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ABSTRACT

Testing model transformations has played a leadotg with the dissemination of MDA in software
development processes. Software testing based aok-bbx testing, together with the “category
partitioning” method, can be efficiently used irder to conduct the verification of model transfotimas.
This study employs software testing techniquesntd\@L model transformation in the MDA context and
points out their benefits. The black-box testingthme was adapted to the MT-PROAPES model
transformation based on profiles and platform med&he platform models define the range of input
models of the MT-PROAPES and are used for the ioreaf the test cases. The test cases were selsated
as to meet certain requirements and increase tligy ab detect errors in the model transformatidtnis
approach makes the test process more agile andndbesquire any abstraction of behavioral propsrtf
the transformations. The field of transformatiostitey and verification still faces significant cleslges and
requires a lot of research. Although having sommitditions, black-box testing conforms to various
situations, besides allowing its integration withear test strategies.
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1. INTRODUCTION platform (Loniewski et al., 2011). The PIM
constitutes a model represented at a high abstracti

The increasing complexity of software developmentlevel and defines the software functionalities,
processes has encouraged the creation of the Modedrchitecture and behavior. PIMs can survive the
Driven Architecture (MDA). MDA is a software advancements in technology and  software
development approach that aims to transform platfor architectures. In its turn, the PSM is also a safewv
independent into platform dependent models andmodel containing details of the target platformgtsu
eventually into executable source codes (Qiu amthfa  as a specific operating system or software libsarie
2012). The primary benefits claimed by model driven  Model Transformation (MT) is an essential issue in
approaches consist of portability, productivity and MDA. Transformation between models can be defined
reusability (Agneet al., 2013). as the translation of a model from a higher absivac

The MDA development process invioves the level to a lower abstraction level, based on a grofi
specification of a Platform Independent Model (PIM) clearly defined rules (Dube and Dixit, 2012). Sealer
and the Model Transformation (MT) of a PIM into a Model Transformation Languages (MTLs) were
Platform Specific Model (PSM) based on a specific proposed so as to define and execute Model-To-Model
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(M2M)  transformations.  Atlas  Transformation
Language (ATL) is one of the most prominent among
these languages, widely recognized as a solutiothfo
development of model transformations (Tolozaal.,
2011; Troya and Vallecillo, 2011).

In the software development cycle, once a model
transformation is specified and implemented by an
MTL, the verification process consists in determai
whether the implementation of this transformation
meets its specifications (Lamari, 2007). Model
transformations are defined by means of transfaonat
programs or modules and, therefore, are considased
software. In this way, well-established techniqurethe
field of software engineering can be used to test a
verify these model transformations.

This study illustrates how the functional test,oals
known as black-box testing, can be applied to the
verification of MTs. Next, the test is employedtime
verification of the model transformation MT-
PROAPES (Soareet al., 2012), defined in ATL and
based on a platform profile. The results are diseds
in the endof this article.

2. MATERIALS AND METHODS

The development of model transformations is not a
trivial task and thus is liable to errors. The ti@aof a
model transformation is not complete before tests a
done and the fulfillment of the implementation
specifications is verified (Bauer and Kister, 201lh)
this sense, verification increases reliability arsability
of the transformations. When a transformation doats
work properly, it may insert errors in the genedate
software model or code. Testing and verifying tredet
transformation is thus necessary in order to dedect
correct errors as soon as possible.

Traditionally, testing consists in executing a peog
in previously selected representative situations by
defining adequate test cases. Software testinguis qf
the software development process (Kaur and Sing
2012). It is used to reveal system errors, to asse
system conforms to its specifications and to verify
whether the system behaves in the intended manner.

“Software testing” techniques are widely
employed for verifying and testing model
transformations (Wanget al., 2008; Lamari, 2007).
Such techniques consist in verifying whether
transformation works properly for a particular gvoaf
test cases composed of some input models, withgntt
however, to validate it for all the input combiraans.

a
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2.1. Black-Box Test

Model transformation tests can be carried out
through the functional technique, as known as “klac
box” testing, aiming at verifying the functional
requirements of the Software being tested. Under
functional tests, the generation of test cases is
independent  of  the model  transformation
implementation, once it is based on the transfoionat
specification. “Black-box” tests are widely emplalyi:
the verification of transformations in the MDA cent
(Guerra, 2012; Fiorentiret al., 2010; Seret al., 2009;
Fleureyet al., 2009; Wanget al., 2008; Lamari, 2007).

The conduction of functional tests in model
transformations must follow the steps below:

Generation of test cases based on the model
transformation specification and the specified test
criteria. In the group of test cases generatedryeve
test case must define an input model as well as the
expected results, i.e., the target model expected a
result of the model transformation execution

Tests must be executed in accordance with the group
of test cases selected

Results obtained in the execution must be analyzed,
that is, the result expected for each test case baus
compared to the result obtained

Changes in the transformation programs (modules)
must be made so as to address the errors found
during the execution of step 3

The testing activity must define a group of testesain
which the probability to find an unrevealed errerhigh.
The creation stage of the group of test cases edounded
on the “category partitioning” method (Chimisliu can
Wotawa, 2012). According to this method, the ingata
partitioning is based on the assumption that tlftevace to
be tested behaves in the same way for a data fpoumg
a partition class. The idea consists in dividing imout
domain into some groups and choosing a specificrtedel
from each group. In this way, data are partitioregghrding

h Some criteria that shall affect the data input abiristics
likely to have an impact on the software behaviodar

test. The “category partitioning” method is adopied

several researches that perform model transformsgists

within the MDA approach (Fleurest al., 2009; Pons and
Garcia, 2008; Lamari, 2007).

The generation of significant models approach
(Fleurey et al., 2009), based on the topology of the
domain to be partitioned, can also be used as a
complement to the “category partitioning” methodhist
approach focuses on the program elements that Ineust
exercised and the coverage measures the leveliah wh
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the elements of an implementation are executedhgluri « Linkage component coverage: Each linkage
the tests. Based on the category partitioning and component defined by a stereotype must be

generation of significant models approaches, therage instanciated in at least one test model. Therefbee,
criteria can be defined and used to select th&m{S idea resides in Separating the Components defmed |
2.2 MT-PROAPES Model Transformation these profiles in specific ranges in order to assur

such special values to be used in the test
The MT-PROAPES defines a PIM-to-PSM model

transformation. Both the PIM and the PM apply elatae platform profiles define the range of the input raisdof

of the PROAPES profile (Soareat al., 2012). The the transformations, for generating test casessit i

PROAPES defines a group of stereotypes in order toadequate to define criteria based on profiles adtiiem

abstractly describe the services provided by dqulatof for the partition of the input range (Wagtal., 2008). In
embedded systems, based on specific processolisetqu g4 going, the selection of a group of relevant teda is
for their execution. The MT-PROAPES aims to provide jntended. The selection of test cases, thereforahied
independence between the transformation rules la@d t {he selection of valid Input Models (PIMs) from eogp
platform features by means of the PROAPES profile.  of input models. Such test models are valid ones th
The MT-PROAPES transformation was implemented pe|ong to the transformation input domain (in confiby
in ATL, a hybrid transformation language basedwles  \ith the input meta-model) (Senal., 2009).
and designed to express model transformations as The “generation of significant models” approach
required by model-driven approaches (Troya and(Fleurey et al., 2009) was used together with the
Vallecillo, 2011). ATL is one of the most widely ats “category partitioning” method. In this way, the
model transformation languages (Tolosiaal., 2011).  performed partitioning was based on the topolodinde
Besides being defined by an ATL module, the MT- through the stereotypes established in the linkagéles
PROAPES transformation was structured by means ofynd used to annotate the PIM model.
transformation rules. The ATL module implements  Tests of ATL-based model transformations were
specific rules for each type of stereotype applieda  conducted so that the groups of selected test cases
message of the PIM model (Soaetsal., 2012). In so  considered. To do so, it is important to point ¢
doing, considering that the PROAPES profile defines execution of an ATL transformation, involving the
several stereotypes related to hardware and se&ftwarfo|iowing steps: (i) Verification of semantic ersorelated
applications, the MT-PROAPES transformation is to the ATL meta-model and the source and targefimet
composed of rules oriented to the transformatiothef  models: (i) compilation; and (iii) execution of eh
source model elements related to each one of thesgansformation (Bruneliéret al., 2010). That is to say, in
stereotypes. The MT-PROAPES module is composed ofhe first two steps the verification of certain égpof
specific rules for creating the new PSM elementst th errors is already performed and the execution is

Given the fact that, in the context of this reskarc

contain platform-specific features. interrupted, if needed. The syntactic correctnesshe
model transformation is assured by the ATL language
3. RESULTS compilation process. Thus, the ATL compiler vesfie

whether the program/model developed is syntacyicall
The “black-box” test together with the “category .qrectin reIatFi)ongto this language. P yntacy

partitioning’ method were employed in the transfation S : : ;
yntax errors found in this stage were solved durin

of MT-PROAPES models. The MT-PROAPES makes o conqyction of the referring tests. Other caseghich

use of the ATL language and is based on a platform

i . . errors occurred were those in which the properties
profile that contains several stereotypes (orgahiae a (tagged-values) related to the stereotypes hacbeen
domain model). In this case, a group of appropriast 99 yp

cases for the developed transformations must Ifufil correctly completed by the _de5|gner. Itis yet imaot to
least the following coverage requisites: point out that such error is not reflected on theget

model generated by the transformation, given that t

* Rule coverage: Each transformation rule defined transformation execution process is interrupted they
must be exercised by at least one test cases. GiveATL as the error is detected. In order to try tanimize
that the ATL is a transformation language basedthis problem, constraints Object Constraint Languag
on rules, the rule-based coverage is appropriate ifOCL) can be defined, through OCL rules, thus mgkin
this context possible to validate the PIM model in relationtie OCL
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constraints. In this way, it is possible to antitép the  well as its stages in model transformation testifige
problem, ensuring that the PIM is defined in acaamk  functional testing technique wasadapted to the MT-

with the requisites required by the transformation. PROAPES transformation based on its main features
(platform profile and domain model). The
4. DISCUSSION employment feasibility of the technique in a model

transformation, defined through a rule-based

The state-of-the-art status of model transformationlanguage, was also presented. This technique atlowe
tests is presented in (Seliet al., 2012). The “black- testing the execution of the MT-PROAPES
box"software testing technique was adapted to tiie M transformation as well as verifying whether the
PROAPES transformation. This technique enabledobtained result met the expected result.
testing the execution of the implemented transfeiona More advanced techniques can be selected to perform
so the obtained result could be evaluated and cmdpa the verification of model transformations, e.gg tise of
to the expected result. The generation of test tsdole  OCL constraints. In this way, black-box testing dsn
means of black-box technique has become more populajntegrated with these techniques for testing and
since they do not need to deal with the transfoomat  ygjidating MTs. In addition, it is important to poiout
language or technology (Gonzalez and Cabot, 2012).  ha¢ the field related to model transformation itest

Although it is not possible to prove the ,osents new challenges and still demands researche
transformation correctness fully, by means of fioral
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