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Abstract Object-oriented system modeling enables the developed system and static information about system

sharing of responsibilities between system objects at a high behavior.

level of system abstraction. The UML class diagram is ¢ Moreover, the increasing interest towards software

central part of the object-oriented system model and serves as development within the framework of Model Driven

a "bridge” between the information about the problem domain  pDevelopment (MDD) 2] turns the focus again to tlaeea of

at the customers side and the software components at the model transformation at different levels of abstraction.

developer's side. However, _UMLls notgmethodology for how  Unified Modeling Language (UML) 3 is an industry

to model the system, but just a notation for "drawing” of  giangard for software specification and modeling in an

TIOdBel t_alimelnts.h_T E'S pagler dﬁmonstrate_the ﬂf’nﬁt'ogﬁ/:'iy |°f objectoriented manner. The UML class diagram is used to

the BrainTool, which enables the generation of the class P P

diagram from the so called twehemisphere model, where the _model Cl_ass specification diserve as a bridge bgtween the

problem domain is presented as a contenation of the |nf0rmatlon abo_ut_ 'the problem domain and the |nformat|or_1

problem domain processes, incoming and outgoing information requllred for definition of the software Compone”t.s and their

flows and their types. BrainTool is developed using Visual archltectureResQarchers are trying to achieve ahl_gh enough

Studio .NET for modeling of the two-hemisphere model, the €vel of automation in creation of the UMtlass diagram

Python  programming  language for  definiton  of and derivation pf the diagram frqm |nfo_rmat|on about the

transformation rules and XMI for model interchange with ~ problem domain. Currently, an increasing number of

Sparx Enterprise Architect. developers admits the necessity to model system at the initial

stage of the software development project, and the models

KeywordsBrainTool v1.0 UML class diagram; two-  are increasigly used to specify the system and its processes

hemispheremodet modeltransformation at the business levil], [4].
BrainTool B], developed by researchers of the Riga
. INTRODUCTION Technical University, is a step forward in the area of

automation of the modeling process. There exist a number of
tools which generate the UML class diagram. Some of them

L diff i " Foth ¢ f th enable to define several elements of class structure based on
presen Iirierent - aspects o e system for ata presentation of the problem domain. Others generate a
implementation of the software solution for the required, oo diagram from existing source code, to display the
system. In sql\{lng_ this task, system modeling became Atructure of the developedstgm. However, the problem of
important activity in software development. The goal Ofautomatic generation of the UML class diagram from the

system nodeling is to represent the system graphically, in 3ormal and still customdiriendly presentation of problem
form ‘understandable to analysts, developers and at Iea&;(gmain is not solved yet. Authors of BrainTool propose to

partly uhndtersiﬁnd%blg tt9 thef tchustometr. A Sésﬁerpag%enerate UML class diagram from the-csdled two
information about the problem domain plags important ~ Nemisphere model @ of the problem domain, which
P piags Imp presents information about processes, information flows

role in completing the task of system modeling. —ctarfn
K. Vollmer, C. Richardson, and Clair. Cesearch[1] il?ﬁgvlyﬁ]irtlioahgg\?vsprocesses and ed types of these

confirms that tools to support models and modeling at the In 2004, when the main idea of the tivemisphere

initial stage of software development are the modern trend iHmdeI were published, thecka of the appropriate languages
business process modeling and analysis. Therafdocus o4 giandards eliminated the ability to support the- two
of the automation of software development is shifted frorrhemisphere modeling of the system and to implement the
automatic code generation from the UML diagrams 10 the .\ stormations defined for it by tool. The evolution of the
automatic modeling of the UML diagrams and further codeidea of model driven software development and appezr

?henﬂ&tl'_onl frorr:j_them. Hﬁ.r% the \/]calualtl?]le dt|ag;am bffﬁ”lﬁ different techniques for development of such modeling
e class diagm, which speciies the structure ot tn€ g onment with embedded abilities for implementation of

The objectoriented approach is widely used in software
development. One of the tasbfssoftware development is to
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transformationgjave us a powerful means to create such thgeneration of a UML class diagram. Moreover, the authors
tool. analyze the approach based on several criteria, one of them is
The goal of this paper is tsolve the task of tool tool support. Analysis of the automationvéé in these
development to wpport generation of the UML diagram approaches shows that 25 out of 71 approaches described in
from the initial model of the problem domain expressed ircorresponding papers are supported with a tool. However,
terms of the twdéemisphere model antb discuss about Loniewskiet al stress that these tools are academic tools and
technical abilities of current solutions to create such a tool. are not widely practically used as far as they are created to
The paper is structured as follows. Thext section approve the automation level of the approach offered by their
describes the related work in the area of UML class diagramendorg11].
generation and tools supporting this generation. Section 3 One more kind of the related tools are tools that generate
explains the main principles of the transformations used fathe class diagram from a data structure or a data model.
generation of the UML class diagram from the 4wo These tools require a solid contribution from a software
hemisphere mae. The essence of the tdemisphere specialst to define all these structures. It is already the
model is also described in the third section. Section 4 givamodeling of the UML class diagram itself. In contrast to
several explanations on the solutions used fothese tools, BrainTool generates the class diagram from
implementation of BrainTool and shows its maininitial information about the system, which is understandable
components. Several conclusions on the application dbr the business analyst andoesn't require software
BrainTod and directions for future research are stated in th&nowledge for itanodeling Therefore, a tool that generates
fifth section. the class diagram in the initial stages of the project is very
useful. It allows to automatically create a static structure of
Il. RELATED WORK the developed system and serves as a foadarther code,
Since the beginning of the 1980s great number of avoiding mistakes and mismatches between requirements
modelingtools and model generating software systems havand implementation.
been offered to attack problems regarding software As far as for the evolution of the tweemisphere model,
productivityand quality f]. Modelingtools developed since Wwhich is a base model for generation of the UML class
that time were oversold on their "complete cgeeeration diagram in BrainTool, the main idea of displaying ihi&al
capabilities" B]. Nowadays, similar situation is observed ininformation about the system with two interrelated madels
modeling tools, using and integrating UML models at the business process model and the concept riatelthe
different levels of abstraction aralitomation of software hypothesis about how to use two interrelated model to share
developmentq]. the responsibilities between object classes was demonstrated
Most of today's tools combine a numbernaidelingand ~ on the éstract exampleén [6] and later inseveral real
code generation functions in a more or less open fashiofrojects In all casesthe twehemisphere model was created
The traditionalmodelingtools provide a model editor and a manually, in the first one by authors anddthersby an
model repository. A code generator based @ scripting independent problem domain expert. Successful application
language and plugged into raodeling tool provides the of two-hemisphere model transfpatipn into the UML class
transformation tool and transformation definition editor. Indiagram served as a motivation to support these
that case, the transformation repository is simply text filegransformations by software system. The first software
[10]. prototype of tool supporting twlbemisphere model based
The variety of the "moddriven” tools can be divided transformation was introduced in 20(2]. The prototype
into tools created for defining the system model itself andised textualnformation in special format as a source and
tools to support code generation from the UML model. Thdroduced a text file containing description of the resulting
first group of tools is saalled "UML editors", where the UML class diagram as a specification, where classes,
developers of these tools provide different levels ofttributes, methods and relationships were listed i pre
automation of the actual mddecreation. BrainTool defined format. Analysis of these geated text files gave
demonstrated in this paper can be classified as a tool f@uthors an ability to refine transformations for definition of
automatic creation of UML class diagrams, where the resulielationships betweenlasses;the results are published in
of the generatiori the UML class diagrarii is importable [13]. Currently, the ability to apply the twwemisphere
either into UML editors for further refinement and working model for generation of the UML sequence diagram with

with model or into code generation tools for furtherattention to the timing aspect is investigated and preliminary
generation of software components. results are published {i4]. So far, the continuing research

Loniewski et alin [11] describe the results of a survey in the area of modalriven software development and an
about different approaches used for transformation of systefficreasing demand in the industry for automation of the
requirements to system design and implementatidme  ability to bridge the gap between problem domain and
survey shows the result of analysis of different approaches goftware components, can serve as a motivation to develop
transformation of the problem domain description into thehe first version of BrainTool, which gives an ability to draw
UML class diagram during the last 10 years, published ithe twehemisphere model in the manner suitable for the
four digital libraries (IEEEXplore, ACM, Science Direct, problem domain expert and to generate thelUMass
Springerlink). The survey states that there exist manydiagram from it.
approaches with different types of solutions for the
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Moreover, instead of manual creation of the UML class |l .
diagram directly from information about problem domain
based on principles of objectiented analysis, the proposed
BrainTool gives an ability to use already existing busines§ra

artifact'l_' a business process diagr_am is Wi_dely used in many edges of the other graph, and edges of the first graph
enterprises, and the structure of information flows t_)etweeB come the nodes of the othe’r These two initial interrelated
processes is definable under description of user stories. A Eaphs are: business proces;s model (shdit process

of organizations are using different tools for business proce%odel), which displays behavior of the system and the model

analyss and ther_efore they h_ave complete and consister& conceptual classes (shortly concept model), which
models of their organizational structure, employerd i splays a skeleton o f’ Systemo

responsibilities, business processes and the structure &f . - L ; : -
: : I objects in an objeatriented philosophy gives a possibility
gﬁgilﬁrgggtiagcvng’ uh?éﬂe{:g?gﬂ;"ﬂgsﬁe%?'tgen to share responsibilities between objects based on the direct
e, graph transformation, where the data flow outgoing from the

automatic creation of the twiemisphere model. ; :
: . . . .. internal process in the process model becomes the owner of
The main benefit of the twhemisphere model is that it this process for performing it as an operation in object

can be created and often already is created by the busm%%?nmuni cation

analyst at the customers side. A Standish group survey Theessence of the transformation is illustrated on the left

shows that aht 83% of companies are engaged in bUSineS§ide of Figure 1The business process model (graph G1 in
process improvement and redesign. This implies that ma :

. i . : ; rWigure 1) is interrelated with the concept model (graph G2 in

companies are very familiar with business proceedleling  r4,e 1) a5 followsA certain concept in the concept model

techniques or at least they employ particular business PrOC&S&tines the data typler one or several data flows between

description rameworkg4], [15]. On the other hand, the a5)usiness processesThe business process model is
r

Péaﬁ?r%?nggtssoggxarge dde;/ﬁ\llc;%m?rgtmskt\r?(\;vs r?g}ten]:un dcct)lr%gi ansformed into an object communicatidiagram (graph
q P 3 in Figure 1), where edges (j.elata flows) of the

description as much as 7 times faster than if trying to elicif_~_. L
. : usiness process model became nodes, (lgects) of
them directly from userfl6]. Both facts mentioned above conmunication diagram, and nodes of business process

and the existence of many commercial and open SOUrce el (e, processes) became edges (iessages to

businessmodeling tools are a strong motivation to base erform the operation) of the communication diagrame
software development on the business process model, rat S mmunication diagram itself serves as a base for the
than on any other soft or hard models.

Therefoe. with minimal efforts. the twbemisphere definition of classeswners of methodé the UML class
L o P diagram.Details about the application of the tlvemisphere
model, which is created and intuitively understandable by thFhodeI are expressed 2]
customer, can be used to automatically generate Class "ty iont side of Figure 1 shows the interpretation of the
diagram prototypes that can be later reviewed and used{ nsformations defined by the approach after the

software development. transformations have been studied forithplementation.

TRANSFORMATIONOF TWO-HEMISPHEREMODEL TO
THE UML CLASS DIAGRAM

The twehemisfhere model driven approach uses the
nsformation of graphs, where nodes of one graph become
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Figurel. Interpretation of the transformations framo-hemisphere modeéb the UML class diagram
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Therefore, the left side ofFigure 1 shows the approach, which in turn is derived from cognitive
transformations defined by the approach of the theoreticgdsychology[17] by analogy with human brain consisting of
invesigation of the sharing responsibilities among objectdwo interrelated herspheres.
and the right side oFigure 1 shows the situation as it is  According to[10], a modern trend in systemodeling
simplified for tool development. The elements of thetools is having the components to implement a model editor,
business process model are transformed into the UML class repository, its validation and transformation to another
diagram directly.The edges of the business process modahodel. BrainTool gives a possibility to create the -two
became the nodes of the UML class diagraire nodes of hemisphere modelo save it in the defined repository, to
the business process modetcame the methods of the apply all the defined transformations for generation of the
classes, which were the outgoing data flows of the exatiML diagram and to export it in XMI format.
business process. The Model Editor is a part of the toptoviding model

The analysis of different situations, which may appear ircreation and modification possibilities. Model Reposit@y i
drawing the process model, i.e., a number of incoming anthe “"database" for models, where they are stored. The
outgoing datdlows, a variety of their types and so on, has Transformation Definition Editor is used for transformation
given a possibility to definearious transformation cases definition construction and maodification. Currently, the
depending on thaumber of input and output processesl  Python interpreter is being used to support this component.
cardinality (a set of different concepts assigned to a certaidowever, it is possibléo define the transformation in any
data flow). These transformation casese implemented programming language.
according to the definition of relationships between Finally, The Model Validator is a componensed to

generated classeshich are expressed [h3]. check if the model is weknough defined and has no
potential problems that can affect the transformation result.

IV. |IMPLEMENTATION OF TWO-HEMISPHEREMODEL IN This component is impteented as a standalone
BRAINTOOL transformation using the Python programming language. The

The goal of theprototypetool implementationin 2008  hext subsections describe the main components of BrainTool
[12] was to examine the efficiency of the proposed metho@nd technical solutions for their implementatiordetail.
and_to confirm that pransformations offered by the-two 5 Model Editor
hemisphere model driven approach can be automates. : i
current version of the implementation of the themisphere The twohemisphere model can be designed dnen
model driven approach can be stated astaadalone tool transformed using BrainTool model editor shownFigure
entitted BrainToolin correspondence with the title of the <
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Figure2. Model editor view in BrainTool
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_ The screen of Br_ainTooI is divide_d_ into three parts. TheB. Transformation Definition
informaion panel (highlighted as H inigure 2 on the left According to the transformation definitioni a
side of the screenshot) shows lise of elements defined by ansformation is the automatic generation of a target model
the twohemisphere model, where panel (A) provides basigom 4 source mode10]. In the case of BrainTool, the
information on the currently selected element. source model is presented as a -tvemisphere model
The central part is divided into three drawing frarmes _consisting of the process diagram, a set of concepts and
the process model (1), the concept model (J) and the resulting, cepts assigned to data flows. The target is the UML class
classdiagram (F). Any element of the twemisphere model giagram, which is a set of classes, class methods, class
can be entitledhighlighted as B for processes and D for auripytes, interfaces and relationships between classes and
attributes irFigure 2) or commented (C). The tree view of all erfaces. The fat transformation task is to generate classes
objects defined in all models (including the resulting model) the resulting UML class model. Classes are created from
is shown in the righpart of the screen shot under the letter Ecqncepts and retain their attributes. Cardinalities (number of
in Figure 2. The diagram elements causing transformatiogjfrerent concepts linked to separate data flows) of process'
problems are listed at the bottom of the screen (G). SuGHh;ts and outputs are wséo determine different types of
problematic elements are also highlighted in the modee relationships between classes in the UML class diagram.
perspective. _ _ For example, outgoing multiple data flows assigned to
_The simplified version of théusiness process for the e same concept give an ability to define the generalizatio
driving school is reflected in Figure 3, where the procesgne transformation rules give a possibility also to define
model is presented on the top side and the model Qfyqregation, dependency or at least simple association. The

conceptual classes (so calleoncept model) is presented on g4)jowing highlevel pseudocode expresses the idea of the
the bottom side of the figure, which presently is the &ere 5nsformation for class creation:

shot from BrainTool.

Description of problem domain:

- The driving school has several classrooms in several
) locations and several teachers, both registered in

/ Road Traffic Safety Department (RTSD). The
director of driving school assigns learning sessions
for new groups based on a predefined schedule.
When the applicant comes to driving school, the
administrator of the school offers him a list of
available groups for learning and helps to select the
most appropriate group location, time schedule and
teacher. After appropriate number of applicants is
assigned for learning, the group is registered in
RTSD. From that moment the start date of learning
is defined for a particular group, after that the
applicant starts learning in theory and receives the
driving card to start learning in driving.

Process model ‘

Analysis of
class/teacher's
lead

Regiater =

learning Apply for work

classroom in (Teacher)

______

lidence, gualificati

Create

schedule .
Register teacher
in RTSD

Form list of group
available for
application

Look for
appropriate
group

Selecte P Model of conceptual classes
(aka Concept model)

Add applicant to

group

Assign start of
learning

Create driving
card

Figure3. Two-hemisphere model of a driving school

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-230-1 64



ICSEA 2012 : The Seventh International Conference on Software Engineering Advances

funec generate_classes (process model pm,
concept_model om, class model olm)
for each concept in cm do
clm.create_class from{concept)
for each process in pm do
u_inputs = node.input set().cardinality
outputs = len(node.output_seti))
u_outputs = node.output_set () .cardinality
if u_inputs = 1 and u_outputs =
for each output in node.output_set() do
clm.create_class_from{output)

1 and outputs != 1 then

clm.define generalization(output, node.input_seti))

Processes from the process modetobge the class

methods as a result of the transformation expressed in su

pseudocode fragment:

fune a=sign_methods (process_model pm,
concept_model cm, class_wmodel colm)
for each process in pm do
classes = node.get_classes (clm)
inter = null
if len(classes) > 1 then

inter = olm.create_or_get_interface (classes, node)

for each ¢ in classes do
¢.add method (node)
if inter != null then
clm.define realisationie, inter)

& BrainTool - CUsers)
Elle Operations

HED N

Processes

Clss dingram

The method assignment to class#lsws to also define
interfacesand realization relationships in the UML class
diagram.So, as a resylthe targemodel consists of classes
with methods and attributes, interfaces with methods and
five kinds of relationships: generalization, dependency,
aggregation, association and realization. An example of
generated UML class diagram for the problem domain of a
driving school described in Section 4.1 is shown in Figure 4.

C. Export of the UML Class Diagram to the UML
Compliant Tool

After elements of the twbhemisphere model are
transformed into the class diagram, BrainTool gives the
ssibility to export it in XMI fomat to be later used in other

L editor or code generators that are able to import UML
class diagrams in XMI format. Currently, most UML
compatible tools use their own modifications of the XMl
format and a developer cannot be sure about the result of
impat/export [18]. Therefore, the authors were forced to
adjust the exported XMI for the requirements of a specific
corresponding tool. The Sparx Enterprise Archifdd is
selected for the experiment, and the result of the

implemented chain is shown Figure 5. It is not a problem

to define the elements of the UML class diagram according
to the specific requirements for import in any other UML
tool.

Mosel Bowser
Two hemaphere model
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Obect Emor
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7 () Process modl
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s load()
+ GroupCourse tendart

+ PrelmnanGrou

4 Schedua

i Teacher

group in rtsd()
t of learning()

CourseAttendant
Int

start of learning()

drivina

rn drivina()

card()

Figure4. Resulting UML class model for driving school
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class System /

DrivingCard =
CourseAttendas
~ date_of_issue: Int
_of_{ < —————

~ name: Int e ————— PP

~ ceste_driving_card() : void

~ out_leam_driving() : void ~ assign_start_of_leaming() : void ~ @ssign_start_of_learning() : void
T _|~ out_tesm_theory() : void
‘\ _ =77 |=_register_group_in_rtsd() : void
< o A Schedule
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-
-
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Figure5. Exportto SPARX Enterprise Architect
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D. Model Validaor For example, if there are at leasb data flows outgoing

The twohemisphere model driven approach has severdtom the process, which are typified by different conceptual
limitations in definition of the UML class diagram. They areclasses and are differently typified from incoming data
expressed in several combinations of incoming and outgoinibws, the twehemisphere model driven approach offess
data flows of certain process. In this case, BrainTootefine the problematic process by dividing it into sub
highlights the problemat process in the twhemisphere processesin order to support these treatments BrainTool
model and the potential owner in the UML class diagram.  gives the possibility to validate the tdae@misphere model

The modeler is then required to create the-maleess developed by the modeler and to define processes, which do
diagram for the highlighted process, as it is shown in Figur@ot give the clear ability to define a corresponding method's

6. owner for the UML clas diagram.

The problematic process is being detailed in the \Whatis more the preliminary structure of the-pubcess
following manner: diagram already contains the incoming and outgoing
A1 identify theproblem. information flows derived from the main model and the
B T receive the working area for creation of qubcess concerned external processes. The modeler is asked to divide
diagram the problematic prass into a number of separated -sub
C1 create suprocess diagram. processes and to defirmutgoing information flows more
D1 confirm subprocess diagram. precisely (see area B in Figure 6).

E T transfer sukprocess diagram into main model.

Figure6. Model validation for the necessity to define the-pubcess diagram
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