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Abstract - This paper is devoted to model-driven testing
technique of testing model generation from UML sequence
diagram to UML Testing profile. The article discusses principles
of model transformation and shows practical approach to specific
model generation from another one. The idea of such
transformation is to generate test cases from sequence diagram of
the system. Described transformation rules are focused on timing
aspect verification and the goal of generated test cases is to cover
successful as well as unsuccessful system behaviour. Presented
example of model transformation is based on a sequence diagram
XMI representation, which firstly is pre-processed and moved
into data base structures, and then transformation rules applied
to generate testing model from data describing sequence
diagram.
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I. INTRODUCTION

Automation in software development becomes more and
more popular. Program code generation is known and used for
many years, but still automation of full development cycle is
under research and is on its way to replace manual operations
in this cycle. MDA [1] standardized principles, available
development environments and tools stimulate such
movement to automation. Similar activities are in process also
in the area of testing. More than 5 years passed since UML
provided Testing profile for test system management, but still
there are no common methods of automated test case
generation from a system model.

Testing profile standardization started movement to
automated test case generation from UML models. During
these years new methods of test model generation have been
presented and most of them are based on principles described
in [2]. Same high level concepts have been used in [3], where
a practical model-driven testing method of embedded systems
is presented. Described solution is focused on system
functionality verification with different input data and on
analysis of processing results. The goal of such approach is to
provide better coverage with possible input data and do not
focus on system’s non-functional features and abnormal cases.

In this article a method with practical example of test cases
generation for timing aspects verification of behavior is
described. The presented method is based on one of the most
frequently used diagrams for behavior modeling — UML
sequence diagram and UML Testing profile. The idea of the
method is to maximally use standardized models, available
standards and environments and to develop a framework for
automated test case generation based on UML diagrams. To
provide flexible future use, the method allows dynamical
definition of test case generation rules, which could be

appended and customized. In this paper the author presents
results of method approbation with timing test cases
generation from UML sequence diagram.

I1.PRINCIPLES OF MODEL-DRIVEN APPROACH IN THE CONTEXT
OF SYSTEM TESTING

Generally, model-driven testing defines test case
development strategy using the model of the system under test
[5]. This means that using abstract functional model of the
software, which represents also functional as well as non-
functional requirements of the system, sets of test data,
preconditions and test exit criteria are created. There are two
different ways to implement test cases: manual and automated.
In manual test case generation there should be at least one
testing engineer, who analyzes given abstract functional model
of the system and creates test cases. Test cases could be
written in the native language as well as using some formal
definition. Such test case generation technique is widely used
and can be combined with a non-model-driven testing, for
example based on requirements document.

Automated test case generation becomes more and more
popular. There are 2 major reasons for that. The first reason is
to cut time-to-market and to deliver products of higher quality
faster [6]. The popular idea to start testing earlier is going to
be realized in model-driven testing. Analysis phase produces
models of the system, describing its functional and technical
aspects and including previously prepared requirements. This
means immediate starting of the testing process without
waiting for programming activities to start. The second major
reason to use model-driven testing is compliance to principles
of MDA, where models (with some specific formal OCL
restrictions) are the only possible system specification
documents. In this case model transformation and
generalization is compliant to classical testing V-model [5],
where the main idea of the model is not to show appropriate
related activities, but to represent program abstraction level.
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Fig. 1. MDA model transformation comparing to testing \V-model [9]
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Figure 1 presents the compliance between model
transformations under MDA and V-model of testing. MDA
principles specify models on different abstraction levels. The
model with the highest abstraction level is CIM (Computation
independent model), which represents system requirements. In
MDA specification CIM requirements should be traceable to
the PIM and PSM constructs that implement them and vice
versa [4]. The next Platform independent model (PIM)
describes the system and its structure, but does not show
details of its use. PIM does not show any platform specific
features and is used to specify general systems functional
principles. The Platform specific model (PSM) is produced by
transformation from PIM model. If PSM model contains all
necessary information needed for the system implementation,
the program code could be generated.

Timing details of the system and its component behavior
are specified on PSM level during module design. Such details
usually do not cover functional requirements and are subject
of unit testing. This means that proposed approach for timing
details verification is a part of model-based unit testing.

A. Modeling artifacts in the context of testing

Models are the primary artifacts during model-driven
development. Model consists of sets of elements that describe
some physical, abstract, or hypothetical reality. UML is the
central component of MDA and is used for presentation of
system model at different levels of abstraction. It can be
appended with formal notations written in OCL. A metamodel
is a model of a modeling language. It defines the structure,
semantics, and constraints for a family of models. A model is
captured by a particular metamodel. For example, a model that
employs UML diagrams is captured by the UML metamodel,
which describes how UML models can be structured, the
elements they can contain, and the properties those elements
exhibit. In turn, a metamodel may describe some properties of
a particular platform, not only the UML, while a platform's
properties may be described by more than one metamodel.

Due to its nature, test case also can be represented as a
model, because it also consists of a set of elements that
describe abstract reality, which is a set of preconditions and
data inputs for some program functionality as well as a set of
expected results for described abstraction. In model
transformation test case generation means some set of
transformation rules necessary to get destination model from
systems model, presented in the form appropriate for test case
generation.

A projection of MDA definitions of model, metamodel and
model transformations into process of system testing gives us
the possibility to define test case generation process in terms
of model transformations under main statements of model-
driven approach. Before model specification, appropriate
metamodel should be defined. Metamodels specify all possible
elements and relations in-between of target models.
Metamodels are based on Meta Object Facilities (MOF).

In this paper the author describes a source and test case
model necessary for system and test case specification. In the
following chapters the author deals with system source model
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based on UML sequence diagram and test case model based
on the concepts taken from UML Testing profile. The last
profile provides standalone metamodel describing all
necessary artifacts mentioned in Testing profile. UML
sequence diagram provides specification of system behavior
and includes timing aspects. This article focuses on these time
constraints and suggests method of test cases generation for
their verification.

MDA principles are based on the model transformation,
where new models are created from existent models applying
special transformation. Transformation between models is
made by transformation definition, which is a collection of
transformation rules in the form of an unambiguous
specifications of the way that (a part of) one model can be
used to create (a part of) another model [7]. Transformation
rules are presented with predefined transformation definition
language. Automated transformation of models can be
provided only by special tool, which is able to understand a
notation of a source and target models and to apply
transformation rules according to their logic to the given
source model. The result of such process is a set of destination
models. MDA framework described in [7] defines a general
scheme for transformations between models. It is applied to a
test case generation and the result is shown in Figure 2.
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Fig. 2. Application of basic MDA framework for test case generation [9]
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Same principles are applied in test case model generation,
where several test case models are created from one or more
system models.

B. UML sequence diagram

In [10] [11] different modeling notations for real time
systems are analyzed with conclusion about UML diagram
advantages over other notations for timing details
specification. Sequence diagram is one of UML diagrams,
which provide timing details definition in system dynamical
behavior specification. Based on this analysis UML sequence
diagram is chosen as a source model of timing behavior
specification. Figure 3 shows metamodel elements of
sequence diagram, which cover timing details specification
within the diagram.
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Fig. 3. Timing elements from metamodel of sequence diagram
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UML sequence diagram provides definition of 2 types of
timing details: time and duration constraint. Time constraint
defines time requirements at some point during processing.
Duration constraint defines time limitation between 2 points in
time, for example between message sending and receiving.
Both these constraints are analyzed and processed during
model transformation, and behavior of the system, which
depends on these constraints, is stored in destination model
according to UML Testing profile and transformation rules.

C. UML Testing profile

For testing purposes, OMG has created and standardized
UML Testing profile, which is used for test case model
development. The profile provides standardized approach for
test cases and test suites implementation in model-driven
development. It represents MOF-based standalone metamodel
for testing aspects modeling. Figure 4 presents MOF-based
metamodel of Testing profile [8].

«XSDcomplexType» «XSDcomplexType»

SuT TestContext

«XSDcomplexType»
TestComponent

«XSDcomplexType»
TestLog

«XSDcomplexType»
TestCase

«XSDcomplexType»
Behavior

«XSDcomplexType»
TestObjective

Fig. 4. Testing profile metamodel elements [8]

This profile suggests new approach for testing management,
which consists of test case, test data, program behavior and
test results. Using Testing profile test cases, the related data
could be stored and represented using defined elements of
metamodel. The profile describes major classes of testing
aspects and suggests general approach to test data
management. As it is shown in Figure 4, standardized Testing
profile presents general view on testing aspects and specifies
high abstraction level of test data management structure.
Profile does not specify any system related aspects and leaves
this for concrete systems developers.

Method currently does not cover functional aspects of
system functionality and does not require profile elements,
which are focused on test data definition including input and
output data. Also proposed method does not cover automated
test case execution and does not use elements related to
execution. In the proposed method only main profile elements
are used. More details of target model elements are described
in the next section.

I1l.  APPROACH FOR AUTOMATED TEST CASE GENERATION

The described approach provides automated test case
generation for timing details verification of the system
component. For test case generation sequence diagram in XMl
format and transformation rules within defined notation are
required. The goal of the approach is to automatically generate
and store test cases, but automated execution of them is out of
the scope of this approach.

A. Data transformation model

As it is mentioned in Section 2, transformation uses UML
sequence diagram as a source model and UML Testing profile
as a destination model. Figure 5 shows data mapping schema
between source and destination models.
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Fig. 5. Conceptual mapping between metamodels

Figure 5 is the simplified conceptual schema of data
mapping between sequence diagram and Testing profile
elements. Approach uses 5 elements from Testing profile:
SUT, Behavior, TestObjective, TestContext and TestCase.
SUT element describes system under test and contains
information about system components. Behavior element
contains timing details definition of the tested components for
the concrete test case. TestObjective presents expected result
for each test case and at the same time TestObjective could be
verified according to TimeConstraint and DurationConstraint
of the sequence diagram. TestCase together with related
elements describes each independent program execution case.
TestContext groups several test cases into sets.

B. Principles and detailed description of the approach

Test cases for specific system at the same time are models
of UML Testing profile metamodel. Test cases usually are
based on system specification or system model. Figure 6
shows complete approach of automated test case generation,
which is based on common model transformation principles of
MDA.
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Fig. 6. Complete approach of automated test case generation

The main principle of this approach is to use standardized
model presentation, but perform all processing and data
generation in database, because data manipulation and
management is the purpose of it. Test data, as the result of
model transformation, is stored in appropriate tables and
linked in-between.

As input data XMI (XML Metadata Interchange,
http://www.omg.org/spec/XMI/) representation of system
sequence diagram is used. XMI is a standard provided by
OMG group for UML model representation in XML format. It
means that approach doesn’t have dependency on model
definition tool and various tools could be used for model
development (for example, Enterprise Architect or Eclipse).

In Step 1 only technological representation of system model
is changed from XMI to database format. This step is
necessary to prepare all model related data for further
processing. As the result of this step database structure with
inserted data is received. Structure of database is based on
UML sequence diagram metamodel and is appended with
additional properties from XML file (for example, parent
element type and parent element id). In general, for each UML
metamodel class appropriate table is created and necessary
data are inserted.

Complete structure of UML sequence diagram metamodel
is made universal to support various specifications. According
to XMI specification, class is linked to message and timing
details of the message through 7 layers: Class - Property >
Lifeline >  OccurenceSpecification - Message —>
TimeConstraint > TimeExpression = OpaqueExpression ->
TimeObservation. Such structure is too complicated for
transformation rules and it would require definition of
technical details in transformation rules. For test case
generation purpose system model should be presented in
simplified format — views. In this approach Step 2 introduces
view for messages presentation and includes all necessary
timing details of them. The result of this view is the data ready
for transformation.

Transformation tool is developed as PL/SQL procedure
with set of additional functions to provide affected system
object selection, transformation rules processing and test data
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DB:table

generation. In Step 3 transformation is done based on
simplified model representation and test data is generated
according to defined transformation rules.

C. Notation of the transformation rules

During transformation process each transformation rule
sequentially is read from table and processed. Transformation
rules are defined and stored in
TRANSFORMATION_RULES table according to strictly
predefined notation. General format of notation for test case
generation transformation rules is the following:

FOR: <object type> <object name> WITH: <precondition>
DO: <operation> WITH: <behavior def.> WHICH: <objective>

<object type> - defines type of the object to be processed
during transformation. For example, object type MESSAGE
could be specified.

<object name> - name of the object to be selected for
validation and processing. If transformation rule is applied to
all objects of the specified type, “*” should be used.
Otherwise, exact name of the object of appropriate type should
be specified here.

<precondition> - precondition section for object selection.
Precondition should be written in SQL statement WHERE
clause format, which is activated during search of objects to be
processed.

<operation> - activity that should be processed with found
objects. Currently supported operation is “CREATE TC” —
new test case creation for activated rule and found object.

<behavior definition> - definition of the timing behavior of
affected object in created test case. 2 options are supported for
behavior definition:

« static definition — when timing aspects of the object are

specified by static data. For example,
“durationconstraint=0”,  “timingconstraint=99”  and
similar;

» dynamic definition — when timing aspects are defined
with the means of data from specification. Timing
aspects (duration constraint and timing constraint)
according to UML could be specified in time interval
format: like interval between min and max (1..7) or
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less/more/less or equal/more or equal/equal (“t<=4" or
“d>5"). In such case behavior definition could use 2
predefined words “min” and “max” for value
specification. For example, “durationconstraint = min
+1” or “timingconstraint = max + 2”. In case of dynamic
definition test case behavior will be automatically
calculated based on specification from system model and
behavior definition from transformation rule.
<objective> - objective of the generated test case. In this
section expected result of the generated test case is specified.
Below is given example of transformation rule, the purpose
of which is to generate possible test cases for all messages
with specified timing constraints for cases, when timing
constraint is more than maximal allowed time by 1.
FOR: MESSAGE * WITH:
DO: CREATE TC WITH:
WHICH: EXPECTED RESULT = FAILED

timingconstraint is not null

durationconstraint = max + 1

IVV. PRACTICAL OUTLINE OF MODEL CONSTRUCTION

Approach approbation is based on a simple sequence
diagram with several message transmissions with timing
constraints. Figure 7 shows this sequence diagram and time
constraints.

Fig. 7. Example of sequence diagram with time constraints

After diagram export into XMl file and processing in Step 1
of the approach, diagram data is inserted into database tables
and is available for further processing.

In Step 2 previously created view contains necessary
information about messages to be used in transformation.

NAME SOURCE DESTIN TIMINGC TO DURATIO DO
a to b A unit B unit t < 6 t d <30 d
b to ¢l B unit C unit £t < 10 t 1..3 d
b to ¢c2 B unit D unit t <15 t 2..4 d

For transformation the following 3 rules are defined in
TRANSFORMATION_RULE table:

FOR: MESSAGE * WITH:
DO: CREATE TC WITH: timingconstraint = max + 1
WHICH: EXPECTED_RESULT = FAILED

timingconstraint is not null

FOR: MESSAGE b to cl WITH:
not null DO: CREATE TC WITH:
max WHICH: EXPECTED RESULT = SUCCES

FOR: MESSAGE * WITH:
DO: CREATE TC WITH:
WHICH: EXPECTED RESULT = SUCCES

durationconstraint is

durationconstraint =
timingconstraint is not null

timingconstraint = max -1

After transformation processing with these rules we got 7
test cases with the following behaviors and objectives.

BEHAVIORDEFINITION TESTOBJECTIVE
for MESSAGE b _to c2 timeconstraint = 16 FAILED
for MESSAGE a to b timeconstraint = 7 FAILED
for MESSAGE b to cl timeconstraint = 11 FAILED
for MESSAGE b_to cl duration = 3 SUCCES
for MESSAGE a_to b timeconstraint = 5 SUCCES
for MESSAGE b _to cl timeconstraint = 9 SUCCES
for MESSAGE b_to c2 timeconstraint = 14 SUCCES

This is the simplest example of test case generation. The
idea of this approbation is to show usage of MDA principles in
test case generation. These examples cover timing constraints
verification according to transformation rules. The result of
such generation is the set of test cases of all system
components, which satisfy conditions in transformation rules.
In such cases test objective is taken from transformation rule,
but it also can be generated based on the constraint value.

V.CONCLUSIONS

Model-based software development requires appropriate
testing techniques. Source for test cases development in such
processes is the model. In this paper the author presented
approach for test cases development based on UML sequence
diagram. This method follows up MDA principles of model
transformation. Sequence diagram is used as a source model to
describe system dynamic behavior including time constraints.
UML testing profile is selected as destination model to define
test cases and to them related aspects. During transformation
development it was stated that transformation rules for direct
transformation from sequence diagram to Testing profile could
be complicated and require simplification of this process. For
this purpose suggested approach includes addition step of
source data preprocessing to simplify them and to make them
ready for transformation rules. After such preparation
transformation rules could focus only on logical data
manipulation.

From technical point of view the described approach is
based on XMI standard and is able to process sequence
diagram in XMI format. This option allows using a variety of
UML diagram development tools. Transformation rules and
source models are stored in database and transformation tool is
developed in PL/SQL. Transformation results in new data
generation, which complies with UML Testing profile
definition.

Developed transformation tool has limitations and currently
supports only timing details verification from sequence
diagram. Structure of the tool is able to extend its functionality
and after improvements could support other UML diagrams.
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Jurijs Grigorjevs. Modelvadama testéSanas pieeja balstoties uz UML secibu diagrammu

Raksts ir veltits mode]vadamas test€Sanas principiem. Autors piedava savu pieeju testéSanas gadijumu izstradei. Modelvadama programmatiiras izstrade paredz
programmas koda iegiiSanu no sistémas modeliem, lietojot transformacijas rikus un defingjot transformacijas likumus. PaSlaik arvien plasak tiek attistitas
komercialas un brivi pieejamas programmatiiras, kas nodrosina programmas koda automatisko generg$anu no sistémas modeliem. Raksta autors piedava savu
metodi transformacijas principu pielietosanai ar mérki automatiski generet testéSanas gadijumus. Par pétijuma problému tika izvélétas laiciguma ipaSibas, kas
prasa specifiskus testé$anas gadijumus tas verificéSanai. Balstoties uz ieprieks€jo pétijumu rezultatiem, par sakotng&jo modeli sistémas modelésanai tika izveleta
UML secibu diagramma, kas nodrosina laiciguma aspektu definéSanu. UML test€Sanas profils, ko piedava OMG, tiek lietots beigu modela atspogulosanai,
testéSanas gadijumu un ar to saistitu aspektu glabasanai. Piedavata metode paredz secibu diagrammas ielasiSanu XMI standarta formata, ielasito datu ieladi datu
bazes tabulas, kas atbilst secibu diagrammas metamodelim un turpmako modela transformaciju testéSanas modeli. Lai atvieglotu transformacijas likumu
rakstiSanu, metode paredz sakotn&ja modela vienkarSoSanu un ta atspoguloSanu skata forma, kas iekapsulé svarigakas objekta ipatnibas. P&tjjuma ietvaros ir
izstradata transformacijas programma, kas ir spgjiga lasit transformacijas likumus un pielietot tas attieciba pret sakotnéja modela datiem. Transformacijas
rezultata tiek aizpilditas datu bazes tabulas, kas atbilst UML testéSanas profila metamodelim. Raksta beigas autors sniedz piedavatas metodes aprobaciju ar
vienkar$as secibu diagrammas palidzibu ar diviem zinojumiem ar laika ierobezojumiem. Aprobacijas laika tiek definéti 3 transformacijas likumi, kas rezultata
iegiist 7 testéSanas gadijumus. Aprobacijas rezultats lauj secinat, ka piedavata metode ir sp&jiga darboties un generét testéSanas gadijumus. Savukart, izstradata
rika ierobezota funkcionalitate nelaus to lietot pilnvertigai testéSanai, bet izvéléta struktiira atbalsta jaunu transformacijas objektu pielik§anu un transformacijas
likumu papildina$anu. P&tijuma gaita tika konstatéts, ka sakotn&a datu struktira transformacijai ir parak sarezgita transformacijas likumiem, tapéc ir
nepiecieSama datu vienkar$ota reprezentacija. P&tljuma turpindjuma ir nepiecieS$ams nodroSinat sarezgitaku gadijumu apstradi, ka ari papildinat test€jamo
funkcionalo apgabalu.

IOpwuii I'puropses. Meton TecTupoBanusi, ocHoBaHHbIi Ha UML nuarpamme nociie10BaTebHOCTeH

CraThs MOCBAIIEHA IPOLECCY TECTUPOBAHHs, OCHOBAHHOMY HAa MOJENAX CHUCTEMBI, IJie aBTOp IpelsiaraeT CBOH MOAXOJ IJS eHEepalMd TeCTOBBIX CIy4aeB.
Pa3paboTka mporpaMMHOTo oOecrieueH s, OCHOBaHHAsI Ha MOJEISX CHCTEMBI, TOIpa3yMeBaeT NCIOIb30BaHNE MOJENEH Ui aBTOMaTHIECKOH TeHepaniy Kozia
HOCPE/ICTBOM HCIOJIB30BAaHUs POrpaMMbl TpaHC(opManuu 1 mpasui TpancdopMmannii. B nanHoe Bpemst BCE yallie BCTPEYAOTCSI KOMMEPYECKHE U CBOOOIHO
JIOCTYIHBIE TIPOrpaMMBI Il aBTOMAaTHYECKOH TreHepaluy IpOorpaMMHOrO Koja U3 Mojenel cucTeMbl. B cratbe aBTOp mpersiaraeT CBOi MeTOI HCIOIb30BaHUS
AHAJIOTWYHBIX TNPHHIUIIOB TEHEpamyuy JUis (OPMHUPOBAHMS TECTOBBIX CITydacB, OCHOBBIBAsCh Ha MOJIETM CHCTEMEL. B KkadecTBe mpoONeMBI I JTaHHOTO
MCCIIE/IOBAHNS OBUTH BBHIOPAHBI BPEMEHHBIE OTPAaHMYCHMS (PYyHKIMOHMPOBAHMS ITIPOTpPaMM, KOTOpbIE HYKIAIOTCS B COOTBETCTBYIOIIMX TECTOBBIX CITydasX.
OcHOBBIBasICH Ha pe3ylbTaTax INPeABIAYIINX HCCICIOBAHMI, 32 HCXOOHYI0 MoJenb Obula BBIOpaHa AMarpamMMa IIOCIEJOBAaTEIbHOCTEH, KOTOpas Takoke
obecrieunBaeT MOJJIEPXKKY BPEMEHHBIX orpaHnmdeHnil. Koneunas Mozmenb Juist (OPMHpPOBAHMS TECTOBHIX JAHHBIX OCHOBBIBaeTcs Ha UML mpodwmne s
TecTupoBaHus. [IpeutokeHHBIH METOJ To/Ipa3yMeBaeT 3auNThIBaHIE MarpaMMEl TocieoBarensHocTeil B XMI dopmare, 3arpysky 3TUX TaHHBIX B TaOJIMIIBI
0a3pl JaHHBIX, KOTOpas COOTBETCTBYET METaMOJENH JHarpaMMBbl IOCIEAOBAaTEIbHOCTEH, M AalbHEHIIyI0 TpaHC()OpPMAamMIoO B MOAENb TeCTUpOBaHUS. s
oOnerdeHnsl HAMUCAHUS NPABWI TPaHC(OPMANUH METOA NpeAycCMaTpuBaeT YNPOLIEHHE M OTOOpa)KeHHe M3HAYAIbHOM MOJENH B BHUJE NPEACTaBICHHS 0a3bl
JIaHHBIX. B paMkax maHHOro MccienoBaHHs ObUta pa3spaboTaHa mporpamMma TpaHC(OPMAIMH, ITO3BOJISIONIAS 3a4YUTHIBAHHE MPaBWI TpaHC(OPMAIUM M HX
JanpHennyo o0paboTky. B pesynbrare TpaHcdopmaluii 3anonHAIOTCS TabaMIbl 0a3bl JaHHBIX, COOTBETCTBYIOIME hopmaTty Meramoznenu UML nuarpammel
MIOCIEI0BATEILHOCTU. B IpomomKkeHne cTaTh aBTOp MPUBOJHUT alpoOaIHio MPEIJI0KEHHOTO METOa C IIOMOIIBIO IPOCTON JHArpaMMbI IIOCIeI0BATeIbHOCTH,
TJie UMEIOTCS COOOIIEHNs C BPEMEHHBIMH OTpaHMYEHHAMH. Bo Bpems mpakTHuecKod NMpOBEpKH MeToja NpeulararoTcs 3 mpaBwia TpaHc(OpMalmii, 4To B
pe3ynbTaTe MPHBOAUT K TEHEpalMM 7 TECTOBBIX ciydaeB. Pe3ynbraT ampobanmu aéT BO3MOXKHOCTB CHENATh BBIBOJ O JEECHOCOOHOCTH JAHHOTO METOJa M
pa3paboTaHHEIX HporpamMM. B cBoio ouepens, QyHKIHOHAIBHBIE OIPAaHUYCHUS Pa3pabOTOK He MO3BOILIOT UCIONB30BATh UX B MOMHOLEHHBIX TecTax. OmHako
CTpYKTypa, BBIOpaHHas IPU pa3paboTKe MPOrpaMM, TTO3BOJISIET JAOTOIHATE UX (QYHKIMOHABHBIE BOSMOXKHOCTH M Pa3BUBaTh B JAJIBHEHIINX HCCIe0BaHUIX. Bo
BpeMs JIAHHOTO HCCIEJIOBAHMS TAkKe OBUIO KOHCTATHPOBAHO, YTO CTPYKTYpa HMCXOJHBIX JAHHBIX MOJEIH CIOXHA U TNPSMOTO MCIIONB30BaHHUSA HX B
TpaHc(hOpPMAIUH U €CTh HEOOXOAMMOCTh B HX YIPONIEHHH, YTO M OBLIO CHENAHO BO BpeMs HCCIENOBaHUH. B mpomomkeHme nccienoBaHUs HEOOXOAUMO
00ecIIeunTs MOANEPIKKY OoJIee CIOKHBIX JHArPaMM MOCIEI0BATENbHOCTEH U JOMONHUTS TECTHPYEMYIO 00/1acTh.
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