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Abstract

The aim of this project is to devise a novel model-drifrmmework for context-
dependent testing of components (CDCT). Model-drivehitacture (MDA) is an
emerging approach for developing software applicationsnfioigh-level models. In
MDA, models at various levels of abstraction are used ttoraate software
development and testing activities. Component-basttd&e Development (CSD) is a
process in which software applications are developed bgimg existing components.
This project will investigate the use of MDA for testaaftware applications that are
developed using CSD.

When a general-purpose component is used in a newxtpitteeeds to be
thoroughly tested for that context. We propose to mduelusage scenarios of a
component, in a context of interest, using use casesndm@ction diagrams. From
these scenarios, test cases for performing CDCT are autorhatijemerated. We then
evaluate and extend test adequacy of the generasedases by comparing them with
the test cases that were executed during componenitéstithe component developer,
and attached to the component as component metaédaally, we execute the more
adequate set of test cases to test the componentfaetih context.

This approach is novel in that it will apply the emaggiMDA technology to
context-dependent testing of components. The profp@sadwork may benefit from the
advantages of an MDA-based approach, such as portabilitgroperability and
maintainability. Another novelty is the use of conmgmdnmetadata to evaluate and
extend the adequacy of CDCT. We will develop a prp#otool for the proposed

framework and evaluate the framework and tool support.

Model-Driven Framework for Context-Dependent Testing of Components 5



1 Introduction

The aim of this project is to devise a novel model-arivteamework for context-
dependent testing of components.

1.1. Modd-driven architecture

Model-Driven Architecture (MDA) is an initiative bthe Object Management Group
(OMG) to support the development of interoperablatgibe and reusable software
systems [1]. In MDA, models at various levels of absimacare the central software
design artifacts. They are used to facilitate bothrabbn and automated development.
MDA can contribute throughout the software developntién cycle. Business analysts
can develop a business model which is a computationpemdient model (CIM).
Architects and designers develop Platform Indepentfierttels (PIM) using the CIM.
Developers and testers derive Platform Specific ModeBM) from the PIM, for
generating application code and test code respegti8eftware maintenance teams can
apply model slicing techniques to identify parts of thmdel that relate to a
functionality that is being changed. Some of the athges of an MDA-based approach
are:
1. MDA tools can partially automate the development psscby generating most of
the code from models, resulting in less code to hand{@jaf
2. MDA tools for reverse engineering can automate syrghedssoftware models [3].
3. MDA tools can help in generating test cases from soéwaodels to verify the
software implementation [4].

A simple use of MDA is to model a system in a platforaeipendent modelling
language (e.g. UML). The PIM can then be transfornmtd a PSM by executing
transformation specifications that are mappings betwden RPIM and some
implementation language (e.g. Java) [5]. The same gsagetransforming PIM to PSM
can be used for automating the generation of test gaspsUnit [6] test case for Java).
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1.2. Component-based softwar e development

Component-based Software Development (CSD) is a proeesshich software
applications are developed by reusing readily avigilabmponents [7]. Two important
advantages of CSD are shorter development time aret ldewvelopment cost [8].

The term “component” has many definitions. We adoptp8ki’'s definition,
who defines a component as “a unit of composition vatimtractually specified
interfaces and explicit context dependencies” [9].8D, the component provider
develops component(s) and a set of interfaces to theawnf{s). The component user
reuses the component(s), using their interfaces, tolafeweftware applications. The
interface of a component is a collection of serviceeas points along with their
semantic specifications [10]. These interfaces are théaust implemented by the
component developer, through which the reusing systésnaicts with the component.

Software developed using this process is called Compd@ss#d (CB) software.

1.3. Context-dependent component testing

Although CSD has various advantages over traditionfiwace development, it
complicates software testing. The component develomfermm component testing to
confirm that components exhibit the desired behaviGemponent testing refers to all
activities that are related to testing of a compomérnhe time of its development. This
is often referred to as unit or module testing [11§ d@rincreases the reliability of the
component in CB software. However, software testingstamnv the presence of defects,
but not their absence [12]. The component develogessng may fail to test the
component sufficiently because:
1) The use of the component is novel and may not be tastdd
i) Components are generally developed to provide a ragige of functionally
to achieve greater applicability [13]. However, tmenponent usage (in the
novel context) may be intensive over part of a conspta range of use,
which was uniformly (averagely) tested (because tingpoment developer
also tested functionality that will not be used in tieg context).
The component user would benefit from more intensivenggsiver the context that
applies to the component. This context-dependent coemtdesting (CDCT), which is
also known as CB testing, refers to all activities #ratrelated to testing in the scope of
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a CSD [14]. CDCT testing aims to increase the relighilf the component for the new
context. CDCT allows the component user to focus wdirfg errors related to the use
of the component in a specific context. Figure 1 shdles relationship between
component testing, which is uniform across different péssibes, and CDCT, which is

more thorough for a particular use.

Component Testing (CT)

/ Q Uniform across the range of expected uses of the component
N 4 (wide in scope but less thorough)
/ A
A1

\

™~ /

Context-Dependent Component Testing (CDCT)
AN Specific to a particular usage context
N p (narrow in scope but more thorough)

N

Figure 1: Component testing vs context-dependent component testing

The significance of context in component testing is destrated by the failure
of the ARIANE 5 rocket which was launched in 1996][1t crashed 40 seconds after
take-off. The investigation revealed that a compowéithe ARIANE 5 that was taken
from the ARIANE 4 failed to function properly. Theason for the failure was the
higher initial velocity of the ARIANE 5 compared the ARIANE 4. The reused
component worked fine in the ARIANE 4 but it failedth the ARIANE 5. However,
more thorough testing of the component in the cordeitie ARIANE 5 (CDCT) might
have detected the problem.

An example of a slightly different nature is the reafea component on a
different platform (operating system or machine asdtitre), which is different from
the platform used for the component development anthgesthese platforms may
have a different way of data processing, which alltawslifferent interpretations of the

information exchanged between the CB software anddhgonent [16].

1.4. Theproblemsin context-dependent testing of components

CDCT has its own challenges and limitations. The most itapbproblems are [17]:
i) Unexpected behaviour of component(s) when reused@wacontext
i) Lack of access to internal working of a component
lif) Test adequacy criteria for component reuse

Model-Driven Framework for Context-Dependent Testing of Components 8



The most significant challenge in CSD is the testing @bmponent in a new
context [14]. There is a possibility that a componenteveloped and tested in one
context (by the component provider) and used in amatbntext (by the component
user) for which it was not tested. The reusing systemusarthe component in such a
way that different states are activated and diffepatths are exercised. Therefore, the
use of a component in a new context can expose psdyiamndiscovered errors.
Testing of a component in the context in which itésnly reused is necessary as it can
discover the defects that are specific to this contdrreover, a more thorough testing
can be performed by focusing on the particular usdgiee component.

The second problem is the lack of access to the intemogking of the
component. For some components, such as Commercial-Of6héle- (COTS)
components, source code and design artefacts may ratailable to the component
user. This lack of information limits observability oteamponent. Observability is the
extent to which inputs, outputs and behaviour oframmnent can be observed [18]. The
lack of observability affects component testability][1® reduces the confidence that
testing yields because, simply by examining outputs ofomponent, we cannot
guarantee that it is working correctly. The cormatput is not enough to decide on the
correct working of a component because sometimes a canpbehaves incorrectly
and still returns the correct output value. This mect behaviour of a component can
affect the behaviour of the CB software.

Criteria for adequate testing of a component at ithe of its reuse is another
concern [20]. Component interfaces can provide sofenmation about the component
model, but they do not provide enough informationdevising test adequacy criteria
[13]. The component user often picks test adequadsrierilike executing all method

calls that are part of the component’s interfacetfistmay not be sufficient [21].

15. A mode-driven framework for context-dependent testing of components

We propose a novel, model-driven framework for contlegendent testing of
components to address the first and the third problestsisied in Section 1.4, which
are the testing of a component in a new context atermining test adequacy criteria
for component reuse. The proposed framework consistg dblllbwing steps.
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1) Modelling component usage scenarios and generating test casesfor CDCT

First, we model the actual component usage, requireédeogomponent user, in the CB
software using a use case chart (UCC) [22]. From ttezaction diagrams, which are
part of the use case chart, we generate test caspsrforming CDCT. We generate
test cases only for those use cases in which the compaesed. The test cases
consist of a sequence of method calls (SMC).

i) Evaluating and extending test adequacy of CDCT

We then evaluate the adequacy of the test casegraged for CDCT, using the
component-metadata provided as developer certificab@mveloper certification is a
component testing (CT) technique in which the compbrimveloper executes test
cases, and attaches these test cases to the componemipaser@ metadata [23]. We
determine and extend the adequacy of CDCT by congp#iatest cases, generated for
CDCT, with the test cases that were executed duringlolger certification.

CDCT is considered to be adequate if it includesdetes) all the test cases that
were executed during the component certificatiothdfe are some test cases that were
executed during component certification and thatnateincluded in CDCT, we review
those test cases to decide if they can increase theaxeqgf CDCT. If those test cases
relate to component functionality that is used inrtbe/ context, we add them to the test
cases that we generated for CDCT.

The test cases that are generated for CDCT but thatwe¢ part of component
certification, indicate a weakness in component testieg, the component was not
adequately tested for the new context. As these tessare devised at system-level,
each of them indicates a functionality of the comporibat was not tested before.
Therefore, we review these test cases to decide ifsheyld be expanded (increased in
number) to cover the functionality of the componéat tvas not tested during CT.

Our approach for evaluating the adequacy of CDEhased on comparison of
test cases and test suites. Comparison of test cases aflemging task because test
cases that are not syntactically identical may sl tee same functionality and should
therefore be considered equivalent. Similarly, testesucan be compared using
different techniques that have their own advantagessues such as simplicity and

scalability. We shall define different criteria fooraparing test cases, and approaches
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for comparing test suites. We shall evaluate theseriaritexd approaches to decide

which is the most suitable for our purposes.

Iii) Executing thetest casesto test the component for a new context
We transform the test cases, generated for CDCT, wmarete and executable test
cases using a model-driven approach. Finally, we esdbase concrete test cases to

test the component for the new context.

1.6. Contributions

This research project will make the following conttibas.
i) A novel model-driven framework for context-dependesting of components
i) A novel algorithm for generating test case sequenoes dise case charts
iii) A novel method for evaluating and extending test adeg of CDCT
iv)  Criteria for comparing test cases and test suites
v)  Prototype tool support for the framework

vi) Evaluation of the framework and tool support

1.7. Document overview

This document is organised into four sections. Sectiprotides an introduction to the
project and the report. Section 2 surveys relateckw®ection 3 describes the work

done so far. Section 4 outlines the research plan.
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2 Related Work

Software testing is an important activity of a sofwvaevelopment process, which is
aimed at assuring the quality of the product. Softveqmelications are tested to ensure
their correct working. Myers defines software testingdprocess of trying to discover
every conceivable fault or weakness in a work prddigt]. Traditionally, software
products have been tested based upon their specifisatio implementations [25].
Recently, model-based testing has become popular [Rovefilel-based testing refers
to processes, methods or technologies that use softwadels to perform testing
activities. One reason for its popularity is that sofevaodels can contain both static
and behavioural information, which provides a sodrabe for conducting testing
activities [29]. More recently, model-driven testingshstarted to emerge. Model-driven
testing is a form of model-based testing that is basedhadels, meta-models and
transformation rules [30]. As our research focuses on huoen testing of
component-based software using use case charts and tioterdiagrams, we will
review related work in the following areas:

i) Model-based testing in general, and testing usingdotien diagrams in

particular
i) Descriptions of use case charts
iif) Model-driven testing

iv) Component-based testing

21 Mode-based testing

Unified Modelling Language (UML) is a de facto indysistandard for modelling
software applications [31]. Researchers are investmatiififerent types of UML
diagrams to support software testing activities. The Ulélgrams that are widely used
to automate software testing are: use case, activitie stachine and interaction
diagrams. Use cases represent a specific use of a systesnaiie used for automatic
generation of test cases for implementation verificat8# 33]. Activity diagrams are
an object-oriented equivalent of Flow Charts andallbw Diagrams. They are used
for validating software workflows [34] and generatitegst cases for implementation
verification [35-37]. State machines represent theestapendent behaviour of a
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system. They are used to validate software models [3&#A0]to verify software
implementation [41-45].

UML interaction diagrams [31] represent dynamic intBoms among objects,
components or sub-systems. They consist of collaboratiagrains and sequence
diagrams. The former emphasise the organisational struftumeracting components,
and the latter show interactions in a time sequence enaimteraction diagrams are
used to determine test requirements, generate test dath verify software
implementation.

Abdurazik and Offutt [46] describe the derivationte$t requirements criteria for
both static and dynamic testing from collaboration diats. Supavita and Suwannasart
[47] discuss test requirements for polymorphic interastionrUML sequence diagrams.
Andrews et al. [48] propose test adequacy criterianfsequence diagrams that are
defined in terms of condition coverage, full predicabverage, each message on a link,
and all message paths. Briand and Labiche [49] propose TOTEM (Testing
ObjectorienTed systEms with the unified Modellingdaage) methodology to derive
system test requirements by analysing UML artifacts saalass, use case, interaction
diagrams and OCL constraints across these artifacts.

Samuel et al. [50] propose an algorithm for generatesy data from UML
sequence diagrams. In this technique, dynamic slicesesreragied at every message
point in the sequence diagram and then the test caseg@erated for each slice. They
have also defined a test adequacy criterion for gmeamic slicing technique that is
based on slice domain and boundary, slice coverageprédicate coverage and
boundary testing. Dinh-Trong et al. [51] presentchméque to generate test data to test
design models using sequence diagrams. It uses a varialganasst graph (VAG)
which is a directed graph that consists of nodes aneseslgeh that the nodes record the
change in values of variables and the edges representantrol flow during the
execution of a sequence diagram.

Basanieri and Bertolino [52] propose the UIT (Usdefaction Testing)
methodology to generate test cases by analyzing used@g@ms and interaction
diagrams. Later, they proposed a test strategy, namedl€8W(Cost Weighted TEst
STrategy) [53], for selecting and prioritising tesse&s using the UIT methodology.
They automated this strategy by implementing a tool, da@ewSuite [54], that
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generates test cases using use case and sequence diRgskaiss et al. [55] present
an approach to generate test cases from sequencandggrhey convert a sequence
diagram into object method directed acyclic grapM@EAG) such that its objects
become the nodes and its method calls become the edtesgiph. The paths in the
OMDAG are augmented with test information (differaftribute values and parameter
values of methods) that is used to generate test casetestltases generated using this
approach validate the software model, and do nottiestsoftware implementation.
Wittevrongel and Maurer [56] develop a model-based, tSCENTOR, which creates
functional test drivers for e-business applications frogusece diagrams that have test
data (parameters and expected values of method call®deedb in them. Fraikin and
Leonhardt [57] develop another model-based tool, $eDj which generates test stubs
using sequence diagrams that are augmented with testTdegse stubs enable testing
even before the completion of the system implementatimwever, both these tools
are model-based but not model-driven i.e., they db take advantage of MDA
technology. Lund et al. [58] present an algorithm derive tests from models
conforming to the UML 2.0 sequence diagram specificatA test is expressed as a
sequence diagram consisting of only one lifelinepkrates by sending messages to the
system under test and observing the messages received.

2.2 Descriptions of use casecharts

Whittle [22] proposes an extension to the UML activittagram, Use Case Chart
(UCC), to support automation of software developmetivities, by specifying precise
use cases and scenarios. A use case is defined ascalpanise of a system, and
groups the scenarios that have a common user goal. Arecenaequence of steps
describing interaction between user and system [31].

A UCC is a 3-level extension of the UML activity dragn. Level-1 is an
activity diagram in which each node represents a use. ¢avel-2 is a set of activity
diagrams such that there is an activity diagram for eaehcase in level-1. The nodes
of a level-2 activity diagram represent different scess of a use case. Level-3 is a set
of interaction diagrams such that there is an intemadatiiagram for each scenario in

level-2.
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Usually the requirements of a software system areenrdss use case diagrams
and text-based templates [59]. This representation qfiirements lacks formal
semantics because the relationships among use cases ofoscanarnot explicitly
defined, which hinders automation of software deumlept activities. The UCC
complement use cases by adding these relationships [68].UTC can facilitate
automated synthesis of state machines [59] and automanedatjon of test cases. The

latter is one of the intended objectives of this mbje

2.3 Mode-driven testing

Model-driven testing uses the emerging MDA technolaggutomate testing activities.
The MDA technology uses models, meta-models and transfamsgiecifications to
leverage automation of software development activilieghis approach, models are
the basic software development artefacts. The metalmadedefinitions that are used
for interpreting models. The transformation rules arppirays between a source and a
target meta-model. MDA uses model-transformation tools (MTd® execute
transformations defined in this way. By automating ti@msations, such as from
activity diagrams to test cases, MDA-based tools cancesdlevelopment time and
maintenance effort in model-based testing.

Dai discusses the transformation of a UML model into MLWR.0 Testing
Profile (U2TP) model [61]. U2TP is a general meta-mddekesting, proposed by the
Object Management Group (OMG). Dai proposes generdésg cases using three
transformations: i) UML model to a U2TP model, ii) td@TP model to a platform-
specific model (PSM) and iii) the PSM to a JUnit taste. However, no tool support is
provided for the proposed method. Zander et al. [i2ksent a similar approach to
transform a U2TP model into executable test cases foNF3,Gvhich is a standardised
test technology for test definition, implementation anakcution [63]. They provide
transformation rules between the source U2TP meta-mouklttee target TTCN-3
meta-model.

Dinh-Trong et al. [64] develop an Eclipse Plug-or Testing UML Designs
(EPTUD) that generates and executes test cases, usingnseqdiagrams. EPTUD
transforms a UML model into an executable form (EDUTeceable design under

test), adds test scaffolding (TDUT, testable design utest), executes tests and reports
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failures. The test cases generated by EPTUD valiteteUML model whereas the
model-driven approach that we propose in this projeetifies (tests) the
implementation of CB software.

Engels et al. [65] present a model-driven monitoraqgproach in which
assertions are used to monitor the behaviour (implemétethe developer) during
execution. These assertions are generated from theactnthat are added to the
model. These contracts represent the behaviour of tlielnamd they consist of pre-

and post-conditions of operations.

24 Component-based testing

Component-based (CB) testing is an important activitg 8D for developing reliable
CBS. A major problem in CB testing is the lack of ad®g information about the
component, which makes it a challenging task (Sectiéh Researchers deal with this
problem by addressing the lack of information or tH&adity in testing [66]. Different
techniques that are proposed for addressing theseeprshih CB testing are discussed

below.

24.1 Built-in testing

Built-in testing (BIT) is a technique in which buitt-tests are added in the component’s
code, to add support for testing the component [68].rBfers to all mechanisms that
add information to a component’s code for facilitatiegting or checking assertions at
runtime [14].

Wang et al. [67] propose a BIT approach for develgpnaintainable CB software
in which built-in tests are added to the componerdtdecsuch that the component user
can decide whether to execute these tests or not.cdimponent user can run the
component in “test (maintenance) mode” or “normal motletest mode, the built-in
tests are executed during execution of the componkateas in normal mode, these
tests are not executed.

Wang’s approach increases component size due to tled séekts. To address this
problem, Memotko and Zalewska [68] propose the CompenBiht method which
separates test cases from the component. The componeideprproduces a BIT-
component and a test-component. The BIT-componentasnganent that has built-in
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testing capabilities. The test-component contains tegtscand interacts with the built-
in testing capabilities of the BIT-component throutghnterfaces.

Beydeda and Gruhn [69] propose a self-testing strategOTS components
(STECC). They suggest augmenting the test componémtaralysis functionality and
testing tools. By doing this, the information that doenponent user needs to generate
test cases can either be encapsulated in the compamentcan be generated on
demand.

Edwards [70] suggests supporting the flow of informafimm the component
developer to the component user using wrappers. Inapsoach, the component
developer adds the information, that can help in t€&ing, to the component and
provides some wrappers that can interact with the caemngo The component user can
use these wrappers to extract information from the coemo The component user can
add or remove wrappers from the component without geaicess to the source code.

BIT approaches increase testability of components kyngdouilt-in tests to the
component. However, they have the following drawbkack

i)  theyincrease the size of the component, and

i) test cases are developer-oriented and the componentarsast influence

the generation of test cases.

24.2 Component metadata

In the component metadata approach, the componentogdeveequips the component
with some information (component metadata) that the coemgouser can use for
performing CB testing. Component metadata can be eitleadata or metamethods
[71]. The metadata are information about the compoaent metamethods are the
methods that retrieve or calculate information ableetdtomponent.

Orso et al. [72] suggests all software engineering aotefused for component
development is metadata and should be shipped along théthcomponent. The
component provider can provide control-flow and €@ graphs of the component
that increase understandability and testability ofdbmponent. These graphs are also
helpful in performing coverage analysis during CB tegti

Wu et al. [73] propose to deliver a UML model of tt@mponent as metadata.

The UML model can be used to determine context-deperrééationships among the
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components, which can be helpful for CB testing. Bafid Budnik [74] propose a

similar approach in which they augment the componetit WML statecharts. Test

cases are generated from the UML statecharts, using rnasedt tools. Using these
techniques, the component user can perform coveragd-baseution of the model, to

achieve greater reliability of the component. Howetlge component developer has to
generate the model each time the component is modified.

Liu et al. [75] introduce the concept of retro-coments. A retro-component has a
retrospector in it which maintains testing and dynamgcation history. It records the
tests that are conducted by the component develodamakes this testing information
available to the component user. Retrospectors enlthrceomponent such that the
user can query the information provided and collet#vant information during their
own testing activities.

In common with BIT, metadata approaches enhancesitelility of components.
They have the following advantages over BIT:

i) test cases are not stored in the component’'s code asdtliay do not

increase the size of the component,

i) the component user can use the information, deliveednatadata, to

generate dynamic test cases, and

iii) metadata may support the generation of test data.

A disadvantage of this approach is the implementatamsparency of the component,

which is the hiding of implementation details from toenponent user.

2.4.3 Component certification

A component user is always concerned about the queldyreliability of a component.
To increase the component user’s trust, components caertiged before their reuse
in CBS [76]. The following techniques have been ps®gal to certify components:

1. third-party certification,

2. developer certification, and

3. user certification.

Counsill [77] suggests that a component should be eettidy a third-party. In
third-party certification, an independent organmatiests the quality of the component

and provides the test results, along with the testremwvient, to the component user.
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Ma et al. [78] propose a framework for third-partyrtifieation that consists of
following three steps:

i)  The third-party provides guidelines to the componentetbper.

i)  The component provider generates a test package hsisg guidelines.

iii)  The third-party executes the test package and predutsst report.
An evaluation of this framework revealed some errarsai component, which
demonstrates its usefulness. An advantage of third-pamyfication is that it is
conducted by a neutral organisation, and hencecthéts are not biased.

The certification of a component through a thirdtpanay be costly and small
organisations may not be able to afford it. Morrislef28] propose that the component
developer should perform component certification iteorto avoid the cost associated
with third-party certification. In this approach etitomponent developer attaches test
cases along with their results (as a proof of their @@t) to the component. An
advantage of this approach is that the component asedaetermine, by examining the
test cases, how thoroughly (adequately) the componewtlaper has tested the
component.

The test cases executed during developer certifitatie context-independent
and test results may be biased as it is conducted byoth@onent developer. To
address this issue, Voas [79] proposes that the componanshmad certify the
component using black-box testing, in which test casegemerated from the interface
specifications of the component. The component user s&fawlt-injection techniques
in which faults are generated instead of testing émeponent with the correct inputs, to
determine the reliability of the component. Advantaggthis approach are:

i) The component user defines test requirements and thusothgonent is

certified using context-dependent test oracles.

i) The test cases context-dependent
A disadvantage of this approach is that it does notezddthe third problem (Section
1.4) whereas the framework that we propose includespproach for determining and

extending the adequacy of testing at the time of compbreuse.
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244 Testablearchitecture

In the testable architecture approach, the compasergloper equips the component
with an architecture that allows the component usexecute test cases.

Gao et al. [80] introduce testable beans to incressability of a component. In
this approach, the component developer implements tmfaoe for testing (test
interface) and codes test cases in the form of cliehis tdstable beans are components
that are:

i) Deployable and executable.

i) Traceable to allow the user to monitor and track tehaviour.

lif) Testable by implementing test interfaces to accessdékiitest capabilities.

iv) Usable with testing tools, i.e., they can intera¢hwiese tools.

An advantage of this approach is that the test casest@ed in clients and they are not
part of the testable bean. However, the componerglaiger has to do much work to
maintain the testable beans.

Jabeen and Rehman [81] propose a framework for testinect-oriented
components, in which the component developer, the coemtauser and a third-party
communicate test information using descriptors. Theseigassr contain requirements
of the component. The component developer preparesmgpanent descriptor and
attaches it to the component. The component user gggecdmponent’s requirement in
another descriptor, the component requirement geescriThe third-party generates test
information using the information in the component desor and the component
requirement descriptor. Advantages of this approach are

I) It allows everyone (the component developer, the compouser and the

third-party) to participate in CB testing.

i) It ensures that the component developer has provigeiitictionality that is

required by the component user.

Testable architecture approaches do not increase zkeosithe component
because the additional information is provided in tlem of component’s
specifications and not within the component. Howew@milar to the metadata

approach, they affect the implementation transparefttye component.
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245 Discussion

A comparison of the approaches discussed in Section &B4Hown in Figure 1.

Approach v' Pros X Cons
Built-in testing 1. Increase testability 1. Increase component size
2. Static test cases
Component metadata 1. Increase testability 1. Affect Implementation transparency
2. Dynamic test cases
3. Noincrease in component size
4. Generate test data
Testable architecture 1. Increase testability 1. Affect Implementation transparency
2. Noincrease in component size
Third-party certification 1. Impartial testing 1. May be too costly for small
organisations to afford
Developer certification 1. Test cases are available to 1. Context-independent testing
user to re-execute 2. Testing is biased by the component
developer
User certification 1. Context-dependent testing 1. No test adequacy criteria for
component reuse

Figure 2: Comparison of CB testing approaches

Test adequacy of the components, whose design ancsmgde are not

available to the component user, is an issue because:

1) The component user cannot apply traditional test aBoechniques such
as coverage of models or source code.

i) The component developer can use traditional CDCThigaks to certify the
component. However, the test cases executed to diifyjomponent are
independent of the usage context of the componemted®er, the testing
can be biased.

We will use the component metadata that is used duewegloper certification to

address the test adequacy of the component whereiised in a new context.
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3 Work Done: Generating unit test cases using model-
driven architecture

In the work to date, we have proposed a model-drimethod to generate test cases
from UML diagrams [82]. As a case study we chose thergdoe of test cases for
xUnit family members from sequence diagrams [31] that desclynamic interactions
among the components of a system.

xUnit [83] is a family of unit-testing frameworks used write and run
repeatable tests for software applications. Developees these frameworks for
developing and executing unit test cases, and foessgn testing. Amongst the most
popular family members of xUnit are JUnit [6] and SUB#4], which are unit testing
frameworks for testing Java and Smalltalk applicatiespectively.

The MDA-based method requires models, meta-models, tramesion
specifications and model transformation tools (MTT). Medee the basic artifacts that
are manipulated for automating software developmenmtiies. The meta-models are
the definitions of these models and they are used by KbTinterpret the models.
Transformation specifications are the rules that spebd model transformations. The
model transformation tools execute the transformatitesron the models to carry out
their transformations. Model transformations can be baota transformations or
vertical transformations. A horizontal transformatios one that maintains the
abstraction level, e.g., a transformation from a Pilatfindependent Model (PIM) to
another PIM. A vertical transformation is one thatraes the abstraction level, e.g., a
transformation from a PIM to a Platform Specific Mo(eEM).

An overview of the approach is shown in Figure 3. §baeration of test cases
is performed in two steps. In the first step, a UML seme diagram is translated into a
testing model using a horizontal transformation. Insbeond step, the testing model is
converted into a concrete and executable test casg asvertical transformation. We
have two versions of the implementation (for JUnit a8tnit). The JUnit

implementation is discussed in this section.

Model-Driven Framework for Context-Dependent Testing of Components 22



UML Model Horizontal Transformation .
(Sequence Diagram) | (UML to xUnit) ) xUnit Model
Platform Independent Model | OR |
Vertical Vertical
Transformation Transformation
(xUnit to JUnit) (xUnit to SUnit)
JUnit SUnit
Test Case Test Case
Platform Specific Model

Figure 3: Overall Process

We test a system using sequence diagrams at two leveléirsihie to generate
test cases from a sequence of method calls that are delgctihe tester from the
sequence diagram. Typically, the selected method calignate from a particular
lifeline in the sequence diagram and they appear dsoch@vocations in the generated
test case. Note that method invocations that origifrat® subsequent lifelines are
invoked indirectly by the selected method calls. T tkat this happens as specified in
the sequence diagram, we capture method executiestdaring the execution of test
cases to have a second check on the behaviour.

Test results are checked by comparing expected andl aeturn values of the
selected method calls, and by comparing the executimes with the method calls in
the sequence diagram.

When this method was proposed and implemented, ojectole was to
generate unit test cases using sequence diagrams. drkened picked messages that
originate from a particular lifeline to observe thehaviour originating from the lifeline.
However, to use this method for CDCT, we can selextiththod calls that are directed
to the component (the lifeline that represents the oot in the sequence diagram),
i.e., instead of selecting outgoing method calls, aeu$ on incoming calls to the

component.

3.1 Generating Test Casesusing MDA

The model-driven approach that we use for generatimgtest cases consists of two

steps. The first step is the creation of a test casehwhigeneric to all xUnit family
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members and the second step is the transformation of tierigdest case into a
concrete one, specific to a particular xUnit familymber, e.g. a JUnit test case. In the
first step, we model a sequence diagram as a sequenc¢hofdsiealls (SMC) which is
then automatically transformed into an xUnit model Ipplging model-to-model
transformations using Tefkat [85]. In the second stemitJidst cases are generated
from the xUnit model by applying model-to-text transfations using MOFScript [86].

This process is shown in Figure 4.

4

Model to Text
Transformation

Model to Model
Transformation

Specifications Specifications

horizontal ;
vertical
SMC n transformation rules xUnit n transformation rules Test Datan
Meta-model / Meta-model
source metamodel{ target metamodel source metamodel data
\ /

MOFScript m
Model to Text |€&~———————— Code Header

Transformation
Tool

Tefkat
Model to Model
Transformation
Tool

- - \
source model target model n source model test case
SMC Model \ xUnit Model _— 1]
Test Case

Figure 4: Overview of Methodology

Instance of

Instance of

Artifacts 1 and 2 in Figure 4 are the meta-modelafsequence of method calls
and xUnit respectively, discussed in Sections 3.1.3 &ahd!l. Artifacts 3 and 4 are
transformation rules, discussed in Sections 3.1.1 and. ftifacts 5 and 6 are the two
MDA tools that we use in our methodology to executegizbotal and vertical
transformation specifications (Figure 3). Artifact 7 tise source model of the
application from which we generate test cases. AttBas the xUnit model which is an
intermediate output. Tefkat executes horizontal (mtmk@hodel) transformations on
the source model (7) to generate this xUnit modelAB)fact 9 is the test data for the
SMC model which specifies parameter values and expeetadh values of method
calls in the sequence diagram. By changing the cantdnthe test data file, different
test cases can be generated for the same sequenaerdidgtifact 10 is a simple text
file containing code which is copied to the toplué file containing the test case. It can

be used to define packages, import classes, etc. whichezded for compiling and
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executing the generated test cases. Artifact 11 iBrthleoutput which is a concrete and
executable unit test case produced by MOFScript. MOpSeads the test data (9) and
code header (10) while executing the vertical (maoeéxt) transformations (4) on the
xUnit model (8) to generate the unit test case (11).

These artifacts are generic at different levels. fésts 1, 2 and 3 are
independent of platform, application and sequencegraims. Artifact 4 is specific to a
platform but independent of application and sequetiagram. None of these artifacts
(1, 2, 3 and 4) need to be modified when testingedkfit applications on the same
platform. To test an application from a sequence dmgthe tester must provide the
SMC model (7), test data (9) and the code headerfii@ONote that by altering the test
data file, the same testing scenario can be executbdlifferent test data.

We have implemented this methodology in a model-drteeh named MTCG
(Model-driven Test Case Generator). MTCG is implementisthg Tefkat and
MOFScript and targets JUnit and SUnit.

311 Step 1 Transforming SMC into xUnit

We transform the SMC model into an xUnit model by udietkat transformation rules
(Artefact 3 in Figure 4). As an example, the ruld=igure 5 creates a test case in the
xUnit model for every SMC in the model. The test casgiven the same name as the

SMC. All the Tefkat rules that are used in the tramsédion are available online [87].

RULE SMC 2 TestCase ( smc, testCase )

FORALL =M smc
MAKE TestCase testCase
SET testCase name = smec.hame |

Figure5: An Example Tefkat Rule
312 Step 2: Generating JUnit from xUnit

MOFScript transformation rules are used to generdtat lest cases from the xUnit
model. Two example MOFScript transformation rules aesemted in Figure 6. The

rule model.TestSuite::maiis the entry-point rule where the transformation starhe

expression self.name the name of the object on which the rule is beixecuted, i.e.
the name of the test suite in this case. The forBamfword iterates over the collection
of test cases in the test suite and invokes the rule niedéCase::mapTestCase
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process them. This rule creates a JUnit specific testazab@nvokes other rules (that
are not discussed in detail) to complete the bodyeotekt case.

nodel . Test Suite:: mai n( ){
printf(*public class Test_"+ sel f .name+“extends TestCase {\n”)
sel f .testCase-> forEach (tc:model.TestCase) {
tc.mapTestCase( )

}
printf( “} // End of Test Suite”)
nodel . Test Case: : mapTest Case( ) {
printf(“ \n\r\t public void Test_” + sel f.name +“(){")

b'r'intf(“ \n\n\t } //End of Test Case”)

Figure 6: Example MOFScript Rules
We have implemented MOFScript transformation ruleggferating JUnit and SUnit
test cases, from the xUnit model. All these rules ardaiblaionline [87].
313 SMC Meta-mode

As our focus was to investigate the use of models fanaating software testing, we

confined our implementation to a meta-model_of sequentesethod calls(SMC),

ignoring more complex aspects of sequence diagrams [88Jasuconnectors, message-
occurrence-specifications, message-ends and message-events.

Our meta-model for sequences of method calls is showigure 7. It consists
of interactions, messages, classes, parameters, expectesl aatl literal strings. In this

model, NamedElemenepresents a hamed value and LiteralStrigygresents a string

value. An_Interactiomepresents part of a sequence diagram._The Messagesned in
the interaction are a subset of the method callseotdiyuence diagram selected by the

tester. The messages can have Paramatersin optional ExpectedValuethem. The

parameters and the expected value are of type Sediler'\dr ComplexValue The

Scalar Valuesire atomic data values that do not contain any ali@r values. Instances
of ScalarValuesn Java are integer, float, String, etc. The Coxigéduesare the values

that contain other values, i.e., they act as datactsires. The examples of

ComplexValuesin Java are all classes except Strings. Moreoveryewerssage is

associated with an OwnerClagbat owns the methods being called), which is a class
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that receives the message. The owner class has parametégsctmstructors that are
required to create an instance of the class in thergtd test case.

Named Element

Literal String

< >+ OwnerClass

DataValue

ExpectedValue

Scalar Value

Figure7: SMC Meta-model
3.1.4 xUnit Meta-model

The meta-model for xUnit test cases is shown in Figutda8meta-model for xUnit
was available, so we derived it by studying the aechiire of test cases written in
different unit testing frameworks such as JUnit and SUmithis model, the Test Suite
acts as a container for Test G@3eA test case can have Assertiong. An assertion is

a condition that should hold true after executing st case. An assertion can be of
different types which are specified by its attributpet e.g. the JUnit framework has
Equal Not Equal Same Not Same True and_Falsessertions. For testing of sequence

diagrams, an assertion has a method call and an expedted The method call is the
code to be tested.

After executing a test case, the unit testing frameworkpares the actual value
(the value returned after executing the code) with expected value to decide on the
success or failure of the test case. As an example, thiésJBgualassertion compares
the actual value and the expected value. If bothegare equal, the assertion holds.
Conversely, the Not Equalssertion holds if the values are not equal. Moredaher
method can have parameters that are either scal@asvalilcomplex values as discussed
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in the meta-model of SMC. The elements MessdgenerClass ComplexValue

ScalarValueand DataValuare the same as in the SMC meta-model.

Named Element

Test Suite

Q

*

Assertion L ExpectedValue I—(>| DataValue |
type: String [
A

*

OwnerClass <>

Figure 8: xUnit Meta-model
3.2 Tracing

During the execution of test cases, we monitor the ndetihvamcation chain by means of
the Daikon [89] tracing tool. We compare the obsgmwethod execution chain with the
expected method execution chain in the sequenceadmadCurrently, we compare the

traces manually, but this activity can be automateterfuture.

3.3 An Exampleof Test Case Generation

MTCG has been implemented under Eclipse 3.1 [90]. & been validated on an
Automatic Teller Machine (ATM) simulation system [91]n ATM allows its users to
perform basic banking operations like withdrawal, agfy transfer and checking their
balance, without having to go to a bank. In an ATiNe user inserts an ATM card,
enters a PIN (a personal identification number), selactransaction to be performed
and provides input needed for the transaction, empuat and account in case of
withdrawal. In response to the user’s actions, the ABdds the card, reads and
validates the PIN, processes the transaction, dispensegpudashthe receipt and ejects
the card at the end of the session.

To test the ATM system, test cases were generated (usi@GYl from the

following sequence diagrams: withdrawal, deposit, temahd balance inquiry. These
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sequence diagrams are derived from the informationalailwith the ATM system
[91]. For instance, the withdrawal sequence diagrarwsho Figure 9 was based on a

high-level collaboration diagram.

3.3.1 An Example Sequence Diagram

Figure 9 shows the sequence diagram for the withdrapetation. The details like
validation of the PIN and interaction with the baarke omitted to simplify the example.
The sequence diagram consists of the following classesclabg Sessiorepresents a
particular session, i.e. the operations that the tedonmns between inserting a card and
the card being ejected. The Simulatwass is used to represent interaction between the
ATM system and the devices attached to it, which lagecard reader, cash dispenser,
and customer console. The class ATépresents a particular ATM terminal. The class
Transactionis a base class that instantiates all the transactioescl@bs Withdrawal
represents a withdrawal operation, which is instaediathen the user opts to withdraw
an amount. The CardReaddass reads the ATM card and ejects it at the erttieof

session. The CustomerConsglets input from the user like amount, PIN etc. Thescla

CashDispensalispenses cash as a result of a valid withdrawal seduen the user.

In this sequence diagram, the first three messages apemessages that are
required to create ATM, Session and Simulation objethe messages to the devices,
attached to the ATM system, are invoked on a Simulatigect. The Simulationbject
delegates these messages to the representation classeseofié¢iees. The message
readCard( )s invoked on CardReadebjects and returns an ATM card object. The card
object has an integer attribute. The message readPifd@ds the PIN from the

CustomerConsoldt takes a string parameter promptMess@bat is displayed on the

customer console) as a parameter and returns ti{emiered by the user) as an integer.
The method makeTransaction¢reates a Withdrawalbject when the customer selects

an amount. It takes ATM, session, card and PIN as pareneide method

performTransaction( feads the amount to withdraw and the account todvatk from.

It ensures that the amount is within the daily withdth limit and that the cash
dispenser has enough cash to satisfy the request. digmenses the cash.
To generate the test case, we select the messagesidgiate from the high-

level Sessionobject (that are represented with bold arrows iruf€ig9). They are
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transformed to method invocations in the generatedtiesti cases. The messages that

originate from other objects (that are representeth Wiin arrows in Figure 9) are

invoked indirectly and we use tracing to verify thexecution chain (which is discussed

in Section 3.3.6).
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Figure9: An Example Sequence Diagram
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332 SMC Modd

We create the input instance (SMC model) in the Belipditor [90], for the above
SMC (in Figure 9), which is shown in Figure 10. Thessage SETUP-is a setup
message that creates an ATbbject with id, name, place and address as its

constructor's parameters. Similarly the messages SETWRe SETUP-3create

Simulationand_Sessionbjects. Setup messages do not generate any methouh ¢hés

test case. They are a part of configuration and enmient setup. The rest of the
messages have parameters and return values.

To keep the creation of the test data file simple,deBne the sub-structure
(attributes) of objects only once. Therefore, whewlaject that is not a simple data type
Is used in a message as an owner class or a parameter fostttime, its sub-structure

is specified along with the types of its elements @iy float or objects The reason for

this is that MTCG generates code for the object tist fime it encounters the object
and stores it in a hash table. Later when this oligetferred to in a message call, its
sub-structure does not need to be specified. For examdégure 10, when the object
ATM is used for the first time in the message SETUP-Ii{s)jd, place, name and
address are specified as the constructor’'s parametenshButthis object is passed as a

parameter in the method makeTransactigri{s) sub-structure is not specified again.

Whenever a reference is made to this object during odetfivocation, the variable
stored in the hash table is retrieved. However, foexpected value, the sub-structure is

specified each time, as a new object needs to be dwitedifferent data values in it.

3.3.3 xUnit Modd

Tefkat applies the specified transformations to geaeaatoutput instance, in the form
of an xUnit model, from the input instance. The ouipstance for the input instance in
Figure 10 is shown in Figure 11. In the xUnit mo@etest casés generated for each
SMC. For each messagethe sequence diagram, an asserdiot a metho@within the

assertion) are generated. For each parameter_in a mdgsape source model), a
parameter is created in the methodthe target model). Similarly for the return valu

and owner clasgwhich is used to represent the class that the methlothgdseto),
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corresponding elements in the target are createdobjeets SETUP-1SETUP-2and
SETUP-3are created just for setting up the environment weddo not generate

assertions for these objects in the generated test case.

Pl sequence.diagram. X = O m =0
L Resource Set |L;, Resource Set
Bl platform: fresourcefinstancesfuml. sequence_diagram =4 platForm: fresource finskances Unit L xunit
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s Message SETUP_L -4 Assertion SETUP_L
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Figure 10: SMC Model Figure 11: xUnit Model

3.34 Test DataFile

The Test Datdile that has the parameters and return values foexbeple in Figure 10 is
shown in Figure 12. It has data for the calls to SE-T)PreadCard(and_readPIN(pnly.

The reason is that the parameters for other methosl (eat]. the parameters atsession

cardand_pinof the method makeTransactiaare created by previous methods.

The values for id, place, name, card number and whichh are 41, Gorden

College, National Bank, 1 and 42 respectively) iguFé 12 are provided by the tester.
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<Sequence_Diagram name="ithdrawal">
<Message name="SETUP _1"=
<Chwner_Class name="atm">
<Constructor_Parameter name="id" value="41">
<Constructor_Parameter name="place" value="Gardon Callege"/=
<Constructor_Parameter name="name" value="National Bank'/>
<Caonstructar_Parameter name="address" value="null'/>
</Owner_Class>
</Messages
=Message name="readCard">
<Expected “alue name="Card" value="">
<Simple_Attribute name="number" value="1">
</Expected_Value=
=Owrner_Class name="Simulation"/>
</Message>
<Message name="readPIM"=
<Parameter name="prompthessage" value="Please enter PIN."/=
<Expected_“Walue name="pin" value="42">
=Owner_Class name="Simulation"/>
</Messagex
</Sequence_Diagram=

Figure 12: Test Data File

3.3.5 JUnit Test Case

The JUnit test case generated by MOFScript is shoviagure 13. Lines 1-8 are copied
by MOFScript from the_Code Headdite. The remaining lines are generated by
MOFScript rules. Lines 12-16 create a JUnit test suitee 17 contains the test method
for the sequence of calls identified. Lines 20-23 tereariables that are used as the
constructor’'s parameters for the ATM object afrhe data values for these variables, i.e.

41, “Gordon College”and “National Bank™and null are read from the Test Ddfie

(Figure 12). The types of these variables (i.e. $tting InetAddresy are read from the

xUnit model and originally come from the input modelridg the UML to xUnit
transformation. Lines 20-25 are the code generateithdomethod SETUP-1( As this is

a setup message, it creates an ATM object for laterTingeattribute values of the ATM
object are read from the Test Ddile. Lines 26-27 show the code generated for the
methods _SETUP-2( and SETUP-3(_ )respectively. They generate Simulatiamd
Sessionobjects that use the previously created ATM objecttresr constructor’s
parameter. Lines 29-34 show the code generated ércdl to_readCard(. )As this
method returns a Carmbject, an_expectedCanbject is generated by reading the card

number from the Test Dafie.

Model-Driven Framework for Context-Dependent Testing of Components 33



i package com.rnd;
2
3 import atm.*;
4 import atm.physical.*;
E import atm.transaction.®;
6 import banking.*;
7 import simulation.®;
g import junit.framewaork.*;
l
i0 public class Test_Withdrawal extends TestCasze {
11
iz public static void main{ String args[1 ) {
i3 TestSuite testSuite = new TestSuite{ Test_Withdrawal.class )}
14 testSuite.run{ new TestResult{ ) J);
15 ¥
16
17 public void test_Withdrawal{ ) {
18
19 try {
20 int id = 41;
21 String name = "Gorden College";
22 String place = "National Bank";
23 Inetaddress address = null;
24
2g ATM atm = new ATM ( id, name, place, address };
26 Simulation simulation = new Simulation { atm };
27 Session session = new Session { atm );
28
29 /f Code for method readCard( )
30 Card expectedCard = new Card();
31 int number = 1;
32 expectedCard.sethumber( number };
33 Card card = {Card) simulation.readCard{};
324 assertTruel expectedCard.equals{ card ) );
35
36 /7 Code for method readPIR()
37 String parameterStringl = "Please enter PIN.";
38 int expectedPIN = 42;
3a int pin = simulation.readPIN parameterStringl J;
40 assertTrue{ expectedPIN == pin );
41
42 /f Code for method make Transaction( )
43 Withdrawal expectedWithdrawal = new Withdrawal {atm, session, card, pin);
44 Withdrawal withdrawal = {Withdrawal) Transaction.makeTransaction{atm,session,card, pin);
45 assertTrue{ expectedWithdrawal.equals{ withdrawal } };
46
47 /f Code for method perform Transastion( )
48 withdrawal.performTransaction();
49
S0 /¢ Code for method gjectfard( )
51 simulation.ejectCard{);
52
53 ¥ catch { Exception exp ) {
S4 System.out.printin exp.toString() );
1 fail{"Exception");
56 ¥
57
g3 ¥ //Bnd of Method test_Withdrawal
5/l

60 } //End of Test Case Test_Withdrawal

Figure 13: JUnit Test Case
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Lines 36-40 show the code generated for the caleaolPIN( ) This method
returns_pinas an integer value. A variable expectedRINenerated whose value is read
from the Test Datdfile. Lines 42-46 show the code generated for thehaouket
makeTransaction()As it returns a Withdrawaibject, an expectedWithdrawalbject is

created. Lines 47-48 show the code generated farathéo performTransaction(gnd
lines 50-51 show the code generated for the call j¢ot@ard( ) Assertions are

generated in lines 34, 40 and 45 for the methods¢atn a value in order to compare

them with the expected values.

The assertions in lines 34 and 45 use_the equalsif)od, which is supplied by
the tester, to compare the expected and the acttwahrealue of a method. The
equals()method is used for comparison of non-scalar valuesuaed-defined types.
For the comparison of scalar values, the “= =" operaoused for comparison, as

shown in line 40.

3.36 Traces

While executing test cases, we capture their traceg ke Daikon tracing tool [89].

The trace captured during execution of the test ikcaBegure 13 is shown in Figure 14.
The method invocations with grey background are thwesteare not included in the test
case but that are invoked by the methods that aredcallthe test case. This allows us

to check that the classes interact as specified in theesee diagram for this test case.

Simulation.readCard: :ENTER
CardReader.readCard:ENTER
CardReader.readCard:EXIT
Simulation.readCard: :EXIT

Simulation.readPIMN:ENTER
CustomerConsole readPINENTER
CustomerConsole. readP IR EXIT
Simulation.readPIN:EXIT

Trans action.makeTransaction: EMNTER
Simulation.readienu Choice::ENTER
CustomerConsole readbenuChoice:: ENTER
CustomerConsole readienuChoice: EXIT
Simulation.readMenuChoice: EXIT

Trans action.makeTransaction: EXIT

Figure 14: Execution Trace
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3.4 Discussion

This method is model-driven, and uses model transformagicimnology. This is an
advance over existing model-based testing approachedammt take advantage of the
emerging MDA technology. The overall process (Fiddires quite general in that it can
be applied to different UML diagrams such use casesjeseg diagrams or state
machines.

The genericity of our method is extended by targetidgit testing frameworks
and incorporating an intermediate phase which geserist cases in a platform-
independent xUnit format. Thus, potentially, the metltan be used to generate test
cases in any of the xUnit family by varying the bamk€Artifact 4 in Figure 4). This
demonstrates the versatility and utility of the MDA ag@eh to software development
and tool construction. It also distinguishes our toohfrother tools, which typically
generate test cases for one particular platform [Bp, 5

Most of the vertical transformation rules (xUnit to r8Jand xUnit to JUnit)
have similar logical structure that makes them reusabley differ only in the text that
is embedded in them, e.g. for SmallTalk the statememiniator is a dot (.) whereas in
Java it is a semi-colon (;). The similarity of the lagistructure of three example rules,
mapAssertion, mapExpectedValue and mapMethod is illudtiaté&igure 16. For the
rules having similar structure, the implementer only setd copy and change the
language-specific syntax in these rules. Figure 15 shbe reusability in terms of non-
commented lines of code that are the same. This reugabibbtained at minimal cost
due to the intermediate xUnit model. The structuralpmapbetween SMC and xUnit is
addressed during the horizontal transformations, lgathe vertical transformations

linear and almost identical except for language-sipesyintax.

Rule Structure _ _ Lin_es of _Code
xUnit-SUnit | xUnit-JUnit | Same | Reuse-%

main Different 27 25 17 63
mapTestCase Different 13 20 11 55
mapAssertion Same 48 47 44 92
mapMessage Same 32 28 25 78
mapOwnerClass Same 8 8 8 100
mapParameter Same 58 56 51 88
mapConstructorParameter| Same 54 52 48 89
mapExpectedValue Same 36 34 30 83
mapComplexAttribute Same 28 28 26 93
mapSimpleAttribute Same 26 25 22 85

Total 330 323 282 85

Figure 15: Code Reusability Matrix
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The SMC meta-model, the xUnit meta-model and the hotadransformation
are created only once and do not change for difftguiatforms, systems and sequence
diagrams. The developer needs to provide verticalstbamations for each new
platform. The tester needs to provide the SMC model et data file and the code
header to generate test cases using this tool.

The MTCG is only a prototype. The limitations and #theygestions for its
improvement are as follows:

i) As our focus was to investigate the use of models fanaating software

testing, we devised our own meta-model for SMC instéasiog the UML
2.0 meta-model of sequence diagrams that is very complex.

i) Each SMC model is created manually using the Eclipderedihe creation
of SMC models could be automated by reading sequeraggagns from
their graphical representations.

lii) The comparison of the actual trace with the sequemagrain is done
manually but it can also be automated.

We shall use MTCG as a part of our model-driven framkviar CDCT. In this
framework, we shall devise test cases from the compoisageunodel, and transform
these test cases into concrete and executable test sapMICG.

For performing CDCT, tracing may not be possible f@ tbomponents whose
source code is not available. Moreover, to select SKC generating test cases using
MTCG, we shall pick the method calls that end with ttemponent interaction
(component interface methods), in contrast to the ebanmp Figure 9 where we
selected the method calls that originated from a pdatidifeline.
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xUnit-SUnit :: Assertion

1. model.Assertion::mapAssertion( ) {

2 returnType = self.expectedValue.first().type.trim( )

3 returnVariable = “return_” + returnType

4 self. method->forEach( m:model.Method | m = self.method.first() ) {
5. methodName = m.name.trim()

6 assertionType = m.owner.assertionType // assert

7 isSetup = m.name.startsWith("SETUP_")

8 className = m.ownerClass.first().name

9. classInstance = m.ownerClass.first().name.firstToLower()
10. m.mapMethod()
11. self.expectedValue->forEach(e:model.ExpectedValue) {
12. e.mapExpectedValue( )
13.
14. if( isStatic ) classInstance = className
15. if( not isSetup ) {  // No method call for setup messages
16. text = "\ntit"
17. text = returnVariable + ":=" + returnType + “ new.”
18. text = returnVariable + ":= " + classInstance + methodName +
19 text = text + "\n\t\t" + assertionType +": ("
+ expectedVariable +" equals "+ returnVariable + ")."
20. }
21. outputFile.printin( text )
2. '}
23.}

xUnit-JUnit :: Assertion

1. model.Assertion::mapAssertion( ) {

2. returnType = self.expectedValue.first().type.trim( )

3 returnVariable = “return_" + returnType

4 self. method->forEach( m:model.Method | m = self.method.first() ) {
5. methodName = m.name.trim()

6. assertionTvoe = m.owner.assertionTvoe // assertTrue

7. isSetup = m.name.startsWith("SETUP_")

8 className = m.ownerClass.first().name

9. classInstance = m.ownerClass.first().name.firstToLower()
10. m.mapMethod()

11. self.expectedValue->forEach(e:model.ExpectedValue)
12. e.mapExpectedValue( )

13.

14, If( isStatic ) classInstance = className

15. If( not isSetup ) { // No method call for setup messages
16. text = "\ntit"

17 text = text + returnType + " "+ retuVariable+" = (" +

returnType +")" + classInstance + "." + methodName
18, text = text + "\n\t\t"+assertionType+"( "+
‘0 } expectedVariable+ ".equals( " + returnVariable + ") );"
20. outputFile.printin( text )
21 1}
22}

xUnit-SUnit :: Method
1) model.Method::mapMethod( ) {

2) key = self.ownerClass.first( ).name

3) if( not key.equals(") ) storedClasslnstance = variableMap.get( key )
4) if( storedClassInstance.equals(") ) {

5) if( isStatic == false) { // No method call for setup methods

6) text = "\n\tit"

7) text = text + classInstance + " :=" + className + " new."
8) 1

9) outputFile.printin( text )

10) variableMap.put(classInstance.trim(), classlnstance.trim( ) )
11) }else {

12) classinstance = storedClassInstance

13)

14)}

xUnit-JUnit :: Method

1. model.Method::mapMethod( ) {

2 key = self.ownerClass.first( ).name

3. if( not key.equals("") ) storedClassInstance = variableMap.get( key

4. if( storedClasslInstance.equals(") ) {

5 if( isStatic == false) { // No method call for setup methods

6 text = "\n\tit"

7 text=text + className+
className+ "();"

+ classinstance+" = new "+

8. 1

9. outputFile.printin( text )

10. variableMap.put(classInstance.trim(), classinstance.trim() )
11. }else {

12. classlnstance = storedClasslnstance

13.

14. }

xUnit-SUnit :: Expected Value

1. model.ExpectedValue::mapExpectedValue(scope ) {

2 attributeType = self.type

3 attributeName = self.name

4 text = "\n\tit"

5. text = text + attributeVariable + " :=" + attributeType + " new."
6. text = "\n\t\t” + text + attributeVariable + " := "

7. text = text + "\""

8 outputFile.printin( text )

9 // Following line reads test data and appends it to the test case.

10. java ("com.m2t.WriteData", "writeTestData", scope, "C:/xunit2text")
11. text="\""

12 text="."

13. outputFile.printin( text )

14.}

xUnit-JUnit :: Expected Value
1 model.ExpectedValue::mapExpectedValue( scope ) {

2 attributeType = self.type

3 attributeName = self.name

4 text = "\n\tit"

5 text = text + attributeType + " "+ attributeVariable + " ="

6 text = text + "\""

7 outputFile.printin( text )

8 // Following line reads test data and appends it to the test case.
9 java ("com.m2t.WriteData", "writeTestData", scope, "C:/xunit2text")
10 text="\""

11 text=";"

12 outputFile.printin( text )

13}

Figure 16: Rulesfor mapMethod, mapParameter and mapExpectedValue
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4 Research Plan

This section discusses the proposed framework, the camribwf the project, the

remaining tasks to be performed and gives timelinefize tasks.

4.1 Themode-driven framework for context-dependent testing of components
We propose a framework to test a component for a rewext, and to evaluate and
extend the adequacy of the testing. The proposed Wwarkeconsists of the following
steps.

i)  Modelling component usage scenarios and generatingasss for CDCT

i)  Evaluating and extending test adequacy of CDCT

i) Executing the tests to test the component for the oenext

i)  Modeling component usage scenarios and generating test casesfor CDCT
We shall model the component usage in the CB softwang asuse case chart (UCC)
which consists of use cases, scenarios and interactiauehag2?2].

UCCs specify relationships among use cases and scenaiaBscaissed in
Section 2.2. Use cases and scenarios are often writtealation without any explicitly
defined relationship. UCCs add mechanisms to expressoralaips among them, to
support automation of software development activit&sne advantages of using UCC
for software testing are:

i) UCCs contain interaction diagrams, that are assaciatth each scenario,
which can be used to i) generate test cases for CR/azeft and ii) shift
testing activities to an earlier part of CSD because interfaces of
components are available (or constructed) at an stadye of CSD.

i) Use cases and scenarios may have implicit dependenciexiomther that
can affect their behaviour. Therefore, use cases arhsgos should be run
in different orders, during testing, to expose theggeddencies. UCCs allow
us to determine these execution orders of use casesaraties, because of
their ability to define relationships between use casésscenarios.

We shall generate test cases from the interactiomaiiesy associated with each

scenario of the UCC, for performing CDCT. We shallegate test cases only for those
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use cases in which the component is used. Our test cases@guence of method calls
(SMC) of a certain scenario (functionality).

i)  Evaluating and extending test adequacy of CDCT

We determine the adequacy of CDCT, using develop#fication metadata (Section
2.4.3) [23]. We compare the test cases generatedd@TCvith the test cases that were
executed during developer certification, to deteartime adequacy of CDCT, which is
illustrated in Figure 17CDCT denotes the test cases that are devised for performing
CDCT, by the component us&T denotes the test cases that were executed to certify
the component, by the component develoB&CT N CT denotes the test cases that are
common toCDCT andCT.CT — CDCTdenotes the test cases that are presedT inut

not inCDCT. CDCT — CTdenotes the test cases that are prese€@D@T but not inCT.

Context-dependent component testing Component testing
(CDCT which is performed by component user) (CT which is performed by component developer)

Weakness in CT Potential weakness in CDCT testing
(component functionality used in (component functionality either not used in
CBS but not tested during CT) CBS, or used but not tested during CDCT)
Component acceptability
(component functionality used in CBS, and
already tested during component testing)

Figure 17: Adequacy of CDCT testing and component acceptability
TheCDCT is considered to be adequate if it contains all éise ¢ases that were

executed during component testing, i.€] — CDCT =@. However, CDCT is
potentially inadequate if some of the test cases in 1€That contained ItCDCT, i.e.,
CT — CDCT# @. There can be two reasons for this:

i)  The test cases iI8T — CDCTare related to component functionality that is

not used in the new context.
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i)  The test cases iIBT — CDCTare related to component functionality that is
used in the new context, but they were overlookedhieycomponent user
while devisingCDCT for CB testing.

In situation (i), CDCT is considered to be adequate. In situation @RCT is
considered to be inadequate.
The CT is considered to be adequate if all @2CT were already executed

during component testing, i.€DCT — CT =@. However, there is a weakness in CT if

some of theCDCT were not executed during component testing, CBCT— CT# @
The adequacy of CT shows that the component is acdepiabthe new context.
Conversely, the component may not be acceptable iis@iadequate. The discussion
about the test adequacy of CDCT and the componenteptability, for the new

context, is summarised in Figure 18.

Context-dependent component testing (CDCT)
Adequate CT-CDCT =@

Potentially inadequate CT-CDCT£@
Component testing (CT)

Adequate CDCT-CT =02
Inadequate CDCT-CT# @
Figure 18: Adequacy of CDCT and CT

If there is a potential inadequacy@DCT (i.e. the second case in Figure 18), we
review the test cases @I — CDCT.The purpose of this review is to identify those test
cases that are present@i — CDCTand relate to component functionality that is used
in the new context. We add those test cas€30GT to extend its test adequacy. This
reduces the size T — CDCT

If CDCT — CTis non-empty, this raises a concern about the devé&oper
component testing. This means that no CT was done dorelevant scenarios, so we
need to be extra careful and should do extra testirtgis area. As the test cases in
CDCT are generated from system-level use case scenadols, of these test cases
indicates an area of functionality of the componédiat tvas not tested in CT. In this
case, we expand these test cases (that are generatedDfOT) to target the
functionality of the component that was not testefdige

The implementation of the concepts presented in Fidlife requires a

comparison of test suites, and hence of test cases. Weoti@vare of established
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methods for doing this. Therefore, we shall deviseawn criteria to compare test
cases and test suites. Then we shall evaluate theseaaitd approaches to determine
which is the most suitable for our purposes.

Initially, we propose to compare test cases, expressedl&s,Jased on the
following criteria.

i) Same Sequence of Method Calls (SMOsyo test cases are considered the

same if and only if they contain the same method catlsarsame order.

i) Same Parameter ValueBno test cases are considered the same if and only

if they contain the same method calls in the same ondidgr the same
parameter values for those methods.

iii)  Same Equivalence Class of Parameter Vallieg test cases are considered

the same if and only if they contain the same methdd icathe same order,
and the parameter values for those methods belong tsathe equivalence
class [24]. These equivalence classes will be defingdetester.
A simple comparison of two test suites, in which eachdase of the first test suite is
compared with each test case of second the test suijebentbo expensive and not
scalable. We shall investigate other approachesmnkalve synthesis of state machines

from test sequences [92] and comparing the state magBBies

iii) Executingthetest casesto test the component for the new context

We then transform these test cases, devised for CDCTcontrete and executable test
cases using MTCG. Finally, we execute these concestechses and examine the
behaviour of the component for the new context. Wethds by checking the values
returned by interface methods (of the component)ateinvoked in the test cases.

For a component whose design and source code araldgailve can monitor
the sequence of methods called during execution use@aikon [89] tracing tool (as
discussed in Section 3.2). We compare these sequenoestiadd calls (SMC) against
the SMC specified in the sequence diagram (of thatasimgnto ensure the correct

sequence of method invocations in the CB software.

Model-Driven Framework for Context-Dependent Testing of Components 42



4.2 Contributions

The contributions of this research will be:
i) A novel model-driven framework for context-dependesting of components
i) A novel algorithm for generating test case sequenoes fise case charts
iii) A novel method for evaluating and extending test adeg of CDCT
iv) A novel criteria for comparing test cases and testsuite
v)  Prototype tool support for the framework

vi) Evaluation of the framework and tool support

i) A novel model-driven framework for context-dependent testing of components
The novelty of this framework is that it will appliie¢ emerging MDA technology to
CDCT. The proposed framework will benefit from the athages of an MDA-based
approach, such as portability, interoperability andintagability. Part of this
framework has already been implemented and was discusSedtion 3 [87].

i) A novel algorithm for generating test sequences from use case charts

As UCCs are relatively new, they have only been usednbdel synthesis and system
simulation purposes so far. They have not been explaréte context of automated
software testing. We shall use the ability of UCCs tiinderelations among use cases
and scenarios, to generate sequences of test cases thiehtast suites. These test
sequences are the different orders that the scenanosmcan.

iii) A novel method for evaluating and extending test adequacy of CDCT

The adequacy of CDCT will be determined by compativgtests generated from the
UCCs with the tests executed during developer catifin. We then analyse the test
cases, executed by the component developer duringoranp testing, to determine

any weaknesses of CDCT and to extend its adequacy.

iv) Criteriafor comparing test cases and test suites
Our method for evaluating and extending the adequaEcCDCT is based upon
comparison of two test suites, and there are a numbemay$ to do this. We shall

investigate these algorithms to determine the most apatene for our purposes.
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v) Prototypetool support for the framework

We shall develop a prototype tool for the proposathéwork. MTCG (a model-driven
tool for generating test cases), which is a part ofpiimeotype tool support, has been
implemented and was discussed in Section 3. We implementaltgorithms for

comparing test cases and test suites.

vi) Evaluation of the framework and tool support

We shall evaluate our framework on two case studiesshd# use one case study to
test the development of the framework and tool supfdr. other case study will be

used to evaluate the completed framework and its dopport. For this purpose, we

shall define evaluation criteria and collect datawbthe defect-detection rate and
coverage achieved during the execution of the geée@rtest cases. Finally, the data
collected will be analysed and the framework willreBned if necessary.

43 Tasks

The tasks required to complete the thesis are groupgetiass.
+ Development of the framework and its tool support
+ Evaluation of the framework and its tool support

+ Thesis Writing
Development of the framework and itstool support

Defining a case study for developing the framework @nodiotype tool support
Devising an algorithm for generating test sequences tis@rtase charts
Proposing and evaluating criteria for comparing tases and test suites

Providing prototype tool support for the proposednieavork

o bk 0D BE

Applying the framework (and its tool support) to tlese study to test the
development of the framework

Evaluation of the framework and itstool support

6. Defining a case study for evaluating the frameworktaedool support
7. Evaluating the framework and the tool support onctie study - evaluation
criteria will be defined, and the framework and tegpport will be evaluated

accordingly.
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8. Analysis of the data collected during evaluationétedmine the usefulness of the

proposed framework and the tool support
ThesisWriting
9. Parts of the thesis will be written up as the worlgpesses
44 Timeine

The proposed timeline for the tasks listed in SectiB@ngigiven below.

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

2009

Task
2007 2008 ’

© 00 N O OB~ W N P
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