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1. Introduction

The Model Driven Architecture (MDA), being built under supervision of the Object
Modelling Group (OMG), separates the system business aspects from the system
implementation aspects on a specific technology platform [1]. MDA defines the approach and
tool requirements for specifying systems independently of platforms, specifying platforms,
choosing particular platform for the system and transforming business domain specification
into one for a chosen platform. The MDA separates certain key models of systems and brings
a consistent structure to these models. Models of different systems are structured explicitly
into Computation Independent Models (CIM), Platform Independent Model (PIM) and
Platform Specific Models (PSM) [2].

The PIM provides formal specification of the structure and functionality of the system that
abstracts away technical details. There are tools to generate a code from PSM, but are not
tools to generate a PSM from PIM. It is a serious problem, and this problem decision could be
in precise PIM construction to transform it to PSM automatically. Also there has to be rules
for PIM checking if it defines all problem domain concepts in the correct way.

The section 2 describes MDA and transformations during modeling process. The section 3
describes the stages of PIM development, and presents it in the graphics. Section 4
summarizes all information in one table. In this table is shown level of formalization of
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development stage for every discussed methodology. The conclusions of this paper are
depicted in section 5.

2. Model Driven Architecture

MDA and Model Driven Engineering (MDE) [3] propose a software development process in
which the key notions are models and model transformation. Software is build by constructing
one or more models, and transforming these into other models during this process. The
common idea of this process is platform independent model as input and platform specific as
output, such as the platform specific models can be easily transformed into a executable
format. In other words, the model driven process is commonly viewed as a code generation
process. [4]

2.1. Computation Independent Model

Computation Independent Model: is the model which defines how a business works without
reference to software systems.

The purpose of CIM is to represent real world system and to define requirements.
Programming concepts are not considered at this abstraction level. Sometimes CIM is called
also for a problem domain model or business model.

2.2. Platform Independent Model

Platform Independent Model: is the model which 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.[1]

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 unchanged on any programming platform. Nevertheless PIM usually is
accommodated to specific architecture style.[1]

2.3. Platform Specific Model

Platform Specific Model: is a solution model which 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) [1]. Platform can imply any of engineering and technological characteristics, which are
not important for program unit fundamental business functionality.[1]
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3. PIM model development

The goal of PIM model is to show the system from a business point of view. PIM describes
functional and nonfunctional requirements received from user interview, a system’s
environment and the way this environment interacts with a user. In the PIM isn’t included any
platform specific details for the functional requirements. PIM contains business environment
information, necessary algorithms and calculations, and information structure — everything
what is necessary for a software development. [1]. A platform is an engineering and
technological characteristic, which are not under the fundamental functioning law. A platform
in the MDA architecture is a wide concept — it can be an operating system or a programming
language or a technological platform (for example: CORBA, Java2 enterprise edition), it can
be a particular development platform also (Microsoft .NET).

Information about a system, about business environment in the PIM model is developed
step by step. The four main steps of PIM model development are defined during the [5] and
[6] works.

If the PIM model is transformed back to the PIM model, although with more detailed
information, so called model refining is used [1]. In this case the model is transformed from a
higher abstraction level to a lower, all the time PIM model is not dependent on other
platforms however.

In the PIM model development the following stages are selected::

e context PIM;

e requirements PIM;

e analysis PIM;

e components design PIM.

3.1. Context PIM

In the first step of PIM context defining, system’s software goals and system’s clear definition
must be chosen. PIM context defines system’s business principles, system’s boundaries and
system’s clear definition. PIM context’s problem is to make system’s description so clear, that
a human with no experience could understand it. First action of this step is to finding out
system’s goals and business principles, description system’s external actors, which interact
with the system, identifying business services and business objects [5]. Being based on [5]
and [6] context PIM definition can be divided in following steps:

e System’s context definition. In this step a system’s context is created. First, the system
itself is defined, its services, business principles and standards, system’s goals and
relations between the system and actors involved. The system is defined and described
using Class diagram.

e System’s boundaries definition. In this step a system’s boundaries, system’s relations
with other systems are defined. This step is represented using Use Case diagram.

o Actors definition. Each actor is related to a system through request service according
his interests. Actors are human and machines, which interact with the system.

o Business object definition. Business object helps to find out who does use the system
and what do actors give to a system.

o Data flows between system and actors definition.

e System’s functionality definition. Each system’s use case describes functionality.
System’s behavior is represented with a Sequence Diagram.
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Figure 1. Information flow in Context PIM

Step of PIM context definition shows system’s behavior with external objects, where
internal systems behavior is not considered. System’s collaboration with external actors
shows system’s behavior against functional areas.

Figure 1 shows the information flows and transformations required for first PIM part [7,8].

3.2. Requirements PIM

Once a PIM context is defined, requirements are specified. System is described from an
external point of view in this model. All client’s functional and non-functional requirements
are specified. Main tasks of PIM requirements definition step’s are context PIM refinement,
services identification, business use cases and business objects, which are created and used
with the system, actors, which interact with the system, to specify capabilities (functional use
cases), to identify and to model relations between functional and non-functional requirements
[5, 6].

¢ Functional requirements specification.

o Refinement of system’s context. System, actors, usage cases and business object are
refined. Overall services and actors are identified. Relations between business
objects and system are modeled in the Class Diagram.

o Organization and identification of system’s capabilities. Capabilities are functional
use cases. Those are organized accordingly identified functional areas in context
PIM. Capabilities help to find out and to check out model’s elements, which
represent system’s functional requirements (business objects, business events,
services). All the elements are described with a behavior, which is modeled with an
activity diagram, scenarios, which are modeled with a Sequence Diagram.

e Nonfunctional requirements specification. Nonfunctional requirements are described
and organized in higher level. Those are described by QoS (quality of service) or by a
platform constraint (for example, operating system, memory size). QoS are build of
QoS characteristics, using UML profile standard.
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e Functional and non-functional requirements relation. In the beginning, requirement’s
relationships are shown with capabilities and non-functional requirements. After that,
the QoS values are expressed — these are the QoS characteristics which were given to
the context as values and applied to the functional elements of the model, where it is
asked to.

The basic requirements model is created during process of refining of context PIM model

and following refining rules between different abstraction levels. This step could be done
partly or fully automatically with existing modeling tools.
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Figure 2. Information flow in requirements PIM

On Figure 2 is shown information, described in this part [7, 8].

3.3. Analysis PIM

Once requirements PIM identification and modeling is ready, PIM is being analyzed. Internal
system’s structure is created not considering technology or software. It shows system’s
functional specifications against environment and usage areas. Moreover, functional and non-
functional aspects are divided into separate groups. Functional describes system’s objects (for
example, with classes, attributes, packages), system’s functions (with operations) and its
boundaries (with external interfaces) also. However non-functional aspect is developed
according QoS notion [5, 6]. Analysis PIM steps are as follows:
e System’s external interface maintaining. The external interfaces between system and
actors are analyzed and maintained accordingly with requirements PIM specification.
Class and Component diagrams are used.
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e Domain analysis. Functional structure of the system is created. Using requirements PIM
specification, functional capabilities are fulfilled and checked out accordingly to each
scenario. All this is represented in Sequence Diagram.

e QoS analysis. Non-functional aspects in requirements PIM specification are defined.
Forces and QoS are analyzed and refined.
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Figure 3. Information flows in analysis PIM

Figure 3 shows described in this part information flows[7,8].

4. Comparison and discussion of PIM development methodologies

Methodologies, which were used to show information flows in PIM parts is joined in Table 1.
On the Figures 1, 2, 3 near to every information transition are enumerated methodologies,
which propose what should be received from one modeling stage to another, but how it could
be received methodologies describes in different level of formalization. To illustrate this
formalization level is shown Table 1 where formalization level of every element receiving is
shown.

In the Table 1 [9] are presented methodologies, based on which PIM was discussed in this
paper. Solutions in Table 1 are analyzed according to the ability of PIM elements derivation
from CIM and PIM transformation to PSM, which can be arranged according to the level of
automation.

The scale is the following:

Manual transformations (1) — only human, an expert, may take such a decision. In this case
all the decisions are made using an experience, subjective opinion. It is not possible to check
the results or support such transformations with tools.
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Transformations based on hints (2) — there are not any algorithms, how to perform
transformation, but there are some hints or guidelines, how to make a decisions. Nevertheless,
these transformations can not be supported by tools, because guidelines are not formalized.

Partly formal transformations (3) performed using special algorithms — in this case there
are some formal algorithms, which define, how to represent particular element of one model
into another model, but these algorithms don’t cover all the elements have to be transformed.
Thus, only part of the model may be transformed automatically.

Completely formal transformations (4) — all the process of transformation is defined in a
formal way, so complete transformation may be performed automatically [9].

MDA proposes that all model transformations (CIM -> PIM -> PSM - > code) must be
performed according to the fourth transformation type. Nevertheless, not any of the reviewed
solutions supports full circuit of MDA realization.

Table 1. Analysis of transformation abilities and their levels of automation in MDA realization solutions

Methodology)
OMT VMT| Larman| Quatrany| RUP 2HMD| 2HMD’

System analysis phase

Functioning definition 1 1 1 1 1 1 1
System boundary definition 1 1 1 1 1 1 1
System concept definition 2 2 2 2 2 2 2
Use case definition 1 1 1 1 1 1 1
IActors definition 1 2 3 2 3 3 3
System structure definition 3 2 2 1 2 3 3
System behavior definition 3 2 2 2 2 3 4
Relations definition 3 3 3 2 3 3 4
Activities definition 2 2 2 2 3 3 4
States of system artifacts 2 2 2 2 2 3 3
definition

State changes definition 2 2 2 2 2 3 3
System components definition 3 3 3 3 3 3 4

Based on Table 1 we could conclude that for now more formal methodologies is 2HMD,
which not only direct ,,what” should be done, but define ,,how™ .

The conclusion we can use in our further researches, to modify 2HMD methodology for
maximal formal and automatic approach to system analysis in the framework of MDA.

5. Conclusion
In this paper was described PIM development process and discussed PIM construction
approaches. In the PIM construction three main stages are selected:

e PIM context definition,
e PIM requirements specification
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e PIM analysis.

PIM context definition presents a system view. As well there system principles and goals
are defined. Interaction of external actors and business objects defines boundary of the
system. Business objects are needed for definition of system usage. The system functioning is
described with use cases. Each use case describe one part of system functioning. In further
modeling system context should be refined with behavior of system objects, and user
requirements. In this way is defined system internal behavior and PIM level of abstraction is
changed to more details.

The system requirements should be described during PIM requirements specification.
System behavior and requirements are described without any platform specific details, using
only functional specification. In this way PIM analysis stages are selected from nonfunctional
aspects.

In this paper different PIM construction methodologies are discussed. The main problem is
information transformations in PIM construction. In the paper the following methodologies
were discussed:

e OMT (Object Modelling Technique by J. Rumbaugh) [10],
VMT (Visual Modelling Technique by D.Tkach) [11],
Larman (strategy, proposed by C. Larman) [12],
Quatrany (strategy, proposed by T. Quatrany) [13],
RUP (Rational Unified Process by J.Rumbaugh, 1. Jackobson, G.Booch) [14],
2HMD (Two Hemisphere model driven approach, proposed by O. Nikiforova and
M. Kirikova) [15]

e 2HMD’ approach [8] (refined Two Hemisphere model driven approach, proposed

by N.Pavlova and O. Nikiforova).

Every methodology proposes PIM construction steps. These steps were combined in
figures 1,2,3. Figures present every stage of PIM constructions.

During PIM construction a lot of information was transformed. For every phase in every
metodology of PIM construction there is defined formalization level. The Table 1 presents
grades of formalization for every selected stage. Grade of formalization is in interval from 1
to 4, where 1 is undefined transformation, and 4 — fully formal transformation.

Analyzing Table 1 we can conclude, that more formal is refined 2HMD approach.
Received here conclusion could be used in further researches — for defining of every
methodology detail activities. And based on it will be possible to create common two
hemisphere model for full PIM construction process using activities from different
methodologies.

This work has been partly supported by the European Social Fund within the National
Program "Support for the carrying out doctoral study program's and post-doctoral
researches" and by a grant No. ZP/2005-02 of Riga Technical University within the project
“Application of Two-Hemisphere Approach for Development of Flexible Architecture for
Software Engineering Body of Knowledge

References

1. MDA Guide Version 1.0.1/ Internets.- http://www.omg.org/docs/omg/03-05-01.pdf
2. Anneke Kleppe, Jos Warmer, Wim Bast, MDA Explained : The Model Driven Architecture —
Practise and Promise, Addison Wesley, 2003., 192.1pp

25



3. Stuart Kent. Model driven engineering. In Proceedings of IFM2002, volume 2335 of LNCS.
Springer-Verlag, 2002

4. Anneke Kleppe. “MCC: A Model Transformation Environment”, A. Rensink and J.Warmer (Eds.):
ECMDA-FA 2006, LNCS 4066, pp. 173-187, 2006. Springer-Verlag Berlin Heidelberg 2006

5. Process Model to Enginecer and Manage the MDA approach, 2003, / Internets:.-
http://modeldrivenarchitecture.esi.es/mda_publicDocuments.html

6. Daniel Exertier, Benoit Langlois, Veronique Normand, UML Specialisation Approach, MASTER:
WP2 MDE Foundation, 2003., / Internets.-
http://modeldrivenarchitecture.esi.es/mda_publicDocuments.html

7. Pavlova N., Nikiforova O. An overview of advanced approaches for construction of platform-
independent system model, Scientific Proceedings of Riga Technical University, The 5th Series —
Computer Science. Applied Computer Systems, 2005

8. Pavlova N., Nikiforova O. Formalization of “Two-Hemisphere Model Driven Approach in the
Framework of MDA” Proceedings of the 9th International Conference “Information System
Implementation and Modelling” (ISIM’06), April 25-26, 2006, Pterov, Czech Republic. - Ostrava:
Jan Stefan MARQ., 2006. — 105-112 pp

9. O. Nikiforova, M. Kuzmina, N. Pavlova, Formal Development of PIM in the Framework of MDA:
Myth or Reality, Scientific proceedings of Riga Technical University, series — Computer Science,
applied Computer Systems, 7th Thematic Issue, 2006 — in press

10.Rumbaugh J. “OMT: The Developing Process”, Journal of Object Oriented Programming, No.8,
pp 14-18, 1995

11.Tkach D., Fang W., So A. “Visual modelling technique: object technology using visual
programming” — Addison Wesley, 1996

12.Larman C. ”Applying UML and Patterns: An Introduction to Object-Oriented Analysis and
Design”, Prentice Hall, New Jersey, 2000

13.Quatrany T. "Visual Modeling With Rational Rose 2000 And UML". Second Edition, Addison-
Wesley, 2000

14.Jacobson 1., Booch G., Rumbaugh J., "The Unified Software Development Process”, Addison
Wesley, 2002

15.Nikiforova O., Kirikova M., “Two-Hemisphere Model Driven Approach: Engineering Based
Software Development”, Proceeding Of The 16th International Conference Advanced Information
Systems Engineering Caise’2004, A. Persson And J. Stirna (Eds.), Lncs 3084, Springer — Verlag
Berlin Heidelberg, 2004., Lpp. 219 — 233

Cukina J., Pavlova N., Nikiforova O. PIM izstrade MDA ietvara

Modelu vadama arhitektira (MDA) ir jauna pieeja programmatiras izstrade, kura paredz sistémas
funkcionalitates atdaliSanu no platformas specifikdcijas, uz kuras sistema tiek veidota. Galvena uzmaniba MDA
ietvara ir veltita sistémas no platformas neatkarigajam modelim, no ka ir atkariga no platformas atkariga
modela un koda iegiiSana. Lai no platformas atkariga modela biitu attélota pilnigi sistema no PIM modela, PIM
modelim jabiit formalam, tas ir, PIM konstruésanas gaita informdcijas trasnformacijam jabiit automatiskam. Sis
pétijums apraksta PIM modela konstruéSanas etapus un analizé dazadu metodologiju piedavatas pieejas PIM
modela formalizdcijas iegiiSanai. Dotaja raksda autores apskata popularakos sistémas modelésanas
metodologijas, lai uzzindtu, nevis kas tiek transformeéts PIM konstruésanas gaitda, bet ka tas ir transformets.
Izpétot ka tiek transformeta informacija PIM modeli, var noteikt katras metodologijas piedavatu formalizacijas
pakapi. Katra metodologija tiek izdalitas fazes PIM konstruésand, un apkopojot to sastadita tabula ar katras
konstruesanas fazes formalitates novértejumu. Raksta beiga tabula parada katras metodologijas formalizacijas
liment.

Chukina Y., Pavlova N., Nikiforova O. Development of Platform Independent Model in the Framework of
MDA

Model Driven Architecture (MDA) as an OMG standard is one of the most effective amongst them. MDA is
based on models which distinguish between a system functionality specification and this specification realization
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on a given technological platform. A model helps to ensure it. MDA consists of four models: CIM (Computation
Independent Model), PIM (Platform Independent Model), PSM (Platform Specific Model) and code model, all
these are parts of the MDA transformation line: CIM—PIM—PSM—code. Each of the models differs by its level
of abstraction which diminishes closing to a code. CIM model is called a business model, as it describes a
system requests and an environment which this system will be used in. After a CIM model creation a PIM model
is created, which describes CIM model business process’ platform dependent software system. Using
transformation tools or manually a PIM model is transformed into a PSM model, a platform dependent model
(.NET, CORBA, Web Services, XMI/XML, Java). A code will be generated through a PSM model transformation.
The most vital stage in a transformation line is PIM->PSM. To provide automatic transformation, a PIM model
has to be created using a language which is able describe a system from various points of view, system behavior,
system’s business objects, system actors, system use cases and so on. MDA supposes different realization
solutions. Each of the solutions provides its own approach to the full transformation line. A solution’s base is
modeling techniques. In the paper several strategies proposed by different authors are discussed. None of them
realizes a full MDA automatic transformation line. However, each approach’s ideas provide a good basis for
new creations within automatic transformation line realization’s future.

Yykuna E., I1agnosa H., Huxugoposea O. Pazpabomka nnamgopmo nezasucumoit mooeau 6 pamxax M/IA
Apxumexmypa Ynpasisemas Moodenvio (MDA — Model Driven Architecture) sensemcs naubonee egpgpexmugnoii
cpeou nux. MI[A ocnosana na mooensx, deaswuxcsi Ha cheyugpuynvle 05l GYHKYUOHUPOBAHUSL CUCHEMbL U
peanuzayuu 3mozo QYHKYUOHUposanus 011 OanHou mexnuveckou niameopmol. MIJA cocmoum ux wemwvipex
mooeneit —Mooenv Hesasucumas om Buvuucnenuii (CIM — Computation Independent Model), Ilnamgopmo
Hesasucumasn Mooenv (PIM — Platform Independent Model), Cneyugpuunasn ons Ilnamgopmer Mooens (PSM —
Platform Specific Model) u modenv npoepammnozo koda. Bce smu moodenu 6xo0sm 6 IUHUIO MPAHCHopMayuu
CIM—>PIM—PSM—code. Kaosicoass u3z smux moolenei omiuvaemcs yposHem abCmpaxyuu, KOmopbslil
yMenvuaemcs npubnudicascy Kk modenu kooa. Heszasucumyro om Beiuucnenuti Mooenv nazvieaiom mooenvio
busneca, max Kak OHA ONUCHLIBAem CUcmeMHvle mpebosanus, u cpedy 6 KOmopou cucmema Oyoem
ucnonvzogamscs. Ilocne coszdanus Hesasucumoti om  Bowyucaenuii Moodenu 06bluHO  KOHCMPYUpyom
ITnamepopmo Heszasucumyio Moodens, komopas onucvléaem agmomamusupyemvle dusmnec npoyeccuvl. Mcnonv3ys
mpancpopmayuonnvle cpedcmea, umu epyunyrlo Ilnamgpopmo Heszasucumyio Mooden» npeobpaszyiom 6
Cneyugpuunyro ona Ilnamgpopmur Mooerv. Koo doadxcen ovimv ceenepuposan ucnonvzya Cneyuguunyio 0is
Inamghopmor Moodenv. B uepede mpanchopmayuii naubonee sazicnou aeisemcs mpancgopmayus PIM->PSM.
Il obecneuenus asmomamuyeckou mpancgopmayuu Ilnamgpopmo Heszasucumas Modenv Oondcna Ovimo
COeNaHa UCNOAb3YSL S3bIK MOOEIUPOBAHUsl, CNOCOOHbIL O0MOOPA3UMb CUCHEMY C PA3HbIX MOYeK 3DeHus,
nosedenue cucmemvl, OusHec 06veKmMvl cUcCmeMbl, akmépos u apuanmel ucnoavzosanus. MDA npednacaem
pasuvle peutenus peanuzayuu. Kaoicooe peuwienue obecneuusaem coOCMEeHHbINl NOOX00 K HOIHOU uepede
mpancopmayui. B cmamve paccmompenvi memoodicuxu, npeonodcenHvle pasiuyHviMu - agmopamu. K
CONCANEHUIO HU OOHA U3 NEPEHUCTCHHBIX BbIUE MEMOOUK He obecneyusaem NoaHblll npoxod mpancgopmayuil. B
mo oce 6pems uoes KanicOou Memoouxu O0aém XOopouiylo OCHO8Y Ol peanu3ayuu  agmoMamuyecKux
mparcghopmayuil.
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