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Abstract - A modern approach to software development inclu-
des a wide variety of processes, which are used tegulate and
manage the entire development life cycle. One oféhmain aspects
to be considered during the preparation stage of $wvare
development is the selection of the right tools. Neadays when

software systems become more and more complex, an

inappropriate selection of the tools may cause preft not to
succeed at all. That is why the main challenge of ¢hindustry is
still aimed on the simplification, optimization, ard automation of
software development process. One of the ways toalevith an
increasing complexity, as well as not to dig intohie details of the
source code, is to use modeling. A model-driven apgach, mainly
represented by OMG’s Model Driven Architecture as he most
advanced and popular one, purports to be the nextvelutional
milestone for the whole software industry. In fact,most of the
tools currently available on the market are claimedas “MDA
complaint,” though have never been checked or anahgd for that
compliance. Therefore, there should be a certific&n program
defined to figure out the main features of each tdan accordance
with OMG standards. The original article proposes afoundation
for certification of MDA tools. In particular, this includes the
specification of the most common features and optis defined to
clarify the accordance level of each tool from vadus
perspectives.

Keywords: CASE tools, model driven architecture (MDA),
model driven development (MDD), software developmenlife
cycle

|I. INTRODUCTION

Non-technical aspects aside, selecting the apmipri

of the requirements, selected to classify the tardé MDA
tools. Furthermore, the research concludes the ritapce of
the specification and proposes a scope of problembe
reviewed in further research.

[l. SOFTWARE DEVELOPMENTLIFE CYCLE

In brief, a software development life cycle is ddesed as
a foundation for any method (methodology) used bae t
design and development of a software product [Bki@es, it
is a continuous process, which starts with a decidio
develop a software product and ends at a momeren e
developed software product is disposed [3].

In order to regulate the structure of the software
development life cycle, as well as the processeésaativities
within it, the international standard ISO/IEC 1220&s been
proposed [4]. This standard establishes a commamework
for software life cycle processes, with well-define
terminology that can be referenced by the softwadastry.

According to ISO/IEC 12207, the structure of softwa
development life cycle includes the following tweogps of
processes: System Life Cycle Processes and Softsymeeific
Processes [4]. The former group of processes irstud
1. Agreement Processes;
2. Organizational Project-Enabling Processes;
3. Project Processes;
4. Technical Processes.

The latter group of processes is represented by:

methodology is only a half step to succeed in safew 1. Software Implementation Processes;
development. The other half of success relies oe tR. Software Support Processes;

appropriate tools. By no means, this is true fonast every
field nowadays. In case of software developmermt,mtoblem
is how to make the right choice, i.e. how to seldut
appropriate tools that will automate all of the tines, which
software developers do nowadays.

3. Software Reuse Processes.

In turn, each group of processes is divided intogsoups,
where every process features the performance ofepse
specific activities and solution methods [3].

However, this standard is not designed towardsspegific

The original paper contains a research on ModeVebri life cycle model [3]. Therefore, the main emphasisthe

Architecture, reviewing the model-driven approach
software engineering within the variety of the CAS&ibls,
which are proposed as supporting for MDA activitigd$e
goal of the paper is to propose a specificatiorcfassification
of MDA tools — the first milestone in the developm®f the
certification program. This paper provides a sunymaf
research [1].

The paper is organized as follows. Section Il pesi a
brief overview of software development life cycl&his
includes the ISO/IEC 12207 standard, the varietgaffware
development methods, techniques, and approacheglbas
the most current trend — modeling. A scope for gjgation of
MDA tools is defined in Section lll, including a st review

tstandard is to provide regulations for any kindsoftware

development models, methodologies, and approaches.

A. Background

The process of software development as such cattitm
evolve [5]. Since the actual beginning of the safvindustry
dozens of various approaches, techniques, and sddele
been proposed. Some of them had a major impacbentie
software is built nowadays.

The following models formed a basis for software
development [3]:

e Waterfall model (1970 — 1985);
e Spiral model (1986 — 1990).
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The waterfall model represents a sequential way
software development, where progress is seen agnfiolike
a waterfall through the stages of software devekmniife
cycle [3], [6]- To proceed from one stage to anottee
preceding stage should be completed and perfelcte@dder to
provide an additional flexibility, various modifigans of the
waterfall model have been defined.

In turn, the spiral model approach combines théufea of
the waterfall and prototyping models in an effareimphasize
the initial stages of software development—requéanta
specification and design [3], [7]. In spiral modtle process
of software development is iterative, meaning thatactual is
done without affecting the former one. The spirabdel
approach is typically intended for large projects.

The process of software development may also irvite
other activities, not necessarily the ones that elosely
associated with a development process itself (design or
implementation stage) — risk management, humanureso
management, etc. In fact, this facilitated the digthment of
various integrated approaches, such as Rationafiedni
Process (RUP) and Microsoft Solutions Framework FMS
(8], [9].

RUP provides a disciplined approach to assignisgstand
responsibilities within a development organizati®. The
primary goal of RUP is to provide the developmehtigh-
quality software and meet clients’ expectations himit a
predictable schedule and budget. In brief, RUP istssf four
stages (phases), which may include several itergtiand nine
disciplines (six engineering and three supportiiggiglines).
The purpose of initial iterations is to perform tieguirements
analysis and planning disciplines, while furtheerdtions
mainly are concerned with the actual developmentthef
software product.

Microsoft Solutions Framework (MSF) is a deliberated
disciplined approach based on a defined set ofciplies,
concepts, guidelines, and proven practices fromrdgiaft
Corporation [9]. MSF does not force the develogersise a
specific software development model (e.g., a watlenfiodel),
providing a choice instead. The MSF Process Modéhis-
model actually defines the software developmest dijcle —
combines concepts from both waterfall and spiratiet® As
a result, the combination of both incorporates libaefits of
milestone-based planning from the waterfall modéh wthe
incrementally iterating project deliverables froime tspiral
model.

However, when the primary goal of the developmeant
is rapid software development and delivery, thelé@giethods
may be used [10]. In general, Agile methods promate
disciplined management process, where frequenteatigm
and adaptation of the final product is performeakks are
divided into subtasks (increments), no direct |bosign

planning is performed. The whole development prece

remains iterative, through.

The list of the well-known agile methods include$ X
(Extreme programming, considers responsivenessetpuént
changes in client’'s requirements), Scrum (considets of
practices and predefined roles), DSDM (Dynamic &yst
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f@evelopment Method, which considers the continuaser

involvement during the whole development process)d
many others.

B. Trend Towards Modeling

In 1970s and 1980s, most of the software systems we
developed using structured methodology [3]. Thist-me
hodology is based on a simple graphical approdehattual
model of the software system is described usingmsels and
diagrams in a formal way. Structured analysis gemvides
the ability for client to participate in the devploent process
(in informal way).

However, the reality was challenging enough: it Wwasd to
implement the structured methodology into the dewelent
process due to lack of tools [3]. Moreover, theuctred
methodology itself does not provide any flexibility manual
software development either. Therefore, a new iimisof
tools was founded to satisfy the needs of softwimneelopers
— Computer-Aided Software Engineering (CASE) td8ls

The development of a new software product requaes
variety of tasks to be organized and completedectisr [11].
CASE tools were developed exactly for these purpesdo
automate these processes, to ease the coordirdzimreen
them, as well as to provide a more efficient waydévelop
software.

Furthermore, the use of CASE tools increases teedpof
the development [11]. Developers are always facihg
problem of having business needs change priorecistem
could be finished being developed — the actualcaféd this
problem was minimized. Staying on the leading etdge
highly competitive market can make the differeneween
success and failure. More specifically CASE todts]|{

e ensure consistency, completeness and conformance to

standards;

encourage an interactive, workstation environment;
speed up the development process;

allow precision to be replicated;

reduce costs, especially in maintenance;

increase productivity;

make structured techniques more practical.

C. Model Driven Architecture

As a manufacturer thinks of managing assets, exgseasd
leverage, the same way of thinking should be cemsitl by
software industry [5]. While software becomes more
sophisticated and complex, developers should tstilable to
maintain the quality level of their software protijgroviding
reliability, and meeting client's expectations [1B] turn, it is
easy to notice the routines that are being done and over
again. Therefore, the consideration of modeling aratlel-
based approaches may capitalize these routinesateally
offering the optimization of the workflow).

systems have been offered to solve the problemardim
software productivity and quality, the problem Istémained
unsolved [5]. As CASE tools developed up that timere
oversold on their “complete code-generation capisdst
[13], similar arguments are now exposed to Object

While dozens of model and code generating software
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Driven ArchitectureComputation  Independent  Model (CIM), Platform
Independent Model (PIM), Platform Specific ModelS{®),
and Implementation Specific Model (ISM).
There are four principles that underlie the appndac]:

Models expressed in a well-defined notation are the

milestones of system representation;

System development is performed within a set of eled

and model transformations;

Models and model transformations are described in a

formal way with the help of meta-models;

The broad adoption of MDA approach requires ingustr

Management Group (OMG) Model
(MDA).

However, it is important to point out that MDA istyet
another technical approach, proposed as a new éoI@ASE
for modeling and the generation of the source dddé In 1.
fact, MDA carries forward some of the ideas of CAGE well
as provides a solution for some problems relatetthéousage 2.
and application of the CASE tools (e.g. the proratim of
XMI standard to deal with data exchange problerhS).[ 3.

Organizations can benefit from the application bt t
model-driven approach to the existing activities tfe 4.
software development life cycle, such as requirdmen  standards and openness.
gathering, business analysis, process modelingfersgs  To conclude, the fundamental idea of MDA approacthe
design, service definition, integration, solutiatesign, source separation of concerns—ability to separate the icgn
code generation, automatic transformations, etc]. [Sarchitecture into several distinct models [18]. Theach
Moreover, considering MDA as a holistic approachuldo model is evaluated and marked up, the source odeing
take the entire development to the next level. generated. Whether the tool was released prior following

Whereas the reuse on the application level may lodke MDA specification, it should support this dieis and not
complex, the following set of activities by MDA prides a far  just generate code from a class diagram.
more convenient view on this problem [16]:

1. Choose model that corresponds with a problem damain |l

2. Subset the model as necessary; _ ~ Modeling is not a new discipline in software deyetent
3. Choose models in accordance with the |mplementat|({r_|1_9]_ Hence, the same statement is true for anyakddven
technology platform; _ approach — it is “a different portion of the sameage.” That
4. Define the interconnection between models; is why the essential idea of model-driven approactteould
5. Generate the software system. _ _ be considered as evolutionary.
When it becomes necessary to modify the application an approach to classification of CASE tools, whiate
changes are being introduced to the applicationeiodly  ,ositioned as “MDA compliant,” has already beengmsed in
(1). Furthermore, when it becomes necessary tOg&li@n [1g] Rather than trying to define a scope for sjEation of

DEFINING A SCOPE FORSPECIFICATION OFMDA TooLS

application to a different implementation environmenodels
for the new environment are being selected (3), softlvare
is being regenerated (5) [16]. Thereby, there isneed to
modify the application models, costs are lower dpuaivity is
higher, and maintenance is cheaper. Thus, eachlrsobailt
in the way it can be subsequently reused.

Notably, MDA consists of four layers, which are simtered

MDA tools from the blank, CASE tools should be istigated
first.

First of all, the selection of the appropriate CABBIs is
influenced by software product itself: goals,
requirements, constraints, skills, etc. — all theapabilities
make sense [3]. Secondly, the analysis methodotdgthe

roblem and its implementation should be considaewvell.

as milestones in software development [17] (Fig. Lirpirgly, the whole process of software developrsauld be

7N
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Fig. 1. The layers and transformations of MDA

driven by CASE tools, meaning that software enginstould
be able to combine tools, where each tool servéerelnt
purposes (i.e. a tool chain is formed).

To sum up, CASE tools should be selected in acomela
with the following requirements [3]:
1. Support for software development life cycle, moagli
multiple platforms, and integration capabilities;
Project management and integrity control;
Platform and database independence;
Team support;
Client/server application development;
Openness and import/export capabilities;
Vendor's brand, loyalty, total cost
expenses;
8. Usability, easiness of implementation;
9. Quality of documentation;
10. Compliance with standards and notations.

The estimation of software quality is another cdasition
of this scope. In order to determine, which requieets
should be used for this type of estimation, therimtional

Nogkwbd

of ownership,
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standard ISO/IEC 9126 has been used. The objecfithis 1. Textual specification — the specification of softea
standard is to deal with some of the well-known harbiases usually is written down in one or more documents;
that may affect the delivery and perception of &ivere 2. Text with models — this level enhances textual
product [3]. The standard is divided into four partvith specification with several models to show the main
quality model of particular interest. ISO/IEC 912@iality components and objects of the system;
model includes the following requirements [3]: 3. Models with text — the specification is written down
1. Functionality — an existent set of functions aneirth one or more models;

specified properties; 4. Precise models — shares the idea of specificatiobet

2. Reliability — capability to maintain the appropdaevel written in one or more models;
of performance under certain conditions for a derta5. Models only — models are detailed enough to allow
period of time; complete code generation.

3. Usability — usage efforts and individual assessmerfit Whether a tool is commercial or open source, thenking
such usage; options is very important to many developers [18]e typical

4. Efficiency — the amount of resources needed to tamin benefits of open source software are affordabilépd
the appropriate level of performance under certaiavailability of a source code. On the other harfdthie
conditions; commercial software is purchased, the customer aisxy get

5. Maintainability — efforts needed to make specifieduch features as additional support, access towaaft
modifications; upgrades, etc. Currently, the most known licensiuglels are

6. Portability — ability of software to be transferrad commercial, open source, and commercial open s¢u8}e

another environment.

As a fundamental part of MDA, modeling incorporaties
notion of creating various models at different levef
abstraction, linking them together and forming
implementation [18]. Some of these models are q@latf
specific, while the others are independent uponstiféwvare
platforms. In turn, each model represents a contibimaf text
and multiple complementary and interrelated diagrdf8].
That is why another perspective that can be usedisnscope
defines the role of modeling. In fact, the rolenoddeling is
defined using Modeling Maturity Levels (MMLs), wiicare
the following [18], [20]:

0. No specification — the specification of softwarekept in
the mind of a developer;

TAB
SPECIFICATION

The most important group of requirements proposeithis
scope is the software development life cycle of Blddriven
Architecture (analyzed in [18]).

an Table 1 provides an overview of the specificatiérivib A
tools. This includes 7 categories, specified inierdnchical
way (hierarchical view is flattened in the tabledtegories are
divided into subcategories, subcategories are e@iviihto
groups, and groups are divided into single entdesprdingly.
Whereas some of the categories are detailed en@eghhave
groups and entries), the others do not need toealed so
precisely, meaning that subcategories should bsidered as
entries. A more detailed look on the specificatitself is
provided in [1].

LE1
OFMDA TooLs

Category Subcategory

Group Entry

Accordance with
MDA-oriented life cycle

Knowledge formalization (CIM)

Generalization of teggments

Abstraction of knowledge

System model

Verification of user requirements

System model refinement (PIM)

Modeling language

Definition of infrastructure and constraints

Profile specification

M

odel verification

(formalized knowledge)

Mapping (PIM-to-PSM)
M
M

Specification of mapping ftioos

arking
apping verification

System model implementation (PSM) M

odel verification

(system model)

Transformation support
M
M

Refactoring capabilities
odel-to-Model transformation support

odel-to-Code transformation support

Customized transformation support
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TABLE 1 (CONTINUED)

Category Subcategory

Group Entry

Functional capabilities Environment

Life cycle
Hardware requirements
Software requirements
Plug-in, add-in, extension support

Team work capabilities

Modeling

Role of modeling
Diagram creation UML diagrams
Tool-specific diagrams
Data modeling
Process modeling
Model management Import/export
Meta-modeling
Graphical analysis capability

Simulation capability

Prototype development

User interface generation capabilities

Traceability

Project-specific syntax and semantic management

Implementation

Syntax-driven editing
Maintainability analysis
Source code compilation
Source code analysis

Debugging

Testing

Testing description

Automation of operator’s actions
Automation of test cases
Regressive testing

Automation of result analysis
Testing coverage analysis
Performance analysis

Analysis of exceptional cases
Support for dynamic environments

Documenting

Textual and graphical mode support
Form support
Capabilities of publishing systems
Hypertext function support
Support for documenting standards
Automation capabilities

Configuration management

Authorization rights ngemaent
Tracking of changes
Version management
Management options
Version and modification generating

Archiving capabilities

Project management

Resource management
Evaluation capabilities
Test management
Quality management
Tracking of changes
Additional capabilities
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TABLE 1 (CONTINUED)

Reliability Repository management
Automatic backup capability
Data access management
Error processing capabilities
Fault analysis capabilities

Usability User interface
Localization options
Licensing options
Ease of use
Usage capabilities
Quality of documentation
Quality and availability of training
Level of knowledge
Integrity of user interface
Web resources
Diagnostic options
Response time
Ease of update implementation

Efficiency Technical requirements
Workload efficiency
Performance

Maintainability Distributor options

Update traceability
Update compatibility
Maintainability of the final product

Portability OS compatibility
Data portability
Support for data portability standards

IV. CONCLUSIONS ANDFUTURE WORK

The original paper contains a brief overview of thedel-
driven approach to software engineering within vadety of
the CASE tools, which are proposed as supportingfDA
activities. It also proposes a specification fassification of
MDA tools, which is one of the key components inridation
for certification of MDA tools.

The problem of compatibility among tools is nottifious.
The reality is, developers have to check the campk of
various tools as if it was done in “a code and fidy, not in
an effective way. The list of MDA committed compasiand
products [21] found on OMG website is uselesst dsés not
guarantee the compliance between the tools. Oraia,abere
should be something (e.g., guidelines) definedgioré out the
main features of each tool in accordance with ONHBdards,
how each tool should behave, what output each sbolild
provide, etc. In other words, the representativésthe
approach should lean towards the side of the dpeedo the

operating system. One of the directions the autipoopose
for the future work is the actual evaluation of theols
(example is shown in [1]), as well as the developintd the
online version of specification. As for the nextlestone in
certification of MDA tools, the methodology for the
certification program should be defined.
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Antons Cerni¢kins, OksanaNikiforova. Modelvadamas arhitektiiras (MDA) atbalsta riku sertifik acijas pamatojums: specifikicijas defineSana
Vispariga gadjuma, programmatras izstide ieauj sev vairakus procesus izstiles dzves cikla uztw#Sanai un prvaldibai. Viens no svagakiem aspektiem,
kuru ir japem \era sakot programmatas sistmas izstidi, ir piengrotako izstades Tku iz\ele. leverojot misdienas tendenci, kas ir s#star kogja
programmatras saregitibas imepa pieaugumu, nepieirota fika iz\ele var Kat par noteicoSo projektstenoSanas neveiksm Tadgjadi, viens no galvenajiem
IT industrijas mrkiem, kas ir saiss ar programmatas izstides procesa vieakSoSanu, optimgSanu un automagidanu, paliek nesasniegts. Par vienu no
papemieniem I tikt gak ar pieaugoSo sarg#ibu, turkkt ai vienkarSojot programmatas izstides procesu, var uzskamodetSanas pieeju. Modleadaima
izstrade, kas, galvenakt, ir parstavéta ar organizcijas OMG piedvato modégvadimo arhitekiiru (MDA), pretend uz to, lai Ratu par rikamo evoicijas posmu
programmaitras izstiide. Lielaka dda fiku, kas paslaik ir pieejami tifigtiek poziciomti ka tadi, kas ir ,sadagi ar MDA pieeju”. Turkét, Sis sadéguma imenis
nekad arnetika @rbaudts. Tatad, ir nepiecieSams definattiedgo sertifi¢Sanas programmu, ar kurasigabu Kutu iesgjams noertet riku atbilstou OMG
standartiem. Sajrakst ir piedivats pamats MDATku sertifi@$anas procedasisteno$anai: tas ietver sewsvisparigako ipagbu un iespju specifikiciju, kas ir
domata fiku atbilstbas tmepa noteikSanai.

Anton YepuumukuH, Oxcana Huxndopoa. OcHoBa 1isi cepTH(UKALMH CPEICTB Pa3paboTKH OCHOBAHHON Ha Mojenasx apxutektypbl (MDA):
omnpesiesieHHe creupuKaun

CoBpeMeHHbIH TOAXO0A K pa3paborke mporpammuoro odecrnedeHus (I10) BrirodaeT B cebs MIMPOKHIL CIEKTP MPOLIECCOB, UCIOIB3YEMbIX IS yIPABICHUS BCEM
KU3HCHHBIM IIUKJIOM pa3paboTKH. B TaHHOM KOHTEKCTe, OTHUM M3 Ba)XKHEHIIHX acreKkToB B pazpadotke 10 sBisercs BBIOOP MOAXOAAMINX CPEACTB pa3pabOTKH.
Ceifvac, Korjja IporpaMMHbIE CUCTEMBI CTAHOBSITCS BCE Oolee H Oolee CI0KHBIMU BBIOOp HEMOAXOIAMNX CPEACTB Pa3pabOTKU MOXKET CTaTh OJHON M3 NPHIUH
IpoBaja mpoekTa. 13 sToro ciemyer, 4To OCHOBHAs IpoOieMa Beell HHIYyCTPUH — YHPOIISHHe, ONTHMH3AIMsI i aBTOMATU3alHs mporecca paspadorku 110 —
Bcé emmé octaéTest akTyanbHOM. OHUM U3 cocoboB ynpomenus paspadotku [10 sBisercs ncronap3oBanne MoaenupoBanus. OCHOBaHHBIH Ha MOJEIAX MTOIXOL
K paspabotke 10, riaBHbIM 00pa3oM, MpEACTaBICHHBIA pa3paboranHoi KoHcopumymom OMG ocHoBaHHOM Ha Mojensix apxutekrypoit (MDA) — xkak
HanboJIee MOMYISIPHON U MepeIoBOl — MPETeHAyeT Ha TO, YTOOBI CTaTh CICAYIOIISH YBOMIONUOHHON Bexol i Beel naayctpuu I10. BombmmHcTBO CpeacTs
pa3pabOTKH, JOCTYITHBIX CErOfHS Ha PBIHKE, MX Pa3padOTYMKM TO3ULHOHMPYIOT Kak «coBMecTHMble ¢ MDA», XOTs OHM HHMKOTZa HE NPOBEPSIIHCH WM
aHAJIM3MPOBAJINCh HA MPEIMET TaKOH COBMECTUMOCTH. McXolst U3 3TOT0, ClieayeT ONpeeluTh CHEUNaIbHYIO IporpamMMy cepTUdUKanuu, onarogapsi KOTOpoit
CTaHeT BO3MOXHBIM OIICHHBATH OCHOBHBEIE XapaKTEPHCTUKH CPEACTB pa3paboTKM Ha MpeaMeT cooTBercTBHsA craHmapraM OMG. JlanHast cTaThsi Hpearaer
OCHOBY ms cepTHHKanuu cpeacTs paspaborku MDA: B wacTHOCTH, B HeH ompezeNcHa crenu(uKanus OOMUX OCOOCHHOCTEH M BO3MOXHOCTEH CPEICTB
pazpabotki MDA, KOTOpYI0 BO3MOXKHO HCIIO/IB30BaTh IS TOTO, YTOOBI IPOSICHUTH YPOBEHb COOTBETCTBHUS KaXIOro CpelcTBa pa3paborku ctanaapram OMG.
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