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Abstract - This paper recognizes the computation independent Topological Functioning Model (TFM) offers a formahy
Fatt;”e OngOFﬁO%Ca‘ FUt“f_tiO“Ii“g MOdg' (IIT\/IM)da?? &';Jge_tsht_s it to define a system by describing both the systdumistional
0 be used as the Computation Independen oae witnin H H :

Model Driven Architecture (MDA). To step towards the and topolpglcal features [3]. TFM IS. repr.esentemmforn_] of
completeness of MDA and enable the automation of siem a topological space (>®), where X is f_m'te S_et of fu,nCt'onal
analysis the Topological Functioning Model for Mode Driven  features of the system under consideration, @nds the
Architecture (TFM4MDA) method is considered. A project of topology that satisfies axioms of topological stanes and is
implementing TFM4MDA as a TFM Tool is suggested to ertde  represented in the form of a directed graph [4].MTF
artificial intelligence in system analysis and softare represents the system in its business environmahtshows
development. By applying language processing methsdin 14, the system is functioning, without details abbow the

combination with textual use case analysis and uginTopological .
Functioning Model (TFM) as CIM a workable solution @an be system is constructed. TFMAMDA method suggeste4]n

developed. The main components of the tool are a TFMetcher and developed in Riga Technical University allowstem’s
for system’s informal description analysis, TFM Edita and TFM ~ TFM to be composed by having knowledge about timeptex
Transformer for TFM to UML transformation. Solution’s system that operates in the real world. This papggests
compatibility to MDA standards is also considered, thus using TFM as CIM by composing it using TFM4MDA,

providing a formal method to automatically acquirea CIM from acquiring a mathematically formal and thus transtable
description of a business system in form of textualse cases, and CIM

that could be applied to implement a system analysitool for this . . .
task. This paper discusses the implementation chatiges and The long-term goal of this work is to improve TFM&M

considers implementing the tool by using the levege of the Mmethod and to develop a TFM Tool which would fully
Eclipse platform and its MDA conformable frameworks. implement this method. MDA tools mainly focus on
_ . requirements gathering, domain modeling, and code
Keywords: ~ graphical ~ modeling ~framework, language generation [5], not offering a way for defining@rhal CIM.
processing, meta-object facility, model driven arctecture, This tool starts a new direction of MDA tools byfesfng
topological functioning model . -
construction of a formal CIM and applying elememt
artificial intelligence for system analysis and taaire
) development. The development of such a tool is rapbex
Software development is a complex process. Evéitwate  onq 4 |arge scale project, which requires dealiity several

development project is unique. However in most sa¥® sgyes. This paper talks about the issues relatéiet task of
abstractions or models of the information systemsbée implementing a TFM Tool.

developed may be at least similar if not the saBwtware This paper is organized as follows. Section Il ypes
developers. are busy with coding similar structumsd |gjated work, discussing the TFM4MDA method andeoth
procedures; the development process becomes somewlioaches dealing with the transformation of diorinal
inefficient. Moreover software development is exgee and  gegcription of a system to a formal model. Sectibshows
there are many risks that stakeholders have toiteecount. ihe schema of the TFM Tool and identifies its main
The industry of software development has been &mW0g  omponents. Section IV considers the applied piatfand
and dealing with these issues in different ways. technologies to the development of TFM Tool. Sect\
Model Driven Architecture (MDA) proposes softwareqyamines the challenges of implementing a text yaea)
development to abstract from the code as the upp@raf the  \ynich would fetch a TEM from an informal descriptio
functionality of the information system to the mbaé the gection VI describes the development and scope F¥l T
information system [1]. That means that first afoimation  t401's component TFM Editor. Section VII discusdagher
system’s model is developed and then it is tramséaf into & egearch and the evolution of TFM Tool. Conclusions

ready-to-use information system. Changes and atditalso ¢, mmarize the work done and explain the signifieant
are made using the model. The purpose of MDA israble  { ther research.

software development using the models of an apicand
generating the source code from these models. Il. RELATED WORK

MDA is a software development framework which defin . . L
3 layers of abstraction for system analysis: Comjon This work continues research on computation indéeen
Independent Model (CIM), Platform Independent ModemOdeling and specifically on TFMAMDA started in [#],
’ 6] and [7]. As stated in [4] an informal descrgati of the

(PIM), and Platform Specific Model (PSM). MDA iss®d on . | £ b duced edus
4 level architecture and the supporting standaviita-Object SySte”.‘ In textua orm can be produced as a1 ygte_m
Facility (MOF), Unified Modeling Language (UML), n analysis. TFM4MDA is a formal method for transfongithis

XML Metadata Interchange (XMI) [2]. system’s informal description into a TFM of the teys.

|l. INTRODUCTION
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TFM4MDA consists of the following steps: 1) retrieg
the system’s objects and functional features byyaimgy the
informal description of a system; 2) constructingTBM’s
topological space using the retrieved system’s abjeand
functional features; 3) constructing a TFM’s topptal graph
using its topological space; 4) verifying the fuongl

generating implementation from textual use casekis T
approach uses statistical parser on use casesyaahlyzing
the parse trees compose so called Procases foerfurse in
implementation generation. Procases can be thooight a
formal model of requirements. This paper also sstygextual
use cases to be used for defining requirementsatiput for

requirements by mapping them to the correspondirtgxt analysis from which a TFM could be composed.

functional features; 5) transforming TFM to UML ¢fmably
an UML profile).

Approach described in [9] uses their generatedemphtation
for verifying software requirements and also to ube

To demonstrate how the TFM4MDA method could work inmplementation as a platform to proceed with theetipment

context with TFM Tool an example library system aésed

in [4] is considered. This example will be usedtighout the
paper. For using TFM4MDA as described in [4] figt need
an informal description of a system. Let us consitlés

fragment: “The librarian checks out the requestedkbfrom

the book fund to a reader, if the book copy is labde in the
book fund.” This fragment is from [4]. Through teaahalysis
we need to identify system’s objects and composetional

features. We can identify the following system’seais: a
librarian, a book copy (a synonym is a book), albhmd, a
reader. Every functional feature consists of areabaction, a
result of this action, an object involved in thigian, a set of
preconditions of this action, an entity responsifde this

action, and subordination. Using the given fragmehtan

informal description we can compose the followingdtional

feature: 1) the action is checking out; 2) the Ites@ this

action is a book copy is checked out for a reaBethe object
involved in this action is a book copy; 4) a predition of this

action is that a book copy has to be availableth®) entity
responsible for this action is a librarian; 6) swudoation is
inner. TFM Tool will have to be able to retrieveese
system’s objects and functional features autométicssing

text analysis.

Next step is to construct a topological space oMTF
meaning that we have to identify the cause-effetations
between the composed functional features. Theaeatyzer
will set the initial cause-effect relations by cmesing the
order in which the functional features appear ia itiformal
description, the results of functional featurese tbbjects
involved, and the entity responsible. TFM Tool wilien
automatically construct a TFM’s topological graph.

The tool will then offer the user to correct thdséial
system’s objects, functional features or causeceffelations,
and add new objects or functional features. Intamidihe tool
will enable the user to manually point to the mhinctional
cycle, define functional requirements, and checleirth
conformity to the functional features.

The last step is to transform the TFM to a confdrima
UML profile. TFM Tool will be able to automatically
transform the acquired system’s TFM to an UML gdeofi
without losing any valuable information.

The approach described in [4] still defines somecstire of
the informal description, thus making it semi-fotma@his
paper will introduce more formalism into TFM4MDA's
conception of an informal system’s description. fEnbave
been other attempts to transform an informal dpsori of a
system to a formal model. Approach proposed irs[#]gests

of the software.

Ill. TFM TooL's SCHEMA

TFM Tool is planned to be an implementation of
TFM4MDA. The purpose of the tool is to enable ustrs
partly automatically construct a TFM of a systeranifr the
system’s description in form of textual use casestem in
English, verify the functional requirements, arghsform the
TFM to an UML profile. Use cases describing the
requirements of the system have to be developedhby
system analyst.

As Fig. 1 shows the TFM Tool's main components are:
TFM Fetcher — a tool which fetches the functionedttires
and constructs a TFM’s topological space from wsses of a
system by applying language processing methods, EBNbr
— a graphical editor for constructing a TFM's tapgital
graph, and TFM Transformer — a XMI transformatiooltfor
transforming TFM to an UML profile. TFM’s topologit
space and topological graph is bound through XMlI.
Topological graph expands topological space’s Xihdy
by adding a graphical dimension.

Fig. 1 shows a schema of the TFM Tool. Arrows repng
the automatic transformations between artifacteyQyoxes
are the artifacts managed by the tool. White boxes the
TFM tool’'s components.

The construction of TFM is a step-by-step procéidse
TFM Tool should allow the user to return to prewa@ieps to
make changes and the artifacts of each step shbeld
interconnected. For example, if changes are madE-M’s
topological space its topological graph is autoogly
affected.

Moreover the TFM Fetcher should be able to leasmfthe
actions performed by user, the changes which usdesmin
the results of the automatic operations of the .tdebr
example, if by analyzing a system’s informal dgstion the
tool hasn't recognized correctly some specific fiomal
feature and the user of the tool points to it i@ tlext step, the
tool should recognize this functional feature awtoally if
this informal description is analyzed again. Thiancbe

TFM Fetcher TFM Editor TFM Transformer
] TFM N TFM
S/:L;Jtems Text topological opologica XMI UML
Ca:s andysis space graph fransform aion profile
—/ construction .‘/ construction ——
S TN

Fig. 1. Schema of the TFM Tool
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achieved by applying machine learning methods & TRM
Tool.

TFM Fetcher will have to use some language parser f

working out the grammatical structure of sentenddss is

The last stage of the TFM Tool's life cycle is TFMnecessary so that TFM Fetcher could analyze theesess of

transformation to UML. Here is a need for a spectfiML

profile for TFM so that no useful data from systerFM is
lost. The generation of a fully functioning infortizan system
or a significant part of the code of the systenk ta#l be past
to a conformable tool. More specific explanatioroatbthe
transformation between TFM and UML is given in [4].

IV. APPLIEDPLATFORM AND TECHNOLOGIES

TFM Tool will be developed as an Eclipse plug-icligse
is a software development platform comprising aegrated
development environment (IDE) and a plug-in system
extend it [9]. Eclipse equips software developeith & Plug-
in Development Environment (PDE) for developinggplos.
One of the advantages of using Eclipse as theophatfor this
tool is the large number of contributed plug-ins¢liiding
frameworks for MDA and MDA tools.

The first to mention of such frameworks is the p®d
Modeling Framework (EMF). EMF is a Java frameworid a
code generation facility for building tools and eth
applications based on a structured model [10]. Eivtivides a
facility to transform a model into efficient, cocte and easily
customizable Java code. EMF defines its modelsguXixl.

use cases and retrieve functional features. Thenf@th

Statistical Parser offers such a parser licensel@rime GNU

GPL v2, which allows its use for research purpasesther

free software projects [13]. The Stanford Parsserrhade Java
libraries available for use.

V.TFM FETCHER

This section talks about the first component of THeM
Tool — TFM Fetcher. The purpose of TFM Fetchepifetch a
TFM from a system'’s informal description.

Where does an informal description of the systemmeco
from? There are a lot of different methodologiesstmpport
software development. All of them require some soft
requirements gathering process, which usually i
software requirements expressed in textual andratiadorm.
Some of these methodologies are more formal otless
formal, but in most cases textual and diagram requents of
the system can be considered as an informal déscrip
Constructing a formal model from text analysisds a simple
task. In a realistic case the description can frhbbe quite
long, incomplete, redundant and inconsistent. Tdamihis
task a little easier the description of the systeas to have

EMF can be thought of as a highly efficient Javaome degree of formality. For this reason use cases

implementation of a core subset of the MOF, whithFecalls

considered.

Ecore. There are a number of EMF-based tools and- EM TFM Tool has to support a number of iterations baol

provides full integrity. EMF.Edit is an Eclipse fework that
includes generic reusable classes for buildingoeslifior EMF
models [11]. EMF.Edit can be used to develop aoiclii
functionality for the tool generated by EMF generat

For graphical editor development Eclipse offersraphical

forth between description and TFM Fetcher. The wdethe
tool should be able to see the mapping betweeratek{TFM
and correct any incompleteness, redundancy or sistemcy.

A. System'’s Informal Description

Editing Framework (GEF). It provides a frameworkr fo USe cases are not normalized or standardized by any
developing and running an Eclipse graphical edjttug-in. ~ consortium, unlike UML use case diagram by Object
The Graphical Modeling Framework (GMF) improves GisF  Management Group. Moreover, there are many diffeuse
integrating it with EMF. Combining these technokesjilets a €€ templates and the structure of a use caseecadjusted
GEF-based graphical editor be developed using naefiled d€Pending on the situation and the development tath
with EMF. GMF is divided in two main componentseth Usually use case structure can consist of the Vafig or
runtime and the tooling used to generate editopmlsie of similar sections: use case |d_ent|f|er, descrlptlcactors_,
leveraging the runtime [12]. GMF tooling is used deate 2assumptions,  steps,  variations —and  non-functional
models, which define the graphical modeling editand fequirements. _
generate the implementation of the editor. GMFimetruns N context of TEM Tool textual use cases are cared the
the generated graphical modeling editor plug-in. informal dgscnptpn of the system. T_he foIIowmglmtg_re of

It is important that this TFM Tool is developedEiglipse US€ case is considered: use case title, actorgopuitions,
platiorm because of the possibility to cooperate remoMain scenario, extensions, and sub-vanatlons.m title
effectively with other MDA tools. This is essentfak MDA ~ Shortly describes the use case; actors are a fisictors
because more likely the complete MDA life cycle Iwiile involved in th_e use case; pre-(?ondmons deflne_dnbledltlon_s
provided by a set of tools and not only just onetufe t_hat must be in place befor_e thls_ use case stadB) scenario
community enhancements for EMF or GMF (or any othdiSts the specific steps (written in natural langelthat take
Eclipse frameworks used in future contributions) be easily Place to complete the use case; extensions andzsiaiions
integrated with the TFM Construction Tool. Eclipsealso list deviations from the main success scenario andit
widely used as an IDE for developing Java applicatiand &ctions, with the dlﬁerence that extensions ardopeed in
information systems. While the MDA life cycle is tno _addmon to extended action, but sgb-vanatlonsmaformed
complete and the information system’s code stiljimnineed instead of the extended action. This use casetsteuts very
some customization after generation, the softwaneskdper Similar to that proposed in [9]. You can see annepia of
can continue his work using the same environmecifgge). ~ Proposed use case in Fig. 2.
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Use case: Client is requesting a book

Actors: Client, Librarian

Preconditions: Client has gotten a reader status

Main scenario:
1. Client fills a book request form
2. Client gives the filled request form to the
librarian
3. Librarian checks out the book from book fund
4. Librarian gives the book to client

Extensions:

Sub-variations:
4a. If the book is not availiable in the book fund,
librarian denies the book request form

Fig. 2. Use case “Client is requesting a book”

B. Retrieving Functional Features

Functional features are represented by a tupleistorgs of
an object action, a result of this action, an aobjeeolved in
this action, a set of preconditions of this actiam, entity
responsible for this action, and subordination. Ghthe tasks
of the TFM Fetcher is to retrieve these functiofedtures
from use cases.

Use cases are formed by sentences written in natufg
language. Every sentence, except title and adtoesuse case

can be considered as a representation of a furdtieature.

Use case sentence can sometimes represent moreoitiean

functional feature. This can happen when sentenosists of
more than one result of the action or objects ivedlin the
action. Such an issue can be dealt by analyzingesea's
coordinating conjunctions. For example if 1st and 8teps of
use case from Fig. Y. are combined in one senté@tient
fills the book request form and gives the filledjwest form to
the librarian”. In this sentence the second refezeto a
request form could be replaced by a pronoun “itiisTshould
be taken into account. Moreover, the sentences useacase
should be written as simple and unambiguous astgesbut
in realistic case this is not always possible.

Use case’s actors will be considered as objecihied in
the action and entities responsible for the acfidre title can
partly be considered as a functional requirement.

NNP  VBZ

PP
‘ ‘ VAN AN
/N /N
Librarian gives DT NN TO NP

the book to NN

client

Fig. 3. Parse tree of a use case sentence

singular present, DT — determinant (article), NNneun
singular or mass, PP —prepositional phrase, T@™ “t

First a functional feature description has to bentdied. In
this case it is the verb phrase of the sentenceréasent
continuous tense — “Giving the book to client”ctinsists of
the object action (give), the result of the actitmook) and
object involved in the action (client). The respbies entity
r the action can be determined by comparing titera list
of the use case and the noun phrase. In this tes@dun
phrase is “Librarian” and there is “Librarian” ihg actors list
as well, so the entity responsible for the actisobpbly is
“Librarian”. Preconditions can be determined by lgniag
preconditions and sub-variations of the use cdghelcurrent
functional feature is represented as the first stepse case
main scenario, then one additional preconditior mdtch the
precondition of the use case itself. If currenpstas a sub-
variation, then the functional feature represerigdhe next
step will have a precondition that is the oppositéhe sub-
variation condition. For example, sub-variation Bgok is not
available in the book fund, librarian denies th@kboequest”
will result in a precondition “Book is availabledif functional
feature “Giving the book to reader”. Use case esitars
define their own precondition; obviously the coraitin the
extension’s sentence is the precondition of thectfonal
feature represented. Functional feature’s subotidimaan be

TFM Fetcher has to be able to form the correspandirflét€rmined only by the user of the TFM Tool.

functional features by analyzing the use case seete For
this purpose natural language processing methods foabe
applied.

Concrete syntax tree or parse tree will be useditlier
analysis of use case sentences. Parse tree iseathat
represents the syntactic structure of a sentencerdiog to
some formal grammar [15]. Parse trees are usualtigud of
parsers, which can use different methods for figdime right
parse tree for the specific sentence. The mogtiefiti parsers
are statistical parsers which associate grammaes rulith
probability. For example, use case sentence “Li@nagives
the book to client” will be parsed using The Stadf®arser
[13]; results are shown in Fig. 3.

In Fig. 3 the abbreviations are Part-Of-Speech tagStensions and sub

according to [16]: S — sentence, NP — noun phidBe; verb
phrase, NNP — proper noun, singular, VBZ — verh, (3srson

By analyzing use case sentences it should be pessb
derive functional features. It is important thatM H-etcher
considers functional features the same if theyrapeesented
by the same tuple. This means that no duplicatetimmal
features are created and two or more use casaadade the
representation of the same functional features.

C. Composing TFM

Once there is a set of functional features it isessary for
TFM Fetcher to retrieve the topology of TFM or caxesfect
relations between functional features. The strectaf use
cases will help with this task.

Firstly, every use case’'s main scenario is an edler
sequence of functional features. Additionally, Imalgzing the
-variations it is possible teatdiranching
in a TFM. Extension adds an effect to the functideature
represented by the step referenced by the extenSiorthe
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Use case: Client is registering atthe library

Actors: Client, Librarian

Preconditions: The client doesn't have a reader sta
Main scenario:

tus

1. Client arrives attheTibrary

2. Librarian creates a new reader account

3. Librarian creates a new reader card

4. Librarian gives out the reader card to the clien
5. Client gets a reader status

Extensions:

Sub-variations:

Use case: Client is requesting a book -~
Actors: Client, Librarian ya
Preconditions: Clie ||1t has gotten areader status

Main scenario:

1. Client fills a book request form

2. Client gives the filled request formto the
librarian

3. Librarian checks out the book from book fund
4. Librarian gives the book to client

Extensions:

Sub-variations:

4a. Ifthe book is not availiable in the book fund,
librarian denies the book request form

ol o ——— —

Fig. 4. Fetching TFM'’s topology

other hand, sub-variation adds an effect to thectfanal

feature represented by the previous step referemgéide sub-
variation. Therefore, the setting of cause-effeetations
between functional features represented withinsdume use
case is very straightforward. As you can see in Bighe 2
sequences of functional features come from mainasass of
use cases. The 8th functional feature has an edditeffect
“Denying the book” because of the sub-variation.

Another thing is setting the cause-effect relatibesween
functional features fetched from different
Precondition section of use cases are used to eldfiis
relation. If a use case’s step represented by @itural feature
results in a condition defined in another
preconditions, then this other use case’s firgp $tenctional
feature is the effect of the first functional fe&tu For
example, in Fig. 4 the 2nd use case has a prea@mdElient
has gotten a reader status”. By analyzing this gméition it
can be detected that the verb phrase of the sententhe
present perfect tense of “getting a reader statdsth is a
description of 5th functional feature. But this Iwibt always
work because precondition can be declared in diffetense.
For example, “Client is at the library”. The compesding
description of functional feature would be “being the
library”. Nevertheless, by having this conclusitisipossible
to set the 6th functional feature as the effecttted 5th
functional feature. This is one of the hardestdaskthe TFM
Fetcher.

VI. TFM EDITOR

This section describes the scope and developmenEbf
Editor. A prototype is developed using the Eclipatform,
Eclipse Modeling Framework and Graphical
Framework.

TFMAMDA's first step is retrieving the system’s ebjs
and functional features by analyzing the informasatiption

72

of a system. But first this analyzer would needeetain data
structure according to which to store its resultsystem’s
objects and functional features. The first thingg tiool needs
is some sort of framework within which to operatel &volve.
The prototype of TFM Editor must provide such axfeavork.
To do this, prototype will implement the core funaality of
the TFM Tool, namely the construction of TFM's tdpgical
space and topological graph (as shown in Fig. he T
prototype will provide users with functionality tmanually

use easeconstruct a TFM’s topological space with the systeobjects

and functional features, construct the TFM's togadal graph
in addition to this topological space, and verifyndtional

use @asetequirements. In more detail, the prototype wilhlele users to

define functional features and indicate the -caldfeee
relations between them, point to the system’s nwiale,
define functional requirements and indicate the miaance
with functional features. For developing such atqiype the
domain metamodel and a TFM model editor must
developed, thus creating the main data structumed a
framework for the prototype to use and also for tiire
contributions to use.

The first step to developing a graphical modelidgae is
defining the metamodel of the domain. In the cas&FEM
Editor the domain is TFM itself. To develop a TF¥aghical
modeling editor with GMF a metamodel of TFM hash®
created with compliance to XMI.

Fig. 5 shows the created TFM metamodel. Withinstbape
of the TFM Editor's prototype TFM will consist ofystem
main cycle, functional features, and functionaluiegments.
Each functional feature comprises the followingrilatites:
object action, result of this action, the objeatalved in this

ModelinngtiO”' set of preconditions of this action, entiggponsible

or this action, and subordination. Functional tees can be
in cause-effect relations with each other. Cyctaant is for
specifying the main cycle of the system. Functional

be
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[ =enumeration = =
* Subordination
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& ishain | EBoalaan

H TFrFunctionalF eaturs

= critical

 label : EString

theCycle [ 0.1
T description : ESting

theMode

= precond : EString
T action ! EString
7 result : EString
= abject : EStHing
T entity | EStrng

2“*

7 subardination | Subordination

= irnparank
- useful

theiZause

D..*

theFunctionalFeature | 0,.% theEffact

theFunctionalRequirernent | 0,.%

=| TFMFunctionalRequirernent
7 code : EString

S content @ EString

7 benefit 1 Benefit

theFunctionalRequirernent

T isCompleted | ERBoolean
Y isCwedapping | EBoclean

U..*

Fig. 5. MOF-compatible metamodel (XMl) of TFM

requirement attributes are: code, content, whickcidees the
requirement, business benefit, whether it is cotepland
whether it is overlapping. Subordination can beemmor
external. Benefit can be critical, important orfute

TFM Editor is ready for constructing TFMs. Whenatieg
a new TFM, the tool creates 2 files: the TFM mofkd
(extension .tfm) and the TFM diagram file (extemsio
tfm_diagram). Both of them use XMI for storing @ehta.

TFM metamodel is created using EMF's Ecore formathese files are interconnected. Any changes madéhen

which basically is plain XMI. At this point it isl@ady
possible to generate a TFM editor, but the gotd Ecquire an
Eclipse based graphical modeling editor of TFM. dm this
GMF is applied. GMF requires a set of models toabke to
generate the TFM graphical modeling editor.

The creation of these models is a step-by-stepegsand
they have to be created in the following order: THM
metamodel; 2) EMF model editor generator modelGB)F
graphical definition model, which defines the elatseof the
diagram, labels and figure gallery; 4) GMF toolidefinition
model, which defines the palette and menus; 5) Ghpping
definition model, which maps the graphical and itupl
definitions; 6) GMF graphical modeling editor gester
model. GMF provides the necessary tools to creheset
models. The GMF graphical modeling editor generatodel

model affect the diagram and vice versa. The fduwt t
basically the model is stored in XMI means thatan be
easily exported or used in another MDA tool for tfier

transformations.

By generating this tool using GMF the source coti¢he
tool is available for enhancements and future doutiions. It
is possible to add some custom code using speei J
annotations and regenerate the tool without lofiiregcustom
code. Thus a fully functional TFM Editor's protogypis
created and ready for use. The important thinghét how
there is a framework and a head start to continaek van
implementing the TFM4MDA.

VII.
Further research is related to the evolution of tR& Tool

FURTHERRESEARCH

is the resulting model from which the TFM graphicalyinging its functionality closer to TFM4MDA. Firghing in

modeling editor can be generated.

Thus the TFM Editor’s prototype is generated a&elipse
plug-in. This acquired Eclipse plug-in depends &M GMF
runtime, GEF, and Eclipse platform.

The acquired TFM Editor main components are thetfsl
canvas and properties pane. In addition to standzivtF
features the tool enables user to define functiteatures and
indicate the cause-effect relations between thesimt o the
system’s main cycle, define functional requiremeisd
indicate the compliance with functional features.

queue is implementing the TFM Fetcher for autonadiiic
retrieving system’s objects and functional featufiesn its
informal description and composing a TFM. Thus aleta of
artificial intelligence will be used in purpose faoftware
development.

TFM Fetcher should be able to retrieve object astio
results of these actions, the objects involvedch#sé actions,
preconditions of these actions, entities respoesior the
actions and form functional features with causeeff
relations between them. This paper discusses shesselated
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to retrieving functional features and cause-effesations
between them, thus constructing a TFM. An importask is
to develop a formal algorithm for fetching TFM ugin
language processing.

These initially retrieved functional features vk available
for editing with TFM Editor. The TFM metamodel will
probably have to be adjusted for this purposethnitis not an
obstacle because, as mentioned earlier, the tonl la
regenerated at any time without losing any custonec The
functional feature elements should be associateith thie
specific parts of the use cases and changes appfied
modifications in the TFM. This would ensure thatfeM can
be regenerated using this set of use cases.

TFM Fetcher will probably not be able to be correcery
single time, and the user will have to correct nisstakes.
Moreover it should be able to learn from its missby using
machine learning methods and so become more eificie

Another thing to do is to develop a TFM Transformiich
would transform TFM to UML. As mentioned beforewill
probably be a special UML profile to keep all thaluable
information of the TFM. So firstly there is a neéar a
specific TFM UML profile. Secondly Eclipse offersMIL2
and UML2 Tools which can be applied for dealinghwitFM
Tool's problem of TFM to UML profile transformatiofrrom
this point it should be possible to generate somxe @f the
system’s code.

VIIl. CONCLUSIONS

This paper discusses TFM4MDA and TFM construction,

applying language processing for fetching TFM, s
platform and its options of application generatifnom
metamodels in MDA context, development of TFM Edito
using Eclipse technologies.

Nowadays software developers often are occupiedh wi
similar pattern application coding. MDA proposesatustract
from application source code to the model of thpliagtion
as the main artifact in software development. Untiw in
MDA context everyone has his own opinion about wikaa
CIM. This paper suggests that TFM should be comsitias
the CIM of a system and it should be constructethgus
TFM4MDA. Thus a mathematically formal and transfabte
CIM of a system is acquired.

This paper talks about the challenges of retriewdrfgrmal
model from informal description of the system resgrgted by
use cases, and applying language processing metbattsal
with these issues. A fully functional prototype thie TFM
Editor was developed using Eclipse platform andMiSA
facilities. This prototype will serve as a framewofor
evolvement of the TFM Tool and future contributioffhis
paper clearly shows that the future research of ZMRIA
branches in 3 main tasks the development of the FEMher,

Armands Slihte. Topolasiska Funkcione$anas Modga rika izstrade

UML profile for TFM, and TFM Transformer for a TFb
UML profile transformation.

With advancements of this TFM Tool research the
completeness of MDA will improve. TFM4MDA provides
formal CIM and new horizons by partially automatingd
improving system analysis, and introducing art#ici
intelligence to software development.
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Saji rakst tiek analiztas topolgiska funkcioreSanas moda (TFM) no skaib3anas neatkagis ieZmes un tiek piealats no skaibSanas neatkas modelis

(CIM) moddu vadimas arhitekiras (MDA) kontekst. Lai pilnveidotu M

DA un padau iesgjamu sistmu andizes automatiziju, topolaiskas

funkcioreSanas modelim tiek piadats izmantot mode vadimas arhitekiiras (TFM4MDA) metodi. Raksattiek piedivats izstadat TFM TFM4MDA atbalsta
riku, & padarot iesgjamu niksliga intelekta izmantoSanu sistu andizé un programmatas izstidé. Pielietojot daipas valodas apstdes metodes
kombiracija ar biznesa lietoSanas @muniem un TFM & no skaitoSanas neatkayo modeli ir iespjam izstadat praktiski pielietojamu risifjumu. Rka
galveras komponentes ir sBhas neforrala apraksta analizators, TFM konstanasiks, TFM transforracija uz UML. Tiek apskata af risinajuma atbilstba
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MDA standartiem,adgjadi piedavajot formalu metodi, ar kuru iesggams iedit formalu CIM no biznesa sigtnas apraksta lietoSanas gachu fornma. Tada veida
So metodi ir iesgjams aft reali£t atbilstod sisEmas anakes tka. Rika izstadei tiek izsérta Eclipse platformas piédatas iespju MDA ietvaru izmantoSana,
ka af apskatas &da fika izstades probimas.

Apmanjc Hlnuxre. Pa3pa6oTka HHCTpYMEHTAPHA MO/Ie/IH TONOIOIHYeCKOro yHKIMOHHPOBAHHS

B crartbe mpoBeleH aHANM3 OT BBIYMCIICHHIl HE3aBHCHMBIX CBOWCTB MOJENH Tomojoruuecko ¢ynkuuonuposanus (TFM) u mpeioxeHa OT BbIYUCICHUN
HeszaBucumasi Monens (CIM) B koHrekcte ympasisiemoin Moxensio apxutektypsl (MDA). [las ycosepimeHcTBoBanusi MDA u monmydeHnst BO3MOXHOCTH
aBTOMATH3MPOBATh CHCTEMHBIl aHANN3, JUII MOJIEIM TOIOJOIMYECKOro (YHKIMOHMPOBAHMS IIpe/UIaracTcsl WCHOJb30BAaTh METOJ YIPABIAEMOH MOJEIBIO
apxurextypsl (TFM4AMDA). B cratee npemiaraercsi paspaborats WHCTpyMeHT nomguepxkn TFM TFMAMDA, mnonydas BO3MOXHOCTb HCIOJIB30BaTh
HCKYCCTBCHHBI/ HHTEIUIGKT B CHCTEMHOM aHamM3e M pa3paboTke mnporpamM. [JaBHBIME KOMIIOHCHTAMH HHCTPYMEHTAPHUS SIBISIOTCS AHAIA3ATOP
He(h)OpPMATBHOTO ONUCAHMS CHCTEMBI, HHCTpYMEHT KoHcTpyupoBauus TFM, tpancdopmarop TFM B UML. PaccMmaTpuBaeTcst Takke U COOTBETCTBHE ITOTO
peurenust craugapram MDA, takum o6pazoMm mnpemaras (GpopManbHYIO MOJENb, ¢ MOMOIIBIO KOTOPOil BO3MOXKHO monyuuth (opmaipHyro CIM ucxons u3
omnucaHust OM3HEC CUCTEMBI B (hOPME YaCTHBIX IPUIOKEHHUHN. JIaHHBIH METO/] TAK)XE MOXKHO PEaIH30BaTh H B COOTBETCTBYIOIIMX CPEACTBAX CHCTEMHOTO aHAJIHN3a.
Jlst pa3paboTKy HHCTPYMEHTApHsi IPOBEPSIETCS HCIONB30BaHIEe BO3MOKHOCTeH IuiaTdopmsl Eclipsemst MDA, a takxe paccMOTpeHsI IpobeMs! pa3paboTKu
TaKOro HHCTPYMEHTAPUSL.
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