agile Processes in Offshore
Software  Development,”  Microsoft  Architect  Journal,  2010,
http://msdn.microsoft.com/en-us/library/bb245671.aspx 

[7] D. Flynn, E. Brown, R. Krieg: A Method for Knowledge Manage-
ment and Communication within and across Multidisciplinary Teams,
KGCM 2008, June 2008.

[8] M. Fowler, Refactoring: Improving the Design of Existing Programs,
Addison-Wesley, 1999.

[9] M. Fowler, Using an Agile Software Process with Offshore Develop-
ment, 2010, http://martinfowler.com/articles/agileOffshore.html  

[10] K. B. Hass, The Blending of Traditional and Agile Project Manage-
ment,  PM  World  Today,  IX  (V),  May  2007,  http://www.pmfor-
um.org/library/tips/2007/PDFs/Hass-5-07.pdf 

[11] M. Heindl,  St.  Biffl:  Risk  Management  with  Enhanced Tracing  of
Requirements Rationale in Highly Distributed Projects.  Proceedings
of the 28th International Conference on Software Engineering, 20-28
May, 2006, Shanghai, China.

[12] J. D. Herbsleb, Global Software Engineering: The Future of Socio-
technical  Coordination,  2007  Future  of  Software  Engineering
(FOSE’07), Minneapolis, Minnesota, May 23-25, 2007.

[13] N.  Jastroch,  T.  J.  Marlowe,  Knowledge  Transfer  in  Collaborative
Knowledge Management:  A Semiotic  View,  Journal  of  Systemics,
Cybernetics and Informatics, Vol. 8 (6), pp. 6-11, 2010.

[14] N. Jastroch, V.  Kirova,  C.  S.  Ku, T. J.  Marlowe,  M. Mohtashami,
Software  Engineering  Must  Be Collaboration-Aware,  (Position  Pa-
per), Proc. of the 23rd International Conference on Software and Sys-
tems  Engineering  and  their  Applications  [ICSSEA],  Paris,  France,
December 2010.

[15] N.  Jastroch,  V.  Kirova,  C.  Ku,  T.J.  Marlowe,  M.  Mohtashami,  S.
Nousala, Inter-organizational Collaboration: Product, Knowledge and
Risk, Journal of Systemics, Cybernetics, and Informatics, Vol. 9 (5),
30-35, Special Issue on Collaborative Enterprise, December 2011.

[16] N. Jastroch, V. Kirova, T. Marlowe, M. Mohtashami, Dams, Flows
and Views: Cross-Aspect Use of Knowledge in Collaborative Soft-
ware Development, Journal of Systemics, Cybernetics, and Informat-

285

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



ics,  Vol.  9  (5),  36-40,  Special  Issue  on  Collaborative  Enterprise,
December 2011.

[17] V.  Kirova,  T.  Marlowe,  Prendre  en  compte  les  changements  dy-
namiques dans le développement cooperative du logiciel, Génie Logi-
ciel, Decembre 2008, Numéro 87, pages 15-25.

[18] G.L.  Kolfschoten,  P.B.  Lowry,  D.L.  Dean,  M.  Kamal:  A
measurement  framework  for  patterns  of  collaboration.  HICCS
Working  paper,  May  2007.
http://www.hicss.hawaii.edu/Reports/41CEWorkshop.pdf  (accessed
January 2012). 

[19] F.  Koussouris,  F.  Lampathaki,  S.  Mouzakitis,  Y.  Charalabidis,  J.
Psarras:  Digging  into  real-life  enterprise  interoperability  areas  -
definition and overview of the main research areas. Contributed to the
CENT 2011 Symposium, in: Proceedings of the 15th World Multi-
Conference  on  Systemics,  Cybernetics  and  Informatics  (WMSCI
2011), Vol. II, Orlando FL, July 2011.

[20] C. S. Ku, T. J. Marlowe: Software metrics for collaborative software
engineering  projects.  Invited  Session  on  Collaborative  Knowledge
Management  (CKM  2010),  Proceedings  of  the  4th  International
Conference  on  Knowledge  Generation,  Communication  and
Management (KGCM2010), June-July 2010.

[21] R. Laddad, Aspects in action: Practical aspect-oriented programming,
Manning, 2003.

[22] C.  Lange,  M.Chaudron:  Effects  of  Defects  in  UML Models  –  An
Experimental  Investigation.  Proceedings  of  the  28th  International
Conference  on Software  Engineering,  20-28 May,  2006,  Shanghai,
China.

[23] C.  Larman  and  B.  Vodde,  Scaling  Lean  &  Agile  Development:
Thinking and Organizational Tools for Large-Scale Scrum, Addison-
Wesley Professional, 2008.

[24] C. Larman and B. Vodde, Practices for Scaling Lean & Agile Devel-
opment:  Large,  Multisite,  and Offshore Product Development  with
Large-Scale Scrum, Addison-Wesley Professional, 2010.

[25] D. Leffingwell, Agile Product Manager in the Enterprise (2): A Con-
temporary  Framework,  The  Blog:  Best  Practices  for  Large  Enter-
prises,  May  19,  2009,
http://scalingsoftwareagility.wordpress.com/2009/05/19/agile-pro-
duct-manager-in-the-enterprise-2-a-contemporary-framework/ 

[26] K. MacIver, The Agile Revolution, 14 July, 2008, http://www.inform-
ation-age.com/channels/development-and-
integration/features/451431/the-agile-revolution.thtml

[27]  T. J. Marlowe, V. Kirova, Addressing Change in Collaborative Soft-
ware  Development  through  Agility  and  Automated  Traceability,
WMSCI 2008, 209–215, Orlando, USA, June-July 2008.

[28] T. J. Marlowe, V. Kirova, High-level Component Interfaces for Col-
laborative Development: A Proposal, Journal of Systemics, Cybernet-
ics, and Informatics, 7 (6), pages 1-6, 2009.

[29] T.J. Marlowe, N. Jastroch, V. Kirova, M. Mohtashami, A Classifica-
tion of Collaborative Knowledge, Journal of Systemics, Cybernetics,
and Informatics, Vol. 9 (7), 2011.

[30] T.J. Marlowe, N. Jastroch, S. Nousala, V. Kirova, The Collaborative
Future, invited summary  article,  Journal of Systemics,  Cybernetics,
and Informatics, Vol. 9 (5), 1-5, Special Issue on Collaborative Enter-
prise, December 2011.

[31] T.J. Marlowe, N. Jastroch, S. Nousala, V. Kirova, Complex Collabor-
ation,  Knowledge  Sharing  and  Interoperability,  submitted  to
ICE2012.

[32] T.J.  Marlowe,  N. Jastroch,  V. Kirova,  An Approach for Discovery
and  Handling  of  Exceptions  in  Inter-Organizational  Collaborative
Software  Development,  submitted  to  Workshop on Exceptions and
Exception Handling, International Conference on Software Engineer-
ing, 2012.

[33] M. Mohtashami, T. Marlowe, V. Kirova, F. Deek, Risk Management
for Collaborative Software Development, Information Systems Man-
agement, 25 (4), 20–30, Fall 2006. 

[34] M. Mohtashami, T. Marlowe, V. Kirova, F. P. Deek, A Comparison
of Three Modes of Collaboration, 15th Americas Conference on In-
formation Systems (AMCIS 2009) [CD-ROM], August 2009. 

[35] M. Mohtashami, T. Marlowe, V. Kirova, F. Deek, Risk-Driven Man-
agement  Contingency Policies  in  Collaborative  Software  Develop-
ment,  40th  Annual  Meeting  of  the  Design  Sciences  Institute  (DSI
2009) [CD-ROM], New Orleans LA, November 2009.

[36] M. Mohtashami, C. Ku, T. Marlowe, Metrics Are Needed For Collab-
orative  Software  Development,  Journal  of  Systemics,  Cybernetics,
and Informatics, Vol. 9 (5), 41-47, Special Issue on Collaborative En-
terprise, December 2011. 

[37] M. Mohtashami, T. Marlowe, V. Kirova, F. Deek, Risk-Driven Man-
agement  Contingency Policies  in  Collaborative  Software  Develop-
ment, International Journal of Information Technology and Manage-
ment, Volume 10 (2-4), p 247-271, 2011. 

[38] N.  Nagappan,  E.  M.  Maximilien,  T.  Bhat,  L.  Williams,  Realizing
quality improvement through test driven development: results and ex-
periences of four industrial teams, Empirical Software Eng., 13:289–
302, 2008.

[39] J.  Pollock,  R.  Hodgson,  Adaptive  Information.  Wiley-Interscience,
2004.

[40] N. Schadewitz, Cross-Cultural Collaboration,  http://crossculturalcol-
laboration.pbworks.com/FrontPage

[41] K. Sullivan: Adaptation Architectures. Proceedings of the Third Inter-
national Conference on Design Science Research in Information Sys-
tems and Technology. (V. Vaishnavi & R. Baskerville, Eds). May 7-
9, 2008, Atlanta, Georgia: Georgia State University.

[42] G.  Teichmann,  E.M.  Schwartz,  F.M.  Dittes:  Collaborative
Engineering of Inter-Enterprise Business Processes. Special Issue on
Collaborative  Enterprise,  Journal  of  Systemics,  Cybernetics,  and
Informatics (JSCI), Vol. 9 (5), p. 57 – 64, December 2011. 

[43] J.  Whitehead,  Collaboration in Software  Engineering: A Roadmap,
2007  Future  of  Software  Engineering  (FOSE’07),  Minneapolis,
Minnesota, May 23-25, 2007.

286

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



The Multi-dimensional Unified Process for
Inter-Organizational Collaborative Software Development

Research Abstract

Cyril S. Ku
Department of Computer Science

William Paterson University
Wayne, NJ 07470, USA

kuc@wpunj.edu

Thomas J. Marlowe
Department of Mathematics and

Computer Science
Seton Hall University

South Orange NJ 07079, USA
thomas.marlowe@shu.edu

Vassilka Kirova
Alcatel-Lucent

600-700 Mountain Ave.
Murray Hill NJ 07974, USA

vassilka.kirova@alcatel-lucent.com

Norbert Jastroch
MET Communications GmbH

Eschbacher Weg 10
61352 Bad Homburg, Germany

norbert.jastroch@metcommunications.de

Abstract—Software development process is collaborative in
nature, especially for large, complex, and innovative systems.
From  requirements  acquisition,  analysis  and  specification,
software design, to deployment and maintenance; many teams
with diverse expertise are involved in the process. Lately, the
collaborative process has shifted from intra-organizational to
become more inter-organizational and often inter-cultural and
international.  The  Unified  Process  is  one  of  the  software
development  models  that  captures  the  incremental  and
iterative nature of software development. In this abstract, we
explore  the  extension  of  the  Unified  Process  from  the
traditional 2-dimensional model to a multi-dimensional model
to  specify  the  inter-organizational  collaborative  aspect  of
software development and management. 

Keywords-Collaboration,  Collaborative  Software
Engineering,  Software  Development  Process,  Software
Engineering, Software Engineering Model, Unified Process

I.  INTRODUCTION 
Collaborative  software  development  in  recent  years  has

become  increasing  popular  due  to  many  factors,  including  the
advanced  technology  of  computing  environments,  interfaces,
internet, network communication, wireless, and in combination of
economic  factors.  Many  organizations  take  advantage  of
technology progress and gain competitive edge in less expensive
labor markets and expertise by out-sourcing and/or off-shoring part
of their software projects. Sub-contracting and academic-industrial
collaboration  are  very  common  these  days.  Inter-organizational
collaborative  software  development  is  a  reality  and  software
engineering must be collaboration-aware [6]. It is logical to think
that  all  aspects  of  the  software  development  process  and  their
management need to incorporate and support inter-organizational
collaboration.

Software  engineering  models  are  the  abstraction  of  the
development  process,  specifying  what  the  process  involves  in
terms of development stages (life-cycle phases) and artifacts [3, 8,
11,  12,  14,  15].  We  have  1-dimensional  models  such  as  the

Waterfall  Model  to  the  more  modern  2-dimensional  models  of
iterative and incremental such as the Spiral Model, Agile Process,
Synchronize and Stabilize Model, etc. For object-oriented software
design and development,  UML [1, 8, 13] and the Unified Process
[3] have become the de facto standard.

The Unified Process is also a 2-dimensional model. Since it is a
popular  model  and  we  would  like  to  make  this  model
accommodate  the  inter-organizational  collaboration  aspect,  we
propose a multi-dimensional model for the Unified Process.

II. THE UNIFIED PROCESS

The Unified Process is a development-focused structure with
two  fundamental  dimensions:   the  technical  (workflow  or
discipline) dimension focuses on development activities,  and the
business  dimension  on  staging,  timeline  and  progress.   The
workflows  are  standardly  identified  as  (Business  Modeling,
Requirements,  Analysis  and  Specification,  Design,
Implementation, Testing, Maintenance), and correspond, more-or-
less, to the phases in the classical, waterfall model.  There are two
other  workflows,  at  least  in  a  general  sense,  Evolution  and
Reflection/Optimization.   Minor  evolutionary  changes—whether
adaptive, preventative, corrective, or perfective—fit well into the
iterative incremental model, while major evolution is, rather than a
workflow  within  the  development  process,  a  governor  of
transitions between product (or product line) iterations, resulting in
the creation of new variants or versions.

The  reflection  and  optimization  workflow  has  similar
characteristics—minor  changes  in  the  development  process,  or
business  rules,  processes  and  practices,  or  risk  and  knowledge
management can be incorporated (more or less gracefully) within
the development process, but major changes—either in magnitude
or direction—will probably have to wait for the transition between
iterations.   As  a  third  possibility,  identification  of  pervasive
problems  and  the  resulting  changes  may  require  revisiting  and
review or reworking of significant amounts of prior work.

Likewise,  six  distinct  business  phases  can  be  identified:
initiation,  inception,  elaboration,  construction,  transition,  and
maintenance  and  evolution.   The  middle  four  phases  are  the

287

Proceedings of The 16th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2012)



traditional  analysis,  design  and  coding  phases  identified  in,  for
example, [3,8].

Initiation comprises preparatory activities by the parties to a
software  development  venture—in  particular,  evaluation  of
enterprise models, expertise and preparedness, and development of
either a request for proposals/bids (by the client) or a proposal for
product  development  (by the developer),  entailing a preliminary
identification of product scope, and culminating in an agreement to
explore development.

Finally, everyone agrees that maintenance and evolution is a
necessary phase of the development process, requiring by far the
most  time and effort,  but,  since it  cannot  be scheduled in neat,
time-boxed  iterations  with  predefined  deadlines  and  milestones,
and because it is not, by definition, a front-end activity, it is often
not covered with the others.

III. THE MULTI-DIMENSIONAL UNIFIED PROCESS

A. Technical and Business Dimensions
The set  of  aspects/components in the  technical  and business

dimensions of the MUP is (at this time) largely unchanged from
the aspects mentioned above, although each aspect will have to be
enhanced  to  accommodate  collaboration.   For  example,  in  a
collaborative  venture,  the  set  of  partners  involved  needs  to  be
stabilized either during initiation, or very early in inception.

B. Collaborative Dimension
Many facets of a project will be affected by collaboration [4, 5,

6,  10].  There  will  be  some  new  activities,  and  some  standard
activities  will  need a  very  different  approach in  a  collaborative
setting.  

1. Partner  responsibilities,  policies  and  practices  [10]:
Management  issues,  team  organization,  project  scoping,
decomposition of project/product, project structure, responsibility
assignment,  responsibility  for  client  and  supplier  relationships,
responsibility for maintenance and evolution.

2. Partner  capabilities  and  resources:  Resource  assessment,
acquisition  and  training;  human  resources,  technical  expertise,
budget, hardware, software/application environment.  

3. Software  development  process:  Development  process
standardization,  interface  specification  and  first-class  interfaces
[9],  testing responsibilities including interfaces and cross-partner
integration testing. 

4. Knowledge  management  and  risk  management  [6,  10]:
Collaborative  risks  and  structures;  integrated,  collaborative  and
emergent  knowledge,  credit-use  assessment;  need  for  partner
internal component and business knowledge for focus, debugging
and maintenance, and quality assessment.

5. Quality assessment and consistency: Monitoring and metrics,
software configuration management.

These  issues  are  partly  addressed  by  interoperability  [2,  7],
which applies to most or all of these facets and dimensions, as well
as  some  mentioned  below.   However,  interoperability  is  more
focused on providing a platform and means of communication than
in solving the underlying problems.

C. Management Dimension
Technical  assessments  in  the  previous  sections  interact  with

and are  constrained  by  corporate  and other  issues  affecting  the

individual  partners  [5,  6,  10].   On  the  one  hand,  legal  issues,
security  and  intellectual  property  concerns,  management
objectives,  and systems objectives  constrain the  willingness and
ability of the collaborators, while trust and familiarity, formal and
informal  communication  frameworks,  the  existence  of
mediation/arbitration processes,  and the  like affect  the readiness
for collaboration and the success of a given collaboration.  Partners
will  of  course  apply cost/benefit  analysis,  including opportunity
and  risk,  in  deciding  whether  to  pursue  a  given  collaborative
venture.

D. Inter-Dimensional Relationships
There  are,  of  course,  multiple  dependences  between/among

artifacts  and  activities  in  these  dimensions--we  will  explore  a
number  of  these  in  the  presentation  and  full  paper.   For  one
example,  the  initial  partition  of  responsibilities  and  decision  to
proceed with both the venture and the collaboration is central to
initiation  and  inception  in  the  Business  Dimension,  to  business
modeling and requirements analysis in the Technical Dimension,
to  knowledge  management  and  risk  management  in  the
Collaborative Dimension, and to security and intellectual property
concerns,  as  well  as  cost/benefit  analysis  in  the  Management
Dimension.

IV. CONCLUSION AND FUTURE WORK

The  Multi-Dimensional  Unified  Process  provides  a  more
realistic model of software development for complex products and
projects, in an inter-organizational collaborative environment.  It
extends and generalizes the current Unified Process model in being
sensitive  to  the  demands and costs  of  collaboration,  and to  the
inherent  hierarchical  nature  of  project  decomposition  in  a
collaborative venture.  However, the full power of this approach
may not be needed for every collaborative venture.  The proposed
approach is best suited for complex collaboration—projects with
some  or  all  of  the  following  characteristics:  substantial
dependences  and  interactions  between  partners  and  between
partner  components,  integration  of  knowledge  management  and
risk analysis and management is critical, high innovation affecting
interfaces or multiple components, and testing, debugging, metrics,
and product evolution likely to require integration of changes in
individual  components  and  those  in  interfaces  between  partner
components.  For less complex or innovative, highly standardized
or idiomatic,  change-local  products,  a  simpler  approach may be
effective, such as the plug-and-play model in Teichmann [16].
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