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Abstract— 1In software testing, cause-effect graph assures
coverage criteria of 100% functional requirements with
minimum test case. The existing test case generation from cause-
effect graph implements the algorithmic approach. It has
disadvantages to modify the entire program if the input model is
different. In contrast, model transformation approach can
flexibly implement with even a different input models. In the
future, we need to study the method of automatic generation of
test cases from UML Diagram. It is possible to generate the test
case when mapping between cause-effect graph and UML
diagram. In this paper, as a first research step, we propose the
method to generate test cases from cause-effect graph based on
model transformation. To implement the proposed method, we
write the rules of model transformation with ATLAS
Transformation Language (ATL), and execute the rules in
development environment of Eclipse. The implemented tool of
the proposed method can be easily extended by rewriting with the
mapping rule between cause-effect graph and UML diagram. We
just define the relationship between each models to generate the
test case.

Keywords— Model Transformation; Cause-Effect Graph; Test
case Generation; Testing; Metamodel

L INTRODUCTION

Automatic testing is appearing as an important factor

| because it is able to fast design and execute test case than
© manual testing. In a part of test automation, the automatic
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generation of test case can simplify the test during the
repetitive development of the complex model, and can reuse
test case and execute test even who is not an expert. Therefore,
test automation and automatic generation of test cases has a
characteristic to save time and money of developers [l].
Because of these features, automatic generation of test cases in
software development was carried out many studies [2-5].

To automatically generate the test cases, the existing
methods develop test tool using program language. But, the

| tools written by a programming language is difficult to change
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it if the input model once determined. When it needs to change
the model to use testing tools, developers rewrite the program
code to need modification, and recompile it. Because of this
point, the traditional programming methods have limitations
when the number of models consists of a variety relationship
and the frequent changes.

The model transformation [6-7] is able to flexibly
implement when connecting to a different input model than the
existing method of program because the relationship between
the input model and the output of the model is a loose and open
to modification. But, to apply the techniques of model
transformation, we must have the element such as metamodel,
model transformation language (rule), and model
transformation engine essentially.

In software testing, cause-effect graph that maps a set of
causes to a set of effects assures coverage criteria of functional
requirements of 100% with minimum test case. Our final goal
is test case generation from UML diagram. But, the existing
tools for cause-effect are difficult to map UML diagram. As a
first research step, this paper proposes the method based on
model transformation for test case generation of cause-effect
graph. To implement the proposed method, we write the rules
of model transformation using ATLAS Transformation
Language (ATL) and execute the rules in development
environment of Eclipse.

The proposed method consists of three parts of cause-effect
graph, decision table, and test case. Also, the method uses two
rules of model transformation. First step translated by model
transformation engine to decision table from cause-effect,
Second step translated by the engine to test case from decision
table. And, we demonstrate the process of test case generation
of this method through a case study that is simple calculate
program for international post fee.

Our proposed method based on model transformation can
be easily extended by when write the mapping rule between
cause-effect graph and UML diagram because it uses the model
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of each step and defines the relationship between the models to
generate the test case.

The paper is organized as follows. Chapter 2 presents the
model transformation language such as ATL. Chapter 3
addresses the proposed method for test case generation based
on model transformation. Chapter 4 describes a case study
about automatic test case generation. Chapter 5 gives
conclusion and future works.

II. RELATED WORK

Ecore
P
&)
,_0“" Tcnnﬁ:rrns To
ATL
MetaModel-A MetaModel-B
conforms To
conforms To cenforms To
Model Ato B
e B R bt = Model-B
Transformation

Fig. 1. The overview of ATLAS Transformation Language (ATL)

ATLAS Transformation Language (ATL) developed by
ATLAS INRIA & LINA is tools for model transformation
between models [8-9]. The ATL currently managed by the
Eclipse Foundation, which is open source [10]. ATL consist of
rules. This rule defines how to get the model elements and
convert the target model. Figure 1 that is step of model
transformation through ATL show to convert the model to
Model-B from Model-A. ATL is based on the Ecore of Eclipse.
Ecore has been wrying to convert a model and a model for the
conversion information includes a metamodel, ATL model
according to the rules defined in the translation.

III. THE METHOD FOR AUTOMATIC TEST CASE
GENERATION BASED ON MODEL TRANSFORMATION

The proposed method for test case generation based on
model transformation consists of two steps showing figure 2.
First step (MT1) convert to decision table from cause-effect
graph, and second step (MT2) convert to test case from
decision table. In this process of the proposed method, the data
of input/output models represent XML Metadata Interchange
(XMD) [11].

Test case generation of our suggested model
transformation consists of two steps such that 1) transforms
from cause-effect graph to decision table, 2) also from decision
table to test case. Input and output data of model
transformation are executed with all XML metadata
Interchange [11].

| Motamodel > (ay [ Matamodsl - " Metamodel |
s + - —— ——-'?—-—-lu - = ?‘ -
~ Cause ¥ “Decision ¥ i N
Effect 1—» MT1 }—» Table i—) T2 §vprnd
_XMIFile . XMI File M

 Scitoedodet ol

Fig. 2. The steps of Model transformation
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At rule definition step of Model transformation, it defineg
all transformable elements of each model and relationship, ang
represents transformation rules with model transformation
language (ATL). ATL provides engine, language and test
editor for executing model transformation.

IV. CASESTUDY

We show to generate test cases from requirements of
international post mail fee calculating program at figure 3. This
requirements represent cause-effect graph. Through easily ATL,
plug-in[10], it executes with our defined metamodel  and
model transformation on Eclipse, and then generates test cases,

The calculate program for international post fee:

If you enter the country and the weight tells you the price.
Country Weight Price

US.A all weight $11US

Asia weight < 15kg $10US

Asia weight = 15kg $§12US

Europe all weight $15US

Fig. 3. The requirements specification of calculate program for international
post fee

To execute model transformation, we represent XMI from
modeling cause-effect graph based on requirements. Figure 4
shows cause-effect graph and XMI based on requirements.

(a) Cause-effect graph

1<yl versions“1.0" encoding="150-8859-1"2>

2 <cedmiCauseEffactiicdel xmiversions"2.0" »mlnsixmi="http://wwt.cmg.org/MHL"

3 wmlns:cedms"http:/fcedn/1.6™>

<cause name="U,S.A" ownedConnector="//Eccnnector.8"/>

<cause naze="Eurcpe” ownedConnectors”//Eccanector.1™/>

<cause name="Asia" cwnedConnectors"//Gconnector.2 //@connecter.4”™/>

<cause names"Less than 15Kg" ewnedConnectors™//@ccnnector.3"/>

<cause name="More than 15Kg" cwnedConnector="//@ccnnector,5"/>

<connector start="//@cause.8" end="//Geffect.d” name="U.5.A->$11"/>

16 <connector start="//ficause.1” end="//@effect.1" nape="Europe->$157/>

11 <connector starts"//@cause.2” end="//geffect.2” name="Asia->§18"/>

12 <connecter start="//Bcause.3" end="//@effect.2” name="Less than 15kg-»$10"/>
13 <connector starts"//@cause.2” end="//Geffect.3” name="Asia->3127/>

& <connector start="//@cause.4” ends"//feffect.3” name=“More than 15kg-»$12°/>
18 ceffect name="$11" ownedConnector="//@connecter.@” />

16 <effect name="$15" cwnedConnector="//gceanector.1” />

17 <effect name="$16" ownedConnector="//@connector.2 //Bconnector.3” eType="AKD"/>
5

w sl G b

15 <affect name="$11" cwnedConnectors"//§connector.4 //@connector.5” eTypes"AlD"/>
15 ¢/cedmiCauseEffectiiodel>

(b) Cause-effect’s XMI file

Fig. 4. The input data of cause-effect for model transformation
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We input XML file of the modeled cause-effect into model
transformation tool, then generate decision table like Figure 5.
After executing Model transformation, it generates XMI file of
figure 5(b). Figure 5(a) represents decision table to easy
understand it.

Eutope FlT
Hsin FIF|T|T |EF|lF|T]T
lows chan 13Kg FITIFIT
Nlore than 15K FlT|F T
Sit FiIT
5.3 FlT
L) ¥lF|¥F]T
s12 FIF|FIT

(a) Decision table

1<2ml versicn="1.0" encoding="IS0-8853-1"7>
7 <decision:DecisionTableticdel xmi:versions"2.0" smlng posd="http://waw.crg.org/XHI"
3 xmlns:decisficn="http://decision/1.0™>
L <testcaseSet id="@">
<cause>
<input name="U.5.A">
<in item_idw"F*/>
<in item_id="T"/>
</input>
</cause>
<gffect>
<output name="S11" eType="HORMAL™>
<out item id="F"/>
<out item_ide*T"/>
</cutput>
1g </effects
1 </testcaseSet>
13  <testcaseSet id="1">
<cause>
<input name="Europe™>
<in item_id="F"/>
<in item_id="T"/>

3 </inputy
24 </cause>
25 <effecty
28 <output names"$15" aType="HORMAL">

(b) Decision table’s XMI file

Fig. 5. The execution result of model transformation to decision table from
cause-effect graph

oM Pre-Condirion Test Conditicn | Expectation Resuit |
TCI (LS A=F NORMAIL Sll=F
TC2 U.S.A-T NORMAL SI11=T
TC3 Eurcpe=F NORMAL Bl5=F
TC4 Furcpe—T NORMAL SI5-T
TCS Asia—F, Loss flan 15Kg-F AND SI0-F
™we Asia—F, Less than 15SKg-T AND SID-F
TC7 | Asia=T, Less than 15Kg=F AND Si0=¥
TC8 | Asie=T. Less than 15Kg=1 AND Si0=1
TCO | Asie=F, More than | SKg=F AND $i2=F
TCI0 | Asie=F. More tkan 15Kg=T AND 512=F
TCI1 | Asia=T, ivlore than 13Ke-F AND S12-F
TC12 | Asia=T, Morc than 15Kg=T AND S12=T

(a) Test case

1<%} versions=T1.8" enceding="I150-8859-1"%>
Z<testcase:TestCasetodel xmi:versicne™2.8" xamlns:xmis™htTp://wow.ong.org/XoMI™
3 xmlns:testcase="http://testcase/1,6">

4 <testcaseline no="TCL"™>

5 ctestcase_pre tgstpre="U.S.A=F"/>

5 <testcase_con gegtogn="HORMAL™/>

7 <testcase_res testresult="$11=F"/>

a  «/$estcaseliped,

9 <testcaseline no="TC27>

ie <testcase_pre festpre="U.S.A=T"/>

11 <testcase_con testoon="NORMAL"/>

12 <testcase_res testreguli="311=T"/>

13 </testcaseline>

13 <testcaseline no="TC3"»

15 <testcase_pre testpre="turope=F"/>
16 <testcase_con tgstoon="HORMAL®/>
17 <testcase_res testresult="315=F"/>

15 </tesseaseline>

1% <testcaseline no="TCa™>

22 <testcase_pre testpre="Europe=T"/>

2L <testcase_con festcons"HORMAL™/>

22 <testcase_res festresylt="$15aT"/>

23 </gestcaseliney,

24 ctestcazeline no="TC5™>

5 <testcase_pre testpre="AsiasF,Lless than 1SKg=F"/>
25 <testcase_con testcon="AKD"/>

27 <testcasa res tertresuli="3i1@eF"/>

(b) Test case’s XMI file

Fig. 6. The execution result of model transformation to test case from
decision table

V. CONCLUSION

In software testing, cause-effect graph assures coverage
criteria of 100% functional requirements with minimum test
case. In this paper, as a first research step, we propose the
method to generate test cases from cause-effect graph based on
model transformation. To implement the proposed method, we
write the rules of model transformation with ATLAS
Transformation Language (ATL), and execute the rules in
development environment of Eclipse. The implemented tool of
the proposed method can be easily extended by rewriting with
the mapping rule between cause-effect graph and UML
diagram. We just define the relationship between each models
to generate the test case.
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