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FOREWORD

The 5-th International Scientific Conference APPLIED INFORMATION AND
COMMUNICATION TECHNOLOGIES aims to cover practical aspects of ICT applications
in different fields encouraging interdisciplinary approach and contacts among scientists from
different branches. Our goal is to bring together researchers, scientists, engineers,

practitioners, educators and students to achieve.

The collection of international scientific conference proceedings contains 59 reports by
authors from Latvia, Lithuania, Estonia, Ukraine, Russian Federation, Japan. The reports are
divided into the following seven parts:

e Modelling and Simulation Technologies

e |ICT Tools and Methods

e Industrial Applications of ICT

e Information Technology in Biology

e ICT in Agriculture

e ICT in Education

e |ICT in Agrometrics Studies

We are sure that because of the high quality of the participants the goals of the conference

will be met. Many thanks to all the contributors and participants in the conference.

Asoc. prof. Aleksandrs Gailums

Chairman of Organizing Committee
Latvia University of Agriculture
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DEVELOPMENT OF THE ToOL FOR TRANSFORMATION OF THE Two-
HEMISPHERE MODEL TO THE UML CLASS DIAGRAM: TECHNICAL SOLUTIONS
AND LESSONS LEARNED

OKSANA NIKIFOROVA, NATALJA PAVLOVA, KONSTANTINS GUSAROVS, OLEGS GORBIKS,
JURIJS VOROTILOVS, ALEKSEJS ZAHAROVS, DANIELS UMANOVSKIS, JANIS SEJANS

Riga Technical University, Latvia
{oksana.nikiforova; natalja.pavlova; konstantins.gusarovs; olegs.gorbiks; jurijs.vorotilovs; aleksejs.zaharovs;
daniels.umanovskis; janis.sejans}@rtu.lv

Abstract: The Unified Modeling Language (UML) is an industrial standard for object-oriented software
specification, which offers notational conventions for system modelling at the initial stage of software
development. Despite the number of different approaches to development of UML class diagram based on formal
transformations of its elements from the problem domain, still there is no widespread tool available for
automatic generation of UML class diagram from some form of the problem domain description. Four
components form the architecture required for development of such a tool, namely, the drawing environment for
source model, export of source elements for their transformation to target, definition of transformation rules
themselves, import of the target model into some UML-compatible modelling environment. The paper presents
the process of how BrainTool was developed by a research group in Riga Technical University and how it
generates the UML class diagram from the two-hemisphere model. Authors of the paper share their experience
on the selection of technical solutions for BrainTool implementation and mention several lessons learned during
the development process.

Keywords: Model transformation tool, Two-hemisphere model, UML class diagram, BrainTool, Sparx
Enterprise Architect.

Introduction

Models play an important role in the development of software systems. Currently, models and model
transformations are the central component in software development and it is clear that the importance of models
will increase (van der Aalst, 2007). Models can be used to specify the system in a graphical view, understandable
to analysts, developers and even customers. Usually, the system model is organized as a set of diagrams, where
specific notation is defined for each diagram and regulates diagram syntax and semantics. As far as system
models are abstractions that portray the essentials of a complex problem or structure by filtering out non-
essential details, models make the problem easier to understand. Thus the systematic approach to derivation of
the system model from the information about the problem domain and the tool supporting the automation of this
process is strictly required. Forester’s research (Vollmer et al., 2010) confirms that tools to support models and
modeling at the initial stage of software development are the modern trend in business process modelling and
analysis. Therefore, the focus of the automation of software development is shifted from automatic code
generation from the UML diagrams to the automatic modelling of the UML diagrams and further code
generation from them. Here, the valuable diagram became the UML class diagram, which specifies the structure
of the developed system and static information about system behaviour. The UML class diagram is used to
model class specification and serve as a “bridge” between the information about problem domain and the
information required for definition of software components and their architecture. Currently, researchers are
trying to achieve a high enough level of automation in the creation of the UML class diagram and its derivation
from information about the problem domain. Moreover, an increasing number of developers admits the necessity
to model system at the initial stage of the software development project, and the models are increasingly used to
specify the system and its processes at the business level (Rittgen, 2010; Vollmer et al., 2010).

The authors of (Loniewski et al., 2010) shows the result of analysis of different approaches to transformation of
the problem domain description into the UML class diagram during last 10 years, published in four digital
libraries (IEEEXplore, ACM, Science Direct, Springerlink). The survey states that there exist enough approaches
with different types of solutions for the generation of a UML class diagram and half of them are automated and
supported by tools. However, the authors of (Loniewski et al., 2010) stress that these tools are not widely used
practically and are created to approve the automation level of the approach offered by their vendors (Loniewski
et al., 2010). Other researchers investigating the functionality of the UML modelling tools and model
transformation tools raise the question about the ability to define the tool chain to cover all the necessary
activities for software system development. For example, the authors of (Kappel et al., 2011) mention the lack of
a conceptual view on the integration problem and appropriate reuse mechanisms for already existing integration
knowledge, which forces the developer to define model transformation code again and again for certain recurring
integration problems in an implementation-oriented manner, resulting in low productivity and maintainability of

http://aict.itf.llu.lv 11
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integration solutions. The authors of the paper consider that the maturity level of advanced modelling and model
transformation tools is not enough to support the full chain of software system development. Thereby, despite
the number of approaches to automatic creation of the system model and further code generation from it, the
variety of tools supporting the system modelling at the initial stage of software development is reduced to UML
editors and “tight” code generators.

The authors of the paper solve the task of tool development to support generation of the UML diagram from the
initial model of the problem domain expressed in terms of the two-hemisphere model (Nikiforova, 2002) and
analyse technical abilities of current solutions to create such a tool. The tool is titled BrainTool as it supports the
two-hemisphere model, the name of which comes from the cognitive psychology and analogy with the human
brain. The main idea of creation of such a tool creation is to borrow the architectural and practical solutions used
for the implementation of the code generator from the system model, where the code also is considered as a
model. Here, the problem is to raise up the level of abstraction generating the system model from the domain
model to ensure more precise source for code generation.

The paper is structured as follows. The four components needed to implement such a tool-generator define the
rest of the paper. The second section describes the essence of the two-hemisphere model and the technical
solution for the diagramming of such a model. The third section offers the pseudo code of the main
transformations defined by the two-hemisphere model-driven approach, which allows generating the UML class
diagram from the initial information about the problem domain, expressed in terms of business processes and
conceptual classes. The fourth section raises the issues in the presentation of the generated model, namely
diagram layout and a modern solution for its algorithmisation. The solution for the presentation of the UML
class diagram and the problems concerning the layout of the generated diagram are discussed in the fifth section.
The sixth section mentions several incompatibilities among modelling tools in solution of the task of model
import/export and gives several recommendations on how to complete these problems. The authors analyse the
variety of modern system modelling and code generation tools and define the position of BrainTool in the
seventh section. In the conclusion the authors discuss the technical solutions and lessons learned in solving the
task of development of such a model generator and stress the necessity to elaborate the area of tool development
and model usage during software development.

Development of the Two-Hemisphere model editor

The main idea of displaying the initial information about the system with two interrelated models — the business
process model and the concept model was introduced in 2002 (Nikiforova, 2002). The name of the approach, the
two-hemisphere model, was defined in (Nikiforova and Kirikova, 2004), where the hypothesis about how to use
two interrelated models to share the responsibilities between object classes was demonstrated on the example of
a driving school. By analogy with the human brain, which consists of two hemispheres harmonically interrelated
for an adequate human behaviour, the two-hemisphere model requires the harmony of the presentation of the
problem domain for future software development with two interrelated models. Here, the business process model
displays behaviour of the system; the concept model displays a skeleton of the system’s static structure. So far,
the first task authors had to solve was to develop the modelling environment or a two-hemisphere model editor
which would give the possibility to create model, to operate with it and to save the model in a format suitable for
further transformation. Figure 1 shows the general view of BrainTool, which is developed to support the two-
hemisphere model and is the object of the experiment. The screen of BrainTool is divided into three parts. The
information panel on the left side of the screenshot shows the list of elements defined by the two-hemisphere
model. The working area of the tool is divided into three drawing frames - the process model, the concept model
and the resulting class diagram (at the bottom). The tree view of all objects defined in all models (including the
resulting model) is shown in the right part of the screenshot in Figure 1.

To solve the task of the development of modelling environment for the two-hemisphere model, the authors had
to pick a technology for implementation of the model editor and transformation. The .NET environment and C#
programming language were selected for the experiment on the development of the model editor. The following
non-functional requirements would be the key factors in technology selection:

Rapid development.

Minimalistic interface not associated with any IDEs.

Non-commercial availability.

Cross-platform support.

Authors consciously didn’t use a special environment for creation of modelling language, such as Eclipse,
MetaEdit, Visual Studio Visualisation and Modeling SDK or Isis GME because the aim of the experiment was to
try to create the tool from scratch and to catch potential problems for future developers. Therefore, the selection
of .NET environment and implementation of the model editor in C# also may not be the best choice for
development of such a tool, but is quite good for the experiment.

http://aict.itf.llu.lv 12
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Fig.1. General view of BrainTool.

The fact that the diagramming environment for the creation of the two-hemisphere model and operating with it
was developed by a group of 4 programmers in two months allows the authors to claim that the programming
environment and the selection of the programming language is not the determining factor in development of such
a tool. In turn, despite the fact that development in Eclipse of a model editor with similar complexity as the two-
hemisphere model maybe would require only one programmer and one week, the authors can claim again that
the selection of the environment has an impact only on the time, cross-platform support etc. The result of the
experiment done and the lesson learned is the fact that the development of the modelling environment with up-
to-date technologies is possible and real and the implementation environment is not a factor which could
deadlock or stop the attempt to create such a tool.

Implementation of transformations from the Two-Hemisphere model to the UML class diagram

The two-hemisphere model driven transformations are based on the transformation of graphs, where nodes of
one graph become the edges of the other graph, and edges of the first graph become the nodes of the other. The
meaning of objects in an object-oriented philosophy gives a possibility to share responsibilities based on the
direct graph transformation, where the data flow outgoing from the internal process becomes the owner of this
process for performing it as an operation.

The essence of the transformation is illustrated on the left side of Figure 2. The business process model (graph
G1 in Figure 2) is interrelated with the concept model (graph G2 in Figure 2) as follows — concepts in the
concept model define data types for events between business processes. The main idea of the transformation is
based on graph theory. The business process model is transformed into intermediate model (graph G3 in Figure
2), when edges of the business process model became nodes of intermediate model, and nodes of business
process model became edges of the intermediate model. The intermediate model serves as a base for construction
of the communication model. The concept model allows determining classes with attributes. The communication
diagram serves as a base for the definition of classes-owners of methods. Details about usage of the two-
hemisphere model are expressed in (Nikiforova et al., 2008; Nikiforova and Pavlova, 2009; Nikiforova and
Pavlova, 2011).

The right side of Figure 2 shows the interpretation of the transformations defined by the approach after the
transformations have been studied for the implementation. So far, the left side of the Figure 2 shows the
transformations defined by the approach of the theoretical investigation of the sharing responsibilities among
objects and the right side of the Figure 2 shows the situation as it is simplified for tool development. The
elements of the business process model are transformed into the UML class diagram directly. The edges of
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business process model became the nodes of the UML class diagram. The nodes of business process model
became the methods of the classes, which were the outgoing data flows of the exact business process.

Process '\fdﬂ\/ Ex?e;\; ;,,(;;5;1\) 61 Concept Model G2 Process ModeX Ex:e;\;l l;roiceiss?\/‘ Concept Model
_ ~e_l ) _———— ol _——m——
T A A -
N
/] /
/ _ Internal Process \)— R _> \\ // Internal Process e ——
- - ~ -
/ 4 Data Flow s €~ | AN /! baariows 4~ |
I, AN ™\ Y R |
A== {\Extemal Process E/\ \ ‘/ W / / /(\Extemal Process g/‘ / |
”””” / N TR Attt / '
\ / /’ 1 / II / // |
N /
\ \ Intermediate & / Communication & /) / ] / / |
\\ Model v, Diagram _ _ — exlemaLprocess;.d / | / / \
\\ X ‘ / P / (. \
External Process 1., P / | 1 /
\ /| _ y A / \
\ A7, / \ \
™ ;L , \bmernal_procesgﬂ VI / \
N
intemal Process ~ / / - N ol II \
[/ \ A ; \
A\}
< Extemal Process2 / \ \Le“e'"a‘-pmcess—?()\ \ / \
% / [IEA \
Il N \Y !
t / < N AN / \
T ¢ = / S 14 X
lass Di R Clasg D}
e - T e ) |
I — e | / ————
m s AN i
b2 N ~Z
- -—
intenal_process() 7‘ S~ T —— ¥ intemal_process()
exteral_process2() ~— _ _ ____ | extemal_process2()

Figure 2. Simplification of the two-hemisphere model transformation for its implementation.

In correspondence with (Kleppe et al., 2003) the transformation is the automatic generation of a target model
from a source model according to a transformation definition. In the case of BrainTool, the source model is the
two-hemisphere model consisting of the process diagram, the set of concepts and linkage of the concept to the
data flows. The target is the UML class diagram, which is a set of classes, class methods, class attributes,
interfaces and relationships between classes and interfaces.

To define model transformations it is also necessary to find an appropriate platform. Various transformation
languages exist, for example ATLAS (Eclipse, 2011), OMG QVT (OMG, 2005) and others. However, it is
necessary to integrate the model transformation component with the model editor and present a way to extend
the tool with new transformation definitions. In this case C# lacks the integration with model transformation
languages. The easiest way to create the bridge between the model editor and the model transformer is to define
transformations as external programs executed by the tool. It allows potential contributors to extend the tool by
using any programming language that is capable of understanding BrainTool’s XML format. Authors have
chosen the Python language because of its script nature and high expressiveness, which enables rapid
transformation implementation.

The first transformation task is to generate classes of resulting UML class model. Classes are created from

concepts and retain their attributes. Following high-level pseudocode expresses the idea of this transformation:
func generate classes(process model pm, concept model cm, class _model clm)
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.outputs())
u_outputs = node.output set().cardinality

if u_inputs = 1 and u_outputs = 1 and outputs != 1 then
for each output in node.outputs() do
clm.create class_ from(output)
clm.define generalization (output, node.input set())

Example in Figure 2 shows the simplest transformation case, when a process has one input event and one output
event. However, based on combinatorics we have determined 19 transformation cases, which are described in
(Nikiforova and Pavlova, 2009). The transformation cases differ from one another with the number and
combinations of input and output events and their types expressed as concepts. All 19 cases allow conclusions
about classes — owners of methods, and about relations among classes, where it is possible to define such kinds
of relationships as aggregation, generalization, dependency and association (Nikiforova and Pavlova, 2009).

Cardinalities (the number of different concepts linked to data flows) of process’ inputs and outputs are used to
determine generalization between the classes created. Also this information is used to define aggregation,
association and dependency between elements of the UML class diagram. Processes from the process model

become class methods as a result of the transformation, which can be expressed in such a pseudocode fragment:
func assign methods (process model pm, concept model cm, class _model clm)
for each process in pm do
classes = node.get classes(clm)
inter = null
if len(classes) > 1 then
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inter = clm.create or get interface(classes, node)

for each ¢ in classes do
c.add_method (node)
if inter != null then
clm.define realisation(c, inter)
Method assignment to classes gives the possibility to define interfaces and realisation relationship in the UML
class diagram. So, as a result, the target model consists of classes with methods and attributes, interfaces with
methods and five types of relationships: generalization, dependency, aggregation, association and realisation.

Presentation of the UML class diagram and problems concerning the layout of the diagram

When performing model transformations with models represented by diagrams, the issue of the diagram layout
becomes very important to solve. Contents of the target model gained may differ from the source model highly
and the information about the layout of the source model may be unusable in this case. One more aspect that
makes this task important is the perceptual aspect. The model should be demonstrative enough so a developer
could check as fast as possible if the result received from series of transformations satisfies his needs.

The target model in the two-hemisphere model-driven approach is the UML class diagram, which can be
represented as a graph. Initially the general graph layout algorithm can be used to place elements of the UML
class diagram, for example — force-based algorithm (Dwyer, 2001). However, the UML class diagram is a
specific graph, which requires special representation to be as demonstrative as possible. Relations between
elements of the diagram may be vital for model understanding and general purpose layout techniques may fail in
making this information representative enough. Therefore, several researchers turn their attention to repurposing
the specific algorithms to solve the layout problem in the UML class diagram scope, e.g. (Eichelberger, 2005;
Andriyevska et al., 2005).

Authors of (Wong and Dabo, 2006) propose specific requirements for a class diagram representation based on
perceptual theory. The authors of the present paper analyse issues in the area of the UML class diagram layout in
(Galapovs and Nikiforova, 2011b; Galapovs and Nikiforova, 2011a), where several recommendations on the
main requirements for the layout algorithm were defined. However, such an algorithm is not trivial in
comparison to other graph layout techniques and still the problem is not solved. Moreover, some of the
requirements for the UML class diagram layout, e.g. those defined in (Wong and Dabo, 2006), are conflicting. It
also slows down the creation of the solution for the automatic layout in a modelling tool like BrainTool.
According to (Hofman and Piasecki, 2006) there is no deterministic algorithm to find the optimal solution in
such a case. The current version of BrainTool requires the target model to be laid out manually. However, this
problem is not tool-specific and the layout algorithm can be integrated with BrainTool at any moment it might be
defined.

Several issues in solving the task of model interchange between modelling tools

The modern trend, which is model driven software development, states the ability to define tool sets, which are
integrated to make a complete development environment. In our case, the set can be defined as a tool for the
UML class diagram creation (it is BrainTool) plus the powerful modelling environment for operation with UML
diagrams and further code generation from them. Therefore, to become compatible with such the modelling
environment, the created tool has to have export abilities of the generated UML class diagram and its further
import into such a modelling environment.

Initially the