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Abstract
The Model Driven Architecture (MDA) separates the system business aspects from the system
implementation aspects on a speciﬁc technology platform. MDA proposes a software development
process in which the key notions are models and model transformation, where the input models
are platform independent and the output models are platform speciﬁc and can be transformed
into a format that is executable. In this paper principles of MDA and model transformations are
applied for generation of UML class diagram from two hemisphere model, which is presented in the
form of business process model related with concept model. Two hemisphere model is developed
for the problem domain concerned with an application for driving school and UML class diagram
is generated using the approach oﬀered in the paper.

1. Introduction
One of the modern research goals in software
engineering is to ﬁnd a software development
process, which would provide fast and qualitative software development. Most of currently
proposed methodologies and approaches try to
make the development process easier and still
more qualitative. For achievement of this goal
the role of explicit models becomes more and
more important. Lately, the most popular approach is Model Driven Architecture [18]. MDA
is the central component in the OMG’s strategy for maximizing return on investment, reducing development complexity and future-prooﬁng
against technological change [29]. MDA tools
do not support the complete code-generation
capabilities from the initial business information, and the most problematic stage is
system modelling based on knowledge about
problem domain [22].
The main idea of MDA is to achieve formal system representation at the highest level

of abstraction. Nowadays MDA tools support
translation of platform independent system presentation into software components and code
generation and researchers try to “raise” it as
high as possible to fulﬁll the main statement
of the MDA [13]. One of the most important
and problematic stages in MDA realization is
derivation of PIM elements from a problem domain and PIM construction in the form that
is suitable for the PSM. It is necessary to ﬁnd
the way to develop PIM using formal representation, so far keeping the level of abstraction
high enough. PIM model should represent system static and dynamic aspects. Class diagram
shows static structure of the developed system.
But UML is a modelling language and does not
have all the possibilities to specify context and
the way of modelling, which is always required
to be deﬁned in a methodology. Therefore, the
construction of class diagram has to be based
on well deﬁned rules for its elements generation
from the problem domain model presented in the
suitable form.
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Class diagram discussed in the paper contains classes, relations among them, attributes
and operations of classes. Dynamic aspects,
which are another meaningful component of system presentation at the platform independent
level is not the object of the current research.
To obtain the class diagram the initial business knowledge represented with two hemisphere
model may be used. The transformation of this
model into class diagram is discussed in the paper. The transformation should be deﬁned in
formal way and should be acceptable for use in
transformation tool. The structure of a transformation tool is discussed in [13] with deﬁnition of
models, necessary for transformation and transition between these models. Transformation tools
take a source model as an input, and create
another model, called target model, as an output [13]. Therefore, implementation of transformation needs well-deﬁned set of notational elements of source and target models and deﬁnition
for transformation of elements of one model into
elements of another one. The paper describes
class diagram development based on two hemisphere model. Therefore, according to Kleppe’s
deﬁnition source model is deﬁned in terms of two
hemisphere model (business process and concept
model) and target model is deﬁned in terms of
UML class diagram [28]. The structure of the
paper is as follows. The next section presents
main principles of model driven architecture, deﬁnes models to be developed within it, describes
transformations to be formalized to be able to
develop the tool for support of that transformations. Section 3 presents an information about
using of two hemisphere model to fulﬁl the main
statement of MDA corresponds to formal transformations between models. An essence of two
hemisphere model is shown in several aspects
of its historical evolution and reﬁnement and
transformations of two hemisphere model into
elements of class diagram are described according to the present state of author’s investigations. The transformations presented in the paper are veriﬁed in section 4, where the approach
oﬀered in the paper is applied for several problem domains. Due to limitations on volume of
the paper the section shows only general results
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on these applications. Section 5 concludes on the
research presented in the paper and gives several
remarks on author’s future work in the area of
model transformations.

2. Main Principles of Model Driven
Architecture
MDA introduces an approach to system speciﬁcation that separates the views on three diﬀerent
layers of abstraction: high level speciﬁcation of
how system is working (Computation Independent Model or CIM), the speciﬁcation of system
functionality, i.e. of what the system is expected
to do (Platform Independent Model or PIM) and
the speciﬁcation of the implementation of that
functionality on a speciﬁc technology platform
(Platform Speciﬁc Model or PSM). In OMG
Model Driven Architecture these models are primary artefacts in software developments process
and all the activities are concentrated on going
from CIM to PIM, from PIM to PSM and from
PSM to code. The very important role there is
played by the quality of PIM, i.e. its capability
to adequately represent system under development [18].
2.1. Models within the MDA
CIM presents the requirements for the system
to be modelled in a platform independent model,
describing the situation in which the system will
be used. Such a model is sometimes called a domain model or a business model. It may hide
much or all information about the use of automated data processing systems. A CIM is a
model of a system that shows the system in
the environment in which it will operate, and
thus it helps in presenting exactly what the system is expected to do. It is useful, not only as
an aid to understanding a problem, but also
as a source of a shared vocabulary for use in
other models [18]. PIM is describing that part
of information system speciﬁcation, which is
close to code, but is independent of platform
speciﬁc features. PIM is representing information system in that way that will remain un-

Two Hemisphere Model Driven Approach for Generation of UML Class Diagram in the Context of MDA

changed on any programming platform. Nevertheless PIM usually is accommodated to speciﬁc architecture style [18]. Platform Independent Model is the model that resolves business requirements through purely problem-space
terms and it does not include platform speciﬁc
concepts. The PIM provides formal speciﬁcation of the structure and functionality of the
system that abstracts away technical details.
There has to be rules for PIM checking if it
deﬁnes all problem domain concepts in the correct way [18]. Platform Speciﬁc Model is a solution model that resolves both functional and
non-functional requirements through the use of
platform speciﬁc concepts. The platform definition can include wide range of conceptions
in the context of MDA. It can be operation
system, programming language, any technological platform, such as CORBA, Java 2 Enterprise Edition, also any speciﬁc vendor platform
(for example, Microsoft .NET) [18]. Platform
can imply any of engineering and technological characteristics, which are not important for
program unit fundamental business functionality [18].
2.2. Model Transformations
within the MDA
Generally, system model reﬁnement and evolution in the framework of MDA is presented in
Figure 1.
CIM presents speciﬁcation of the system at
problem domain level and can be transformed
into initial elements of PIM. PIM provides formal speciﬁcation of the system structure and
functions that abstracts from technical details,
and thus presents solution aspects of the system to be developed. Development of the solution domain model is based on derivation of all
the necessary elements from problem domain description (Transformation 1 in Fig. 1). The PIM
received as a result of Transformation 1 has to
be reﬁned (Transformation 2 in Fig. 1) to get
a form suitable for PSM generation, i.e. PIMreﬁned enables model transformation (Transformation 3 in Fig. 1) to the platform level, named
Software Domain in Figure 1.
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An MDA idea is promising – raising up the
level of abstraction, on which systems are developed, we could develop more complex systems
more qualitatively. Core of solution domain development strategies focuses on the transformation of system model from the aspects of business level into the application level (Transformation 2 in Fig. 1). The main idea of MDA is to
achieve formal system representation at the as
high level of abstraction as possible. Nowadays
MDA tools support translation of solution elements into software components (Transformation 3 in Fig. 1) and code generation (Transformation 4 in Fig. 1), and researchers try to
“raise” it up as high as possible to fulﬁl the main
statement of the MDA [18].
Transformations 1 and Transformation 2 are
deﬁned within diﬀerent solutions [33], [36], [16],
[30], [12], but there is no any solution, where
complete transformation CIM → PIMinitial →
PIMreﬁned would be deﬁned [22].
One of the most important and problematic
stages in MDA realization is derivation of PIM
elements from a problem domain, and PIM construction in the form that is suitable for the
PSM. Solutions that are focused on Transformation 1 can’t insure that a PIM contains all
the necessary information, and that the presentation of the PIM is formal enough to be able
to transform it into the correct PSM, that is to
support already the Transformation 3 [22]. It is
necessary to ﬁnd the way to develop PIM using
formal representation, so far keeping the level
of abstraction high enough, i.e. to implement
Transformation 2 in formal way. The central element of PIM is the presentation of system structure, which would be independent from further
implementation and usually is presented in the
form of class diagram in UML notation [28], as
well as adequate presentation of system dynamics. Diﬀerent modelling tools are used for that.
The paper discusses the class diagram development aspects, which satisﬁes the main statement
of MDA and are based on transformation from
two hemisphere model into elements of class diagram deﬁned in UML.
Currently, transformations between UML
models are still a subject of intensive investiga-
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Definition of MDA principles in terms of 2HMD
approach for software architecture development

Definition of MDA principles in terms of MDA
Problem
domain

Specification
level

CIM

Presentation of problem domain elements
suitable for further transformation

Transformation 1: Derivation of solution
elements at business level from problem
domain
Business
level

PIM initial

Presentation (and required transformations)
of solution elements at business level

Transformation 2: Transformation of solution
elements at business level into solution elements
at application level

Solution
domain
Application
level

PIM refined

Presentation (and required transformations)
of solution elements at application level

Process model and conceptual model of
problem domain
Derivation of automated processes from process
model and definition of structure of their information
flow based on concepts in conceptual model
Selected processes and their
information flow structure
Application of 2HMD transformation algorithm
for defined processes and concepts
Elements of class diagram generated based on
application of 2HMD transformation algorithm

Transformation 3: Transformation of solution
elements at application level into software
elements at platform level
Platform
level

PSM

Presentation (and required transformations)
of software elements at platform level

Transformation 4: Transformation of software
elements at platform level
into software elements at implementation level

Software
domain
Implementation
level

Code

Presentation (and required transformations)
of software components

Figure 1. General structure of model transformation in the framework of MDA

tion. Principles of simple language for transformations are presented in [13]. Several proposals [6] are made in response to OMG request
for proposals to MOF Query/View/Transformation [6]. The great attention is devoted to UML
class diagram development, because class diagram in UML-based CASE systems serves as
a main source of knowledge for development of
software system: database speciﬁcation, graphical user interface, application code, etc. [35].
Class diagram is the most often used
model for visual representation of static aspects of classes [35]. Class diagrams in
object-oriented software development are typically used: as domain models to explore domain concepts; as conceptual/analysis models to analyse requirements; as systems design models to depict detailed design of
object-oriented software [1]. But UML is
a modelling language and does not have
all the possibilities to specify context and
the way of modelling, which is required always to be deﬁned in a methodology. There
fore the construction of class diagram has
to be based on well deﬁned rules for its

elements generation from the problem domain model presented in the form suitable
for that.
2.3. Structure of a Tool for Model
Transformation
The MDA process shows the role that the various models, PIM, PSM, and code play within
the MDA framework. A transformation tool
takes a PIM and transforms it into a PSM.
A second (or the same) transformation tool
transforms the PSM to code. These transformations are essential in the MDA development process. The transformation tool takes one model
as input and produces a second model as its
output. There is a distinction between the transformation itself, which is the process of generating a new model from another model, and the
transformation deﬁnition. The transformation
tool uses the same transformation deﬁnition
for each transformation of any input model.
A transformation is deﬁned in [13] as the automatic generation of a target model from a source
model, according to a transformation deﬁnition.
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Source model

Process Model

Transformation
definition

Concept Model

Two-hemisphere model

Transformation
tool
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Target model

Class
Diagram

Figure 2. Schema of model transformation tool

And a transformation deﬁnition is deﬁned in [13]
as a set of transformation rules that together describe how a model in the source language can be
transformed into a model in the target language.
The recent tendency of automation of information handling process is essential in industry
of information technology [9]. It gives a possibility to spare human and time resources. The
implementation of tool, which automates transformation into class diagram, gives a possibility
to receive static structure of the system without spending of a lot of time on design. For
any transformation the initial data and needed
result should be deﬁned before. A transformation tool or approach takes a model on input, so
called source model, and creates another model,
so called target model, on output, see Fig. 2 [13].
The two hemisphere model has been marked
as input with mapping rules, the class diagram
and transformation trace has been received on
output. Transformation trace shows the plan
how an element of the two hemisphere model
is transformed into the corresponding element
of the class diagram, and which parts of the
mapping are used for transformation of every
part of the two hemisphere model [18]. Figure 2
shows how a transformation tool takes input –
the two hemisphere model and receives output
– the class diagram. Therefore implementation
of model transformation (in our case transformation from two hemisphere model into class
diagram) needs well-deﬁned set of notational elements of source model, well-deﬁned set of notational elements of target model and deﬁnition
for transformation of elements of one model into
elements of another one.
According to key notes of the paper the language for description of source model is deﬁned
as a notation for construction of two hemisphere
model [21] and the language for description of

target model is deﬁned as a notation for construction of UML class diagram (see Fig. 2).

3. Models and Model Transformations
in terms of Two Hemisphere Model
According to [32] the signiﬁcant aspect of real
world behaviour seen from the process point of
view, where process is understood as the collection of actions, chronologically ordered and
inﬂuencing objects and is more then “just an
amorphous heap of the action”. Similarly to the
structural modelling of the real world [32]. Two
hemisphere model corresponds to both fundamental things – functional aspects of the system deﬁned in terms of business processes and
the structural ones deﬁned in terms of concept
model. The details in the right column of the
table in Figure 1 correspond to the two hemisphere approach, which addresses the construction of information about problem domain by
use of two interrelated models at problem domain level, namely, the process model and the
conceptual model. The conceptual model is used
in parallel with process model to cross-examine
software developers understanding of procedural
and semantic aspects of problem domain.
3.1. Essence of Two Hemisphere Model
Two hemisphere model driven approach [21] proposes using of business process modelling and
concept modelling to represent systems in the
platform independent manner and describes how
to transform business process models into UML
models. For the ﬁrst time the strategy was proposed in [20], where the general framework for
object-oriented software development had been
presented and the idea about usage of two interrelated models for software system develop-

64
ment has been stated and discussed. The strategy supports gradual model transformation from
problem domain models into program components, where problem domain models reﬂect two
fundamental things: system functioning (processes) and structure (concepts and their relations). The title of the proposed strategy [21]
is derived from cognitive psychology [2]. Human brain consists of two hemispheres: one is
responsible for logic and another one for concepts. Harmonic interrelated functioning of both
hemispheres is a precondition of an adequate
human behaviour. A metaphor of two hemispheres may be applied to software development process because this process is based on
investigation of two fundamental things: business and application domain logic (processes)
and business and application domain concepts
and relations between them. Two hemisphere
approach proposes to start process of software
development based on two hemisphere problem
domain model, where one model reﬂects functional (procedural) aspects of the business and
software system, and another model reﬂects corresponding concept structures. The co-existence
and inter-relatedness of these models enables use
of knowledge transfer from one model to another, as well as utilization of particular knowledge completeness and consistency checks [21].
Figure 3 shows the essence of two hemisphere
model for an example of an application for driving school.
A notation of the business process model,
which reﬂects functional perspectives of the
problem and application domains, is optional,
however, it must reﬂect the following components of business processes: processes; performers; information ﬂows; and information (data)
stores [21]. For current research is used business process model constructed with GRAPES
[11] notation. Current functional requirements
always are present in the business process model
that helps to maintain their consistency. As a result sophisticated models are used without disturbing software developers’ and business experts’ natural ways of thinking [21]. Some recent
surveys show that about 80 percent of companies are engaged in business process improve-
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ment and redesign [10]. This implies that many
companies are common with business process
modelling techniques [10] or at least they employ
particular business process description frameworks [31]. On the other hand practice of software development shows that functional requirements can be derived from problem domain task
descriptions even about 7 times faster than if
trying to elicit them directly from users [17].
Both facts mentioned above and existence of
many commercial business modelling tools are a
strong motivation to base software development
on the business process model rather than on
any other soft or hard models [21]. The concept
model (graph G2 in Fig. 3) is used in parallel
with business process model to cross-examine
software developers understanding of problem
and platform independent models. According to
Larman [16] real-world classes with attributes
relevant to the problem domain and their relationships are presented in concepts model. It is a
variation of well known entity relationship (ER)
diagram notation [4] and consists of concepts
(i.e. entities or objects) and their attributes. Application of two hemisphere model for generation
of class diagram gives a possibility to avoid relations between classes in concept model at business level (of problem domain). Due to transformation of process model into elements of object
communication expressed in terms of UML communication diagram it becomes possible to deﬁne the relations between classes already according system realization at software level (of implementation domain). Therefore relations between
concepts are not shown in concept model in
Fig. 3). The notational conventions of the business process diagram gives a possibility to address concepts in concept model to information
ﬂows (e.g. events) in process model (see Fig. 3).
All elements of the two-hemisphere model stated
as source model in Figure 2 are as follows:
– Business process diagram/ Process – business process usually means a chain of tasks
that produce a result which is valuable to
some hypothetical customer. A business process is a gradually reﬁned description of a
business activity (task). Task is an atomic
business process unit, which actually de-
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apply for learning
(applicant)

form group
(director)

applicant data

blanks of available groups

look for appropriate group
applicant data

form list of teachers
(director)
teacher data

Applicant data

Group blank

name

time

ID

address

address

appropriate group

Teacher data

Instructor data

add applicant to group

name

name

group blank with applicant data

load

load

assign start date of learning

group blank
with applicant data

assign teacher for group
group blank with applicant data
and teacher
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form list of instructors
(director)

group blank
with applicant data

car
Driving card

Group register

instructor data

assign instructor for applicant

pupil

pupil

instructor

teacher

learning dates

group data

examination data

learning dates

driving card
examination data

prepare group register
group register for submission

assign learning dates
group register
with learning dates

learn theory
(pupil)

driving card
with learning dates

learn driving
(pupil)

Business process model

Concept model

Figure 3. Example of two hemisphere model (application for driving school)

–

–

–

–

scribes some step or function and is done by
a Performer [11].
Business process diagram/Performer – performer is an attribute of a task of business
process and serve as a resources required to
perform the activities [11].
Business process diagram/Event – events are
an input/output object (or more precisely –
the arrival of an input object and departure
of an output object) of certain business process. These objects can be material things or
just information [11].
Concept model/Concept – conceptual classes
that are software (analysis) class candidates
in essence. A conceptual class is an idea,
thing, or object. A conceptual class may be
considered in terms of its symbols – words
or images, intensions – deﬁnitions, and extensions – the set of examples [16].
Concept model/Concept/Attribute – an attribute is a logical data value of an object [16].

The investigation of two hemisphere model
driven approach under the MDA framework in
[25] shows that approach could be applied for
generation of several elements of class diagram.
This paper shows the strategy of two hemisphere
model application for generation of UML class
diagram in a more precise way. The elements
of the class diagram stated as target model in
Figure 2 are as follows (only the main elements
of the class diagram are listed here):
– Class diagram/Class – a class is the descriptor for a set of objects with similar structure,
behaviour, and relationships [28].
– Class diagram/Actor – an actor speciﬁes a
role played by a user or any other system
that interacts with the subject [28].
– Class diagram/Class/Attribute – an attribute is a logical data value of an object [28].
– Class diagram/Class/Operation – an operation is a speciﬁcation of a transformation or
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G2

G1
Process Model

Concept Model

G3

G4
Intermediate model

Communication diagram

G5

Class Diagram

Figure 4. Transformations from two hemisphere model into class diagram
under two hemisphere model driven approach

query that an object may be called to execute [28].
– Class diagram/Relationship – a relationship
between instances of the two classes. There
is an association between two classes if an
instance of one class must know about the
other in order to perform its work [28].
It is necessary to ﬁnd the way how source model
elements can be transformed into target model
elements according to the deﬁnition of transformations in the framework of MDA.
3.2. Description of Transformations
between Models within Two
Hemisphere Model Driven Approach
The two hemisphere model driven approach
[20], [21], [27] proposes to apply transformations
from business process model into scenarios for
object interactions by using so called intermediate model, which is received in a direct transformation way from process model. Appropriate
interacting objects are extracted from concept
model. Class diagram is based on concept model
and is formed according to information about
object interaction. All deﬁned transformations
from two hemisphere model into elements of
class diagram are shown in Figure 4. The schema
presents the way how elements of business process model (graph G1 in Fig. 4) and concept

model (graph G2 in Fig. 4) are transformed into
elements of class diagram (graph G5 in Fig. 4),
using intermediate model (graph G3 in Fig. 4)
and UML communication diagram (graph G4 in
Fig. 4) [25].
Analysis of two hemisphere model proposed
in [22] and application of two hemisphere model
for knowledge architecture development in the
task of study program development presented
in [22] makes to think that notational conventions of UML communication diagram is more
suitable for deﬁnitions of formal transformations
of two hemisphere model into object interaction and then into class diagram, than using of
UML sequence diagram. Although the aspect of
time sequence, which is a component of UML sequence diagram and is not shown in communication diagram, is missed in this case. And author
of the paper now is investigating the possibility
to save time aspect in transition from two hemisphere model into class diagram through the deﬁned transformations [26].
Intermediate model (graph G3 in Fig. 4 and
Fig. 5) is used to simplify the transition between
business process model and model of object interaction, which is presented in the form of UML
communication diagram (graph G4 in Fig. 4 and
Fig. 5).
Intermediate model is a graph generated
from business process models using methods of
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Perform action 1 /
Performer 1

event1
Perform action 2
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Actor1
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G3
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Perform action 3

event3

event4

Perform action 4 /
Performer 4

Perform action 5 /
Performer 5

Perform
event1
event2
action2
Perform
Perform
action2
action3
event3
event4
Perform
Perform
action4
action5
Performer 4=
Performer 5=
Actor4
Actor5

Figure 5. Transformations from business process model into intermediate model

DataTypeB
(AKA ConceptB)
attribute b1
attribute b2

DataTypeA
(AKA ConceptA)
attribute a1
attribute a2

G2

Concept model

Performer 1=
Actor1

Perform
action1

G3

Intermediate model

Perform
event1
event2
action2
Perform
Perform
action2
action3
event3
event4
Perform
Perform
action4
action5
Performer 4=
Performer 5=
Actor4
Actor5

perform
action1()

perform
action2()
Event1:ClassA

Event2:ClassA

perform action2()

Actor1

Event3:ClassB
Actor4

G4

message
{perform action4}

perform
action3()

Event4:ClassB

message
Actor5
{perform action5}
Communication diagram

Figure 6. Transformations from intermediate model and concept model
into object communication diagram

direct graph transformations based on principles
of graph theory [8]. The nodes of the graph G1
in Figure 5 are transformed into the arcs of the
graph G3 of Figure 5, and the arcs of the graph
G1 in Figure 5 are transformed into the nodes
of the graph G3 of Figure 5 [25].
In a case of abstract names of arcs and nodes of
graphs in Figure 5 business process “perform action 1” is transformed into an arc “perform action
1” of intermediate model (graph G3 on Fig. 5) and
events are transformed into nodes of intermediate
model. Constructed intermediate model serves as
a base for communication model. The communication diagram is represented as a graph G4 in
Figure 4 and Figure 6.
The next transformation deﬁnes the method
“perform action 1()” in communication diagram
(graph G4 on Fig. 6) from the same arc of inter-

mediate model, where the class-receiver of this
method is deﬁned as ClassA, because ConceptA
deﬁnes a data type for event1 in concept model.
Therefore if each process is examined as a message, and each data ﬂow as an object, a draft
communication diagram could be received by
replacing all events of intermediate model with
concerned class exemplars and the actions of intermediate model with messages or operations.
The last transformation of this business process deﬁnes the responsible class of this method
in class diagram (graph G5 in Fig. 4 and Fig. 7)
based on information that the type of the event
“event 1” is deﬁned by class in. The element “performer 1” is transformed as a node of intermediate model, and as “actor 1” of communication
model. This element is deﬁned as “actor 1” in
class diagram. Data types for elements “event 1”
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perform
action1()

G2
DataTypeA
(AKA ConceptA)
attribute a1
attribute a2

DataTypeB
(AKA ConceptB)
attribute b1
attribute b2

Event1:ClassA

G4
Event2:ClassA
perform
action3()

perform action2()

Actor1

Event3:ClassB
Actor4

Concept model

perform
action2()

message
{perform action4}

Event4:ClassB

message
Actor5
{perform action5}
Communication diagram

G5

Actor1
Class
diagram

ClassA

ClassB

attribute a1
attribute a2
perform action1()
perform action2()

attribute b1
attribute b2
perform action2()
perform action3()

Actor4

Actor5

Figure 7. Transformations from intermediate model and object communication diagram into class diagram

G1

Group blank

group blank
with applicant data

time

assign instructor for applicant

instructor
learning dates

Process Model

Concept Model
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examination data

G4

: Group_blank

assign instructor for applicant
Intermediate model

G2

pupil

address

driving card

G3

Driving card

assign_instructor_for_applicant ( )
: Driving_card

driving card

Group_blank
time
address

Class Diagram

Communication diagram

Driving_card

G5

pupil
instructor
learning_dates
examination_data
assign_instructor_for_applicant ( )

Figure 8. An example of transformation of process and concept elements into class elements

and “event 3” is deﬁned as “DataType A” or
“Concept A” of concept model.
These transformations are based on the hypothesis that elements of the class diagram
(graph G5 in Fig. 7) can be received from the
two hemisphere model by applying deﬁned techniques of graph transformation [8]. The next step
of transition is a class diagram. Here all messages
of object communication (graph G4 in Fig. 7) are
encapsulated as operations of classes using main
principles of class diagram development based

on information of object communication and all
events and concepts deﬁned as objects in graph
G4 are deﬁned as classes in class diagram (graph
G5 in Fig. 7). Class diagram presents the set of
attributes based on attributes deﬁned in concept
model.
In a very simple example, transformation described above looks like it is shown in Figure 8,
where transformation of fragment of two hemisphere model for driving school into a fragment
of the exact class is represented.
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There is one process “assign instructor to applicant”, which has an input event “group blank
with applicant data”, where concept “Group
blank” with its attributes deﬁnes data type for
the event, and an output event “driving card”,
where concept “Driving card” with its attributes
deﬁnes data type for the event. These interrelated elements deﬁne a two hemisphere model,
which serve as a base for transformation into
intermediate model, with the same names of elements, but diﬀerent position – arcs of process
model are transformed into nodes of intermediate model, and nodes of business process are
transformed into the arcs of intermediate model.
Intermediate model allows to deﬁne communication diagram, where initial process “assign instructor to applicant” is deﬁned as a method.
And object-sender and object-receiver are deﬁned in accordance with discussion above. Based
on a communication of objects deﬁned, it is possible to construct class diagram according to
rules of object-oriented system modelling [20].
Experiments with diﬀerent combinations of
of incoming and outgoing arcs in the model of
business process and a variety of diﬀerent data
types deﬁned in a concept model, where the data
type can be the same for incoming and outgoing
events or diﬀerent, give a possibility to deﬁne
diﬀerent types of relationships between classes.
The results of full investigations of all the possible combinations of two hemisphere model, which
gives a possibility to deﬁne relationships between
classes, are shown in [24]. The paper has a discussion of a possibility to share class responsibilities
and to encapsulate class attributes and methods
according deﬁned transformations from arcs and
nodes of two hemisphere model. The paper offers the description of tool for the usage of two
hemisphere model for class diagram generation
based on the deﬁned transformations.

4. Veriﬁcation of Transformation
within Two Hemisphere Model
Driven Approach
When the structures of input and output data
are known, it is possible to automate a pro-
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cess of input data transformation into output
data.Class diagram generation should consist of
four steps according to the application of two
hemisphere model (see Fig. 9):
1. construction of two hemisphere model;
2. generation of model elements and their interrelations in some structured form;
3. application of the transformation rules deﬁned (processing algorithm);
4. deﬁnition of class speciﬁcation in well structured form suitable for class diagram construction (for example, XML format).
One of the tools for business process modelling, which gives a possibility to construct two
interrelated models (business process and the
concept ones), is GRADE [7]. Indeed, GRADE
generates text descriptions of model with permanent structure, therefore it is chosen as a tool
for development of two hemisphere model and
further generation of textual ﬁles. It deﬁnes all
the elements of the model and their relations from
one into another. Generated text ﬁles serves as
an input information into the tool developed and
described in [27] in order to support the processing algorithm and XML ﬁle, which contains
structure of the class diagram required. XML
format of class speciﬁcation gives a possibility
to receive visual representation of class diagram
in any tool, which supports import from XML
for class diagram development. An ability to develop an automated tool for generation of class
structure in XML format demonstrated in [27]
proves, that transformations discussed in the paper are enough formal for programming. The tool
is applied for generation of class diagram from
two hemisphere model developed for problem domain of pupil application for learning in a driving
school shown in Figure 3. Classes, attributes, operations and relations among classes, which could
be determined from the business process diagram
and the data structure, were deﬁned applying
discussed transformations from business process
and concept model to class diagram. Figure 9 represents the structure of class diagram obtained.
One of the limitations of the approach is an
impossibility to deﬁne the full speciﬁcation of
methods with its arguments. This could be one
of the potential directions for future investiga-
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Applicant data
name
ID
address
apply_for_learning()
add_applicant_to_group()
Applicant

Group blank
time
address
form_group()
look_for_appropriate_group()
add_applicant_to_group()
assign_start_date_of_learning()
assign_teacher_for_group()

Group register
pupil
teacher
group data
learning dates
examination data
prepare_group_register()
assign_learning_dates()

Teacher data
name
load
form_list_of_teachers()
Director
Instructor data
name
load
car
form_list_of_instructors()

Driving card
pupil
instructor
learning dates
examination data
assign_instructor_for_applicant()
assign_learning_dates()

Figure 9. Initial structure of class diagram deﬁned based on transformations from two hemisphere model

tion of application of two hemisphere model for
generation of class diagram elements. In order to
verify the transformations oﬀered in the paper,
the transformations deﬁned for two hemisphere
model driven approach in addition to an example of driving school are applied in some more
examples: (1) problem area of hotel room reservation, where initial business process model is constructed in GRAPES notation [11] with CASE
tool GRADE [7], the two hemisphere model is
developed by authors and results of these experiments are shown in [23]; this case approve the
possibility to deﬁne class diagram by application of the transformations oﬀered in the paper;
(2) problem area of insurance system, where initial model is constructed in GRAPES notation
with CASE tool GRADE [7], the two hemisphere
model is constructed by developers of GRADE
tool as demo example and results of these experiments are shown in [25]; this case approve
an independence of the transformations oﬀered
in the paper from the constructor of two hemisphere model. The problem area of hotel room
reservation also is approbated by construction of
initial business process model in IDEF0 [14] notation with CASE tool BPWin. Unfortunately, it
does not provide construction of concept or object
model. Therefore attributes of classes, received
for hotel room reservation system with initial information in IDEF0 notation are missing in the
class diagram. Even in this case automation of
distributing methods among classes is important
contribution within software development. Ex-

periments on applying discussed transformations
from two hemisphere model into class diagram
in diﬀerent problem domain prove that transformations are independent from problem domain.
Experiments on applying transformation from
two hemisphere model, constructed in various
CASE tools and notations, prove that transformations from two hemisphere model into class
diagram are independent from used notation of
business process modelling, as well as CASE tool,
used for initial model creation.

5. Conclusion
The Model Driven Architecture is the central
component in the OMG’s strategy for maximising return on investment, reducing development
complexity and future-prooﬁng against technological change [29]. But still the “complete
code-generation capabilities” are no supported
in MDA tools and the more problematic stage is
exactly platform independent system modelling
based on knowledge about problem domain. Since
beginning of eighties a numerous accounts of
model generated software systems have been offered to attack problems regarding software productivity and quality [3]. CASE tools developed
up that time were oversold on their “complete
code-generation capabilities” [15]. Nowadays,
similar arguments are exposed to Object Management Group (OMG) Model Driven Architecture
(MDA) [34], using and integrating Uniﬁed Mod-
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elling Language (UML) models [28] at diﬀerent
levels of abstraction. Manipulation with models
enables software development automation within
CASE tools supported by MDA [5], [13], [19].
The paper discusses abilities on usage of problem domain knowledge presentation in terms of
two hemisphere model, which contains two interrelated models of system aspects – process
and concept presentation. The proposed transformations are applied to two hemisphere model
of application for driving school and classes with
attributes and diﬀerent kinds of relationships are
identiﬁed based on elements of process and concept models. The ability to deﬁne all the types
of transformations in a formal way gives a possibility to automate the process of class diagram
development from correct and precise two hemisphere model. On one hand, it enables knowledge representation in a form understandable for
both business users and system analyst, moreover
cover complete and consistent presentation of different system aspects. And on the another hand,
it supports the formal transformations of model
elements into elements of UML class diagram,
which often is a starting point during software
development by using nowadays CASE tools, especially in the ones following an idea of MDA.
The central hypothesis of this research is that it
is possible to apply the graph theory technique for
model transformation in the framework of MDA,
where the source model is deﬁned in terms of a
business process model, associated with a concept model, and the target model is deﬁned in
terms of a class diagram. Analysis of the system
models presented as a set of graphs developed on
the basis of the initial two hemisphere model enables derivation of the class diagram, which is the
central component of PIM and is suﬃciently detailed in order for the PSM to be generated. Two
hemisphere model gives a possibility to deﬁne
classes with attributes and operations they have
to perform, as well as diﬀerent types of relations
can be deﬁned between classes, based on analysis
of diﬀerent combinations of type deﬁnition for
incoming and outgoing ﬂows of processes of two
hemisphere model. At the moment authors try to
investigate the possibility of exact deﬁnitions of
method’s arguments based on information in two

71

hemisphere model and to investigate abilities of
usage of two hemisphere model for dynamic component of platform independent model expressed
in terms of object interaction and state transition. A deeper analysis of notational conventions
of nowadays available notations for business process modelling is required and could be stated as
one of further researches directions.
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