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Abstract

The software testing is one of the most criticadgghunder software development life
cycle. Model based software testing is acceptednbdystries and researchers as a
standard for developing the software design. UML i8. widely used to model the
functional requirements of the software under tedilL have various diagrams for
describing the different aspects of the softwargesy. In this thesis, we propose an
automated approach using XML files and priorityl¢éaio generate test scenarios from

the UML activity diagram.
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Chapter 1
I ntroduction

This chapter describes basic concepts relatedetsdftware testing, test cases, test
scenario, Unified Modeling Language (UML) diagraam&l method for generating the

test scenario.

1.1 Software Testing

The process of software testing is to analyzing gb#ware product to detect the
differences between the existing and required ¢immdi [1]. Testing is an important
phase of the software development life cycle aaghbn important role in assuring
the software quality. It consumes tentatively 40Pdhe total effort devoted in the
development of any software [2]. The effort fortiteg increases with the increase in

the size of software, which makes exhaustive tgstary time consuming [3].

Testing can be done before implementation and #saw@fter implementation of the
whole software project. Model based testing isqrened before the implementation,
and this reduces the investment of the effort ame tfor software. Model based

testing incorporates the usage of UML diagrams.

1.2 Typesof Testing

1.2.1 Black Box Testing

Black box testing is defined as an approach fotirigsthe software, where the
functionality of software application is tested. btack box testing we don't really

concern about the internal structure or workinghefsoftware application [4].

1.2.2 White Box Testing

White box testing is a method for testing the inédrstructure and working of the
software applicationFor performing the white box testing tester mustehaghe
knowledge of technology that has been used for mgakihe software application.

Here, the testing process involves various covecaitgrias [4].
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1.2.3 Unit Testing

In this method of software testing an individualdute of the software is tested. The
unit testing is basically performed by the prograemsrand not by the testers, because

it requires the detailed knowledge of internal pamg code and design [4].

1.2.4 Alpha Testing

Alpha testing is the method for testing the sofwatr development site by users or by
an independent test team. In this approach thelafeobserves the users and gives

a look at the problems [4].

1.2.5 Beta Testing

In beta testing the software application is acyugiven to the intended users for the
trial. The aim of beta testing is to uncover tteni or issue if any from users point of

view, which we don’t want in our released versidisaftware application [4].

1.3 Test Case

According to IEEE standard 160.12-1990 [5], a teste is a set of inputs, execution
conditions, and the expected outputs to check wvenethe software application
compliance with the required specification or nbhe objective of test case is to
uncover the error in the software product, imprtve software quality that further
reduce the software support and maintenanceeatostTest cases for a program for

checking the number is even or not are shown ileral.

Table 1.1 Example test cases in a program thakeshbe divisibility of number by two

Test case Execution condition Anticipated outpuit
(input)
4 Check Inputted number is Even
5 even or not Odc
3 Odc
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1.4 Test Scenario

Test scenario can be thought of as sequence ofsirethe software system, which

describes the overall behavior. Test scenario @arddrived from different UML

diagrams like use case, collaboration diagram, essopl diagram and activity

diagram. Each test scenario can be said to be dpeesentative of different

requirement goals of the software systefest scenario for an example activity

diagram shown in Figure 1.1 is depicted in the &dbP.

Check user id
and password

Invalid [ Invalid userid or

password

O

Valid

User verified
and connected

Figure 1.1 Activity diagram for user login modufd [

Table 1.2 Test scenari@sr.t an activity diagram given in Figure 1.1

©

Serial no. Test scenario
1 Start->Enter user id & password-> Check pin-> Invalgkuid or password
> Enter user id & password-> Check pin-> Useifigg and connected-> sto
2 Start-> Enter user id & password-> Check pin->Uagified and connected-

\Y4
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1.5 UML Diagrams

UML [7] is a standard way to represent the systemthie form of graphical
constructs, which makes easy to interpret the iffeaspects of the system. These
models can be directly transformed in any programgni@nguage to build the code.
UML can also be used for drafting the requiremeudctications for the domains
like banking, finance, internet, healthcaetc. UML diagram that can be used for

generating the test scenario are described below.

1.5.1 Sequence Diagram

Sequence diagram is a variant of interaction dragtaat is modeled to show how the
different processes for the system interaction.eHehe object interactions are
arranged on the basis of the time sequence. Ohjsed in the diagram should be
named, life line represents the time for which dbgcts are eligible to communicate

with each other [8]. An example of sequence diagsasmown in Figure 1.2.

:Computer :Client

Check email Send unsent J-

@ >

New email

Download email

< — — ——— — —— = =
Response -|-

»
| ot

Delete old mail

A 4

T T

Figure 1.2 Sequence diagram for e-mail messageeaeqy8]

1.5.2 Collaboration Diagram

Collaboration diagram is used to model the orgdimmaof different objects in
conjunction with the send and receive message mpssinstruct. Collaboration
diagram can be thought of as isomorphic to sequéiaggam, except the presence of

life lines. An example of collaboration diagrasnshown in Figure 1.3
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Intialization

|
:Customer
1 : Send order I
v
:Order
2: Confirm I
v
:Special order
!
End of process

> 3: Dispatch

Figure 1.3Collaboration diagram for an order management sy$é

1.5.3 Statechart Diagram

Statechart diagram is used to represent the dynaspect of the system under
development. Statechart diagram shows the diffes@ates of an object during its
whole lifetime and events that make the object hange their state. This makes
Statechart diagram more suitable for modeling reactystem, where working is

totally dependent on the external events [10]. Aaneple Statechart diagram is

shown in the Figure 1.4 below.

Initialization Normal exit
Oi{ Idle ]7{Send order reuuest]M)

Normal exit

D

Complete transaction

)

Select normal or
special order

\ >

e N

Order confirmation

\ J

Dis patch oder

~—_—

Figure 1.4 Statechart diagram for an order managegsystem
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1.5.4 Activity Diagram

Activity diagram is used as a graphical model foresent the dynamic behavior of a
software system. Activity diagram can depict segjaérioop, branch and concurrent
flow of execution in the system. An example foridtt diagram is shown in the
Figure 1.5 below [11]. The customer can order pobdising software application.
After placing an order for one item the system wilillect the user to the module
related to re-order item/s. If user is not intendedourchase more item/s then the
system will direct the customer to the billing mteWHere, the information about the
items and shipping information is collected. Attldse final bill will be generated.
The information gathering activities will execuiensltaneously. After collecting the
information, validation of bill information will belone. If information is not valid
then system activates the module to collect tHegiinformation. After completion
of the billing process the receipt is generatedtfer purchased item. After this the

order get assembled and finally shipped by theegyst

Order product

Not valid

Figure 1.5 Activity diagram for purchasing item4]1

1.6 XML

XML stand for extensible markup language, wherekmaianguage means language
consists of different tags. It defines set of rui@sencoding that are needed to be

followed while documentation. The XML code is humamwell as machine readable
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format. XML is greatly used as an intermediate espntation of the UML diagram.

The XML document is simple, useable, general ard @€ross the internet.

<url>
<loc>http://www.example.com/en</loc>
<xhtml:link

rel="alternate

hreflang="'gr"

href=""http://www.example.com/gr"" />
<xhtml:link

rel="alternate

hreflang="'en"

href="http://www.example.com/en" />
</url>
<url>
<loc>http://www.example.com/gr</loc>
<xhtml:link

rel="alternate

hreflang="'gr"

href="http://www.example.com/gr" />
<xhtml:link

rel="alternate

hreflang="'en"

href="http://www.example.com/en" />

</url>

Figure 1.6 Example of XML code [12]
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Chapter 2
Literature Survey

Test cases and test scenarios are an importafisicaftr testing the software system,
and it should be generated from the artifacts tikde or the UML model. UML has
been accepted as a standard by many software pagi@nis which is used to model
the functional requirement of a system. Model bassting is defined as the process
of generating the test cases and test scenarios 8L diagram. Model based
testing is significant as it locates the error/sthe design phase (beginning of the
development process) itself and prevents them fsmpagating to the later stages of
the software development life cycle. In this chaptesystematic review of the
research papers have been done to show varioustaeaiechniques for generating
the test cases and test scenarios from UML actdiggram. Table 2.1, summarize
various viable, open source and freely availabtdstdor test case and test scenario

generation (that use activity diagram).

2.1 Test Case Generation

This section presents the various findings (in fprpgesent in the research papers

related to generation of the test case from UMivagtdiagram.

2.1.1 Using Depth First Search

R.K. Swainet al. [13] proposed a method for generating the testscésen UML
Activity diagram in which, an activity flow graptAEG) was first derived from an
activity diagram. And DFS was used to generate tiw cases. Researchers
mentioned the combination of sequence diagram waithactivity diagram as the
future work in the direction proposed in [13]. Araenple activity diagram and its
corresponding activity flow graph have been showthe Figure 2.1 and Figure 2.2

respectively.
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( Insert Coin )e

( Select drink )

Calculate amount

Price

Amount =price

N . .
( Error message K ot enough ingredient

Enough ingredient

( Dispense drink )

Calculate balance

Return balance

Figure 2.1 Activity diagram for purchasing beverfiyg)

Start

O-0-000 1]

Lo
@G@@

End

Figure 2.2 Activity flow graph for purchasing beage activity diagram [13]
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X. Chenet al. [14] proposed a method that automatically genertsiscases from
UML activity diagram. Proposed approach constitutege sub-phases, where, the
classes of java program were mapped to the comespg activity nodes in the
activity diagram first and then, the code was unsiented. Finally, a data classifier
has been constructed. This data classifier usedfesdback, which helps in creation
of new test inputs for covering untouched paths fidsearchers used simple activity

path coverage criteria to generate the test saenari

C.A. Sunet al. [15] proposed a method for generating the testscéeen an UML
activity diagram for the concurrent application®rél activity diagram was firstly got
converted into an intermediate form called Binagteaded Tree (BET). DFS was
applied on BET to generate test scenarios. To eédhe test cases for each scenario
the category partition method has been used. Asuaef work, researches planned to
extend the approach by incorporating the transfaonaules. An example of a BET

is provided in the Figure 2.3 below.

O i
(:) N2
C) N3

Q N5 ON6

(:) N7 (:)Nll

iNs éNM
O O o
é NI12 é NI12

Figure 2.3 Binary extended AND_OR tree [15]

NI12

NI13

N14

N14

NI5

N16

o000 OO0

N17

W. Linzhanget al. [16] proposed a method to generate the test soém@mom UML

diagram activity diagram that used the basic paWerage criteria. For finding the
basic path from the activity diagram, a retrospeecDFS algorithm was used. After
generating the test scenarios, the grey box metlasdapplied to extract all the input

sequence/s, object method sequence/s and the setgpgnce/s.
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P. Boghdadyet al [17] proposed a method for generating test céises UML
activity diagram. Here, activity diagram was figsgot converted into an XML file,
which further generate an activity dependency tdBlBT). Using this ADT, an
Activity Dependency Graph (ADG) was generated. Teghs were then generated
with the help of ADG and ADT. The generated teghpavere validated using the
concept of cyclomatic complexity. Finally, the idalted test paths were used to
generate the final test cases. Snapshot of theoagprfor generating the test cases
(using ADG and ADT) is provided in Figure 2.4 below

Activity
diagram

Traceability
Matrix

Figure 2.4 Approach for generating test casesus@tADG and ADT [17]

P. Boghdadyet al [18] introduced the methodology for generating test cases
where, a XML file is first generated from an adyvidiagram, and an activity
dependence table (ADT) was generated from the XMking ADT researcher
generated the activity dependence graph (ADG). dJdapth first search on ADG all
basic paths were extracted. For validating the pesh cyclomatic complexity was
used that provided the lower bound related to tbent of generated tests for
satisfying the hybrid coverage criteria. At last test cases were generated using the
test path. Count of test cases was reduced aftéorpeng the validation check.
Figure 2.5 depicts the steps for generating thtecteses as given by the researchers in
[18].
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Generated
Test cases

Validation
Result

Activity
diagram

Figure 2.5 Steps for generating the test cases [18]

H. Kim et al. [19] introduced a method in which an activity diagramsviiast got
converted into an input output explicit activityagram (IOAD), which further got
converted into a directed graph. For generatingieéle case/s, the DFS was used on
the directed graph. Approach provided by the re$ems here suffered from a serious

drawback related to the path explosion.

Using condition-classification tree method, S. Kankeatet al. [20] proposed an
approach to generate the test case/s from an UMVitgaiagram. Here, the control
flow information related to the guard condition aheé decision point were gathered
to construct a condition-classification tree. Teases were generated using DFS on

the condition-classification tree structure.

2.1.2 Using Breath First Search

X. Fanet al. [21] provided a method using an activity diagranmposition tree
(ADCT). ADCT represents the hierarchy of differemttivity diagrams. Activity
diagram represented at the leaf level was congidasea sub activity of the main
activity diagram (at the level above it). For eadtivity diagram the test cases were
generated using the composition tree by using tofmoup approach. Where, the test

case for the sub-activities were created first &oltbwed by the parent activity
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diagram. An example composition tree for an agtidiagram has been shown in the
Figure 2.6 below. Researcher commented on the adggmprovement as future

scope for the proposed approach.

AD1 ADZO ........... ADn
00 00 0
ADI-1 ADI2 ADi-l ADi- ADn-

Figure 2.6 Composition tree for an activity diagrgt]

2.1.3 Using M odified Depth First Search

C. Mingsonget al. [22] proposed a technique for generating the tases for the
JAVA programs. Here, the generation of test casekides usage of the program

execution trace (PET) and coverage criteria.

R. Chandleret al. [23] proposed an approach that used an activiagrdm and

convert it into an XMl file format. DFS was appli¢al the XMI file to generate the
test scenarios. Approach presented by the researdiere, removed the path
explosion problem. Technique given by the reseaschas effective and efficient in

the usage based scenario.

B.N. Biswal et al. [24] proposed a method for generating the testai®@'s from an
activity diagram. Here, the DFS algorithm (in camgtion with sequence diagram and
class diagram) was used to achieve the test caspiady. To search for the setting
and interaction categories the category partitioethomd to analyze the sequence
diagram and class diagram. Approach proposed byabearchers was capable for
handling the complicated fork and join pairs etfily. Figure 2.7 given below

depicts the process for generating the test caseg an activity diagram.
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UML model
under test

Test f}dequnCy Generate
criteria ctivity diagram,

Traverse
activity diagram,

A

Select path

(HHHE-

Traverse
uncovered path \

Still unselected path exists />

Generate
scenario

Generate sequence and class
diagram for scenario

o

Analyze using
CPM

M

Identify the choices for
each category

Generate test
cases

Figure 2.7 Test case generation using an activagrdm [24]

2.1.4 Using Heuristic Approach

K.H. Changet al. [25] proposed a method for generating test cageshe JAVA
program. Researcher first randomly generated tiye laumber of test cases and then
compared it with Program Execution Trace (PET) atiog to the simple coverage
criteria then they produced the reduced numberest tases. PET derived by
instrumenting the code with test cases to get thees. The heuristic rule based
approach allows the frame work to include more tese generation knowledge and

test requirement.
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A.K. Jenaet al [26] proposed an approach for generating the tases from an
activity diagram, where an activity flow table asa activity flow graph were created
and DFS was applied to find out the test paths gederate test cases for
corresponding test paths. In last the genetic dlgorwas applied to optimize the test
cases. Figure 2.8 and 2.9 depicts the activityrdimgof ATM cash withdrawal and its
corresponding flow graph respectively.

ATM BANK

Insert card

|

\%lsion 1

Check amount
Enter amount balan

v

Join 1 Fork 1

Decision 2
(e
Undate amount
/

=

1

©;

Show balance

Eiect card

(i}

Figure 2.8 Activity diagram for ATM Machine [26]
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Invalid

Cancel

Sufficient

Figure 2.9 Flow graph for ATM machine activity diag [26]

2.1.5 Other Approaches

P.E. Pateét al.[27] compared the two algorithms that corresponthéogeneration of
the test case/s from UML activity diagram. Researshhad used the coverage

criterion called activity coverage criterion.

L. Li et al. [28] proposed a method to generate the test cases WML activity

diagram using extension theory (extenices). In #msactivity diagram was first
converted into an Euler circuit. After this an Butgrcuit algorithm was used for
finding the basic coverage criteria like transitioaverage and activity coverage.
Extenices theory reduced the number of test cagbewt affecting the fault detection

percentage.

S. Tiwari et al. [29] proposed an approach for generating the a&tbd test cases
using software fault tree analysis (SFTA). In tleisUML activity diagram was

transformed to a software success tree (SST). $8Mhefr got transformed into a
software fault tree (SFT), on which the MOCUS aidwon was applied to get the
minimum cut set. Figure 2.10 represents the smdpshthe approach proposed in
[29] for generating the test cases.
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CUML activity diagram)

v T'ransformation

CS oftware Success 'l‘ree)

MOCUS Algorithm Complement

A 4 A 4
C(;eneration of cut set ) C Software Fault Tree )

| Primary / Basic event

A A 4
C Truth Table ) (Quantitative analysis)

Effective test cases considering
normal behavior

Figure 2.10 Approach for generating test cases [29]

2.2 Test Scenario Generation
This part of the chapter presents the literatureesuon generating the test scenario/s

from UML activity diagram.

2.2.1 Using Depth First Search

H. Mohantyet al [30] used UML activity diagram for generating thestt scenarios
for the concurrent system, where activities argpespd to be of interleaved nature.

Priority based algorithm was used for generatimgtést case.

P. Nandeet al.[31] also proposed a method to generate the testasio from UML
activity diagram. The approach involved convertthg activity diagram into flow
chart first and then traversal of the flow charihgspath coverage criteria. To cover
all the path of the activity diagram DFS algoritiwvas applied.

P. Kauret al. [32] proposed an approach for prioritizing thet tesenarios. In this
approach an activity diagram was converted intooatrol flow graph. DFS was
applied to generate the test scenarios that sdkisfpasic path criteria. In this process
some redundant paths were generated, and to retmevedundant paths breath first
search was applied. After collecting all non redamidtest scenarios, priority was

assigned to each test scenario based on the patpleaty. Figure 2.11 and 2.12
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represents an activity diagram of shipping orded @s corresponding control flow

%

Receive Order

Check stock
Stock not
available Notify customer of
A out of order
Stock available

Min balance available
Min not balance

Order rejected Modify order available
Order accepted
vI vI
( Pack ) ( Notify )

Make payment
Y

Payment not recieved

graph respectively.

»( Cancel Order )

Payment recieved

| [
hld

Figure 2.11 Activity diagram for shipping order &s [32]

Figure 2.12 Flow graph for shipping order syste@] [3
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2.2.2 Using Heuristic Approach

D. Xu et al. [33] proposed a method to generate a test scefrario UML activity
diagram using an adaptive agent. The researchsened the proposed approach by

taking an example of a bacterium called Maxococtasthus.

2.3 Testing Tools

This section gives an overview related to the t@olailable for generating the test
scenario as well as test cases (tools mentionex drercategorized into commercial,

free and open source). Using these testing toolsamegenerate test cases and verify

the models.
Table 2.1 Testing Tools
S. No. Tool Name Description
1. BEACON for| « BA4Sis a product of Applied Dynamics International.

Simulink (B4S) [34] | « It efficiently generates safe code for low risk kgation as
well as for critical application.
* B4S can generate code and also do have the mogelingr as

well.
2. Safety Test Buildef - Safety test builder is a product of chaisTek.
[39] + Automatically generates the test cases for simulanid

Sateflow based implementation.
* Reliability of safety test builder helps to redsidhe testing

time
3. Simulink Design » By MathWorks.
Verifier [36] » Use formal method in model based design and estarction.

» Generate test case after analyzing the algorithchlagic in
simulink and stateflow model.

4, T-VEC [37] * Generate test cases and analyze the model comsisiig an
advance algorithm.

» Test cases are effective for both decision and ctatipnal
errors.

» Helps in analyzing the simulink model

5. J-Unit [38] « J-Unitis a framework used to write repeatablestest
e ltis a unit testing framework.
*6. AgitarOne  Agitator| « By Agitar Technologies
[39] + Developed for testing java application
« Provide better way to understand user code
7. Java Path Finder « It is an model checker, that is used for finds biggava
(JPF) [40] programs
» ltis a framework for runtime java verification.
8. TefKat [41] * It is suitable for data transformation and Modeliven

Development.
» TefKat plug-in includes a source level debugger arglntax
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aware editor

MOFScript [42]

MOFScript tool is used for model to text transfotioia.

It is metamodel-independent languages that use kamg/ of
metamodel and its instance for test generation.

Open source.

10.

ConTest [43]

By IBM

Discovers and eliminate bugs related to concurrefroyn
distributed and parallel software.

By discovering bugs early in testing process itpbkein
improving quality and cost of development.

11.

Quick Test
Professional (QTP
[44]

By HP
It an automated tool for functional testing
It is suitable for regression testing.

12.

CHESS [45]

By Microsoft
It is used to discover and regenerate heisenbugs.
It is suitable for stress testing.

13.

UMLTGF [16]

Automatically generates test cases from UML agtidiagram.
UML specification is easily imported and parsed.

14,

TSGDA [31]

Automatically generate test scenario from UML aityiv
diagram.
Uses heuristics approach.

15.

TSGen [11]

Automatically generate test scenario from UML aityiy
diagram.
It includes different coverage criteria.

16.

AGTCG [22]

User can edit, analyze and construct activity diagr
Automatic test case generation tool.

Java program is instrumented according to giveriviact
diagram.

17.

UMLTOTC [28]

Tool is developed in C#.
Generate test cases from UML activity diagram.
Works on the principle of Euler circuit.

18.

NuSMVv model
checker [46]

NuSMYV is an extension of SMV.
Open source.
Developed for verifying industrial design.
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Chapter 3
Gap Analysisand Problem Statement

This chapter tells about the gaps encountered gluhia research by reviewing the
already existing literature in the area of autom#st scenario generation from UML
activity diagram. Based on the gap analysis, tlablpm statement has been framed
for carrying the already existing research work another and yet unexplored

direction.

3.1 Gap Analysis

Based on the literature survey related to the deshario generation using an UML

activity diagram, the following gaps have been tde:

» A thorough thought should be given for devisingedficient algorithm that can
accommodate the test coverage criterias like tianscoverage and activity state

coverage [27, 28].

» An approach can be formulated that may efficientiguce the space complexity

while generating the test scenarios from an UMlvagtdiagram [30].

* An approach for generating the test cases from UAdtivity diagram can be
extended to work with other UML diagrams like stdi@t, sequence and

collaboration diagram as well [13, 26].

3.2 Problem Statement

After a thorough review of the literature relatemd the generation of test case/s,
generation of test scenario/s, and the prioritiwanf test scenario/s in conjunction
with UML activity diagram, this has been analyzbdttthe space complexity used by
algorithm can be reduced for storing the informatiar.t activity diagram further.
Already existing techniques include the usage ®faarray for the storage, which is
sparse in nature, which leads to wastage of stospgee. Proposed approach has

replaced the usage of a 2-D array by an adjacestyAn adjacency matrix (2-D
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array) takes the memory of an order nxn, whereasndmory usage for an adjacency
list is of the order (E+V), where E is the numbdges and V is the vertices, which
may save the required memory space [49]. In cagheofoncurrent activities, the
proposed approach has by passed the explicit stashghe various combinations
present in a concurrent module by implicitly getiegathe combinations during path
generation itself. This activity may reduce therate needed for the concurrent

system and hence trim down the space complexity.
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Chapter 4
M ethodol ogy

The technique proposed for generating the testesems from a UML activity
diagram involves the steps as shown in figure fitie approach proposed here is an
extension of the technique proposed in [30]. Theppsed techniques here is depth
first search with a module for handling fork andnjamodes. Experimental work
conducted on various subject systems prove thatsftece complexity of the

algorithm proposed here is less as compared taghmach presented in [30].

( Activity diagram of a subject system )

Y
(Conversion of UML activity diagram into XML)

v

Parsing of XML for fetching relationship
information among various nodes of an activity
diagram

¢
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( Algorithm for generating priority table )

!

C Algorithm for generating test scenarios )

Figure 4.1 Steps under the proposed approach
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4.1 StepsUnder Proposed M ethodology

4.1.1 Generation of an Activity Diagram for a Subject System

Dynamic behavior of a system can be described ingwsUML activity diagram and
can be depicted as a flow chart, which shows ttmv flof execution in a
program.Tools like Visual paradigm, Rational rodLet, StarUML, Altova,etc.
are available for generating the UML diagrams. he proposed approach, Visual
paradigm11.2 tool has been used for generatin@dtieity diagram for a particular

scenario.

4.1.2 Converson of a UML Activity Diagram Into Its Respective XML
Representation

Although UML diagrams are language independent depicting the scenario
available in the document having functional requieat, but these cannot be
traversed for fetching any kind of information. time proposed approach, UML is
converted into its equivalent XML for retrieving yaparticular information. Visual
paradigm 11.2 has been used for converting a UMtivigc diagram into its
corresponding XML code.

4.1.3 Traversal of XML for Getting the Source and Destination Node for Each
Activity Node Present In the Activity Diagram

In the proposed approach, the XML file as generdtedugh Visual paradigm is
parsed using the user defined module developedava ¥ (using JDK 1.6.2).
Algorithm 1 given below represents the pseudo casied for traversing the XML
code and generating the array list having the médion related to the source and

destination node for all the nodes available inabgévity diagram.

Algorithm for fetching sour ce and itsrespective destination node/s from XML

List of variables:
source [ ]: Array list used to store the sourceenod
destination [ ]: Array list used to store the destion node

Input XML code corresponding to an activity diagram
Output Activity dependence table (ADT)
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1. Declare two array list namely source [ ] and desion [ ] for storing the
source node and destination node respectively.

2. Traverse XML code and for each node of an actidiagram, look for
from andto identifiers and append the values obtained indspective
array listi.e. form entries will go into source [ ] and to wi#side into
destination [ ].

3. For each node source [ ] and destination [ ] alisayill constitute an
ADT.

4.1.4 Generation of Adjacency List

Adjacency list is a representation of graph is kection of unordered list, one for
each node in a graph. Each list shows the setighber of its node [wiki]. Approach
proposed here uses adjacency list to representtantya diagram as graph, which

make the traversal easier. Here, hash map hasuisedrio create an adjacency list.

Algorithm for generating adjacency list

Variable list:
AL<key, value> = hash map
key = activity name
valueOf = function used for fetching value pressrd particular index
Index = integer to store index
NL = name list

Input source [ ], destination [ ], NL
Output Adjacency list (ALST)

1. For each activity node in NL do
2. Add the node as key to AL<key, value>
Look for theindexof source [ ], where of key entity 2zalueOf(source [index])
If indexfound
Look for the value at the same index in destorafi]
Add value in the ALST for selected key
End For
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4.1.5 Generation of the Priority Table

Priority Table (PT) is a data structure used farisg the priority of the activity
nodes. Here, PT is generated using an adjacencyflian intermediate activity

diagram, which will be used for the validation efngrated test scenario.

Algorithm for generating priority table

Variable list:
1. PT<key, value> is a hash map where, key = actidiyne, and value = priority
2. AL<key, value> is a hash map, where key = actiaiyne, and value = list consisting
of all activity nodes connected to key
3. Priority = An integer used to assign priority tdigity nodes
NL = Name list
5. NID = Id of node (present in an activity diagram)

Input Adjacency list, NL, NID
Output Priority table

1 For each node in NL do
2 Look for theindexof the selected node
3. Based on similandex,Get the node from NID
4 Get the Id of the node obtained in step 3
5 If node is fork (F) do
5.1 Set X& node/s in the list AL[ ] of F do
5.2For each xin X
5.3 If x not in AL[value] of node_type = accept, the

5.4 node[] = x
5.5 PT[x]=priority
5.6 Endif

5.7 End for

5.8 Assign same priority number to the elements prieisethe array node [ ]
5.9 Select any element from node [ ]
5.10 While selected_element != Join do
5.11 Assign priority to the nodes present in the AL é¢atéd_element],
p [ ] = priority +1/storing all the elementsin thelist of selected_element.

5.12 selected_elemesetect any element from AL [selected_element]
5.13 End while

6. End if

7. End for
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4.1.6 Generation of the Test Scenario

Test scenario is defined as Test scenario is amsttt that guides what to test and
used to generate test cases. Test scenario caasly @erived from use cases and
they are classified as high level test requireméfge case diagram, sequence
diagram, collaboration diagram, and activity diagraan be used to generate the

scenarios.

Algorithm for generating test scenario/s

List of variable
PT<key, value> = hash map priority table that stahe priority of nodes.
AL<key, value> = hash map adjacency list that usedepresent activity
diagram as graph.
Path [ ] = array used to store the nodes thattesin the test scenario/s

Input PT<key, value>, AL<key, valuew.r.t. activity diagram
Output Test scenarios

1. Fetch start node from AL
2. path[ ]< Add node
3. If node is stop (ending) node then
4. Go to step 17
5. Else // when node is agtop or ending node
6. Flag for the selected node = (active and notgssed)
7. If ne N # fork then
8. For all nodes (Kg list from AL w.rt node n (active and not
processed) do
9. Change Flag of node n to (active prtessed)
10. Go To step 2
11. End for
12. End if
13. If ne N = = fork then
14. Path [ ¥ Nodes (K) present in the list from AL [ ] of forkode
(n) and go to step .
i. Generate different combinations for Nod€sgresent in
the list from AL [ ] of fork node (n)
il. For each generated combination
iii. Fetch the last element of pdthfd Go to step 2.
iv. End for
15. End if
16. End if

17. Look for the fork node/s in path [ ]
18.  If fork found then

19. Look for the index value of the fork node

20. Start from the index obtained above laog while node != join do
21. If priority of path[i] < path[i+1]hen

22. Continue
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23.
24.
25.
26.

27

28.
29.
30.
31.
32.

Else
Set flag=0;
break;
End if
. End while
If flag = = 0 then
Invalid path
Else
Vaild path
End if
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Chapter 5
| mplementation and Results

For the methodology proposed in the Chapter 4,emphtation has been done using
Java 7 (jdk1.7.0_79), to generate the test sceriewim a UML activity diagram.

Snapshotv.r.t. each step has been mentioned below with a brighaation.

5.1 Generation of UML Activity Diagram

Tool named Visual paradigm 11.2 has been used nergte the required activity

diagram from requirement specification.

Enquiry about
book
Check availability o
book
Not available Book not
available
Available
Validate member
Invalid member
Register
valid member

Check number of book |ssued
to member

\ number of books exceeded
/ \Book not issued
number of books not exceeded

— -\;
. i T
Add member, b(.mk and issue C Issue book ) Update book
details status

O

Figure 5.1 Original activity diagram
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‘Check availability of
book

Not available Book not
available

e Al is Accept Node
e S1is Send Node

Available

Validate member

Invalid member

valid member
A4

Check number of book issued
to member

\ number of books exceeded

\Book not issued

number of books not exceeded
—

Add member, book and issue
details ._
( Issue book ) ( Update book )

status

O

Figure 5.2ntermediateactivity diagram

5.2 Generation of XML

Visual Paradigm has inbuilt function that expore tKML file for that particular
activity diagram.

<ControlFlow Idref="J.eENTKFYH1GOWS." Name=""/> -
</TosimpleRelationships>
- aMasterView>
<Activity 1dref="TTBONTKFYH1GOWON" Name="Enquiry about book" />
</MasterView>
</Activity>
- <Activity BodyFontSize="0" Documentation_plain=""Id="rahoNTKFYH1GOWOT" Name="Check availability of book’ PmAuthor="Pannu’ PmCreateDateTime="2015-04-
12T10:54:30.773" PmLastModified="2015-04-12T11:13:50.515" Postcondition="" Precondition="" QualityReason="2 2" QualityScore="97" Readonly="false" Reentrant="false"
SingleExecution="false" UserIDLastNumericValue="0">
- <FromsimpleRelationships >
<ControlFlow Idref="e0YKNTKFYH1GOWWY" Name="" />
</FromsimpleRelationships>
- <TosimpleRelationships>
<ControlFlow Idref="1_.ENTKFYH1GOWTL' Name="" />
</TosimpleRelationships>
- aMasterView>
<Activity Idref="rahoNTKFYH1GOWOS" Name="Check availal
</MasterView>
</Activity>
- <Activity BodyFontSize="0" Documentation_plain="" 1d='
PmLastModified="2015-04-
UserIDLastNumericValu:
- <FromsimpleRelationships>
<ControlFlow Idref="vSUKNTKFYH1GOWXW" Name="" />
</FromsimpleRelationships>
- <TosimpleRelationships>
<ControlFlow Idref="zeEKNTKFYH1GOWXJ" Name="not available" />
</TosimpleRelationships>
- eMasterView>
<Activity 1dref="gjhoNTKFYH1GOWOY" Name="Book not available" />
</MasterView>
</Activity>
- <Activity BodyFontSize="0" Documentation_plain=""1d="SkRONTKFYH1GOWOf" Name="Valid memeber' PmAuthor="Pannu’ PmCreateDateTime="2015-04-12T10:54:34.023"

nLastModified="2015-04-12T11:123:50.509" Postcondition="" Precondition="" QualityReason="2 2" QualityScore="
P Yy

ity of book" />

ihoNTKFYH1GOWOZ" Name="Book not available’ PmAuthor="Pannu’ PmCreateDateTime="2015-04-12T10:54:32.449"
2T11:13:50.501" Postcondition="" Precondition="" QualityReason="2 2" QualityScore="97" ReadOnly="false" Reentrant="false" SingleExecution="false"
>

'97" ReadOnly="false" Reentrant="false" SingleExecution="false" i

= &

Figure 5.3XML file of activity diagram
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5.3 Modulefor Parsing Xml

This module of the program parses the XML file aedtracts the information like

nodes and relationship among the nodes.

public Arraylist<String> active_Ids = new ArrayList():
public ArrayList<String> nameList - new Arraylist();
/ int []b;

public void parseFile() {
cry {
String line
FileReader file - new FileReader("D:\\Library Managmentl.xml")
BuffersdReader reader - new BufferedReader(file);

while ((line = reader.readline()) null) {
if (line.contains("<Activity Idref=") line.contains("DecisionNode Idref=") line.contains("ActivityFinalllods Idref=") line.contains("SendSig
//read 1d

if (line.contains("InitialNode Idref”)) {

NodeId.add("St

if (line.contains("<Activity Idref=")) {
NodeId.add("A") ;

} else if (line.contains("DecisionNode Idref=n)) {
NodeId.add("D");
} else if (line.contains("ActivityFinalNode Idref=")) {

NodeId.add(" ;
} else if (1 ntains ("JoinlNode Idref=")) {
NodeId.add ("");
} else if (line.contains("AcceptEventiction Idref=")) {
NodeTd.add ("
} else if (line.contains("Forkllode Idref")) {
HodeTd. add ("F") ;
} else if (line.contains("SendSignaliction Idref=n)) {
NodeTd.add("5") ;

String[] temp = line.split("\"");
active Ids.add(temp([1]):
namelist.add (temp[3]) 7

read name

System.out.println("IDs of the nodes " - namelist.size()): i
« M b

For Help, press F1 Ln19 Coll Charl OVR Read CAP NUM

Figure 5.4XML parser
5.4 Generation of Adjacency List

Adjacency list is generated while parsing the XNle.fThis Adjacency list is used to

represent the activity in the form of graph.

1. Enquiry about book ---->>>Check availability of book----- >X

Checlk a\_/ailahilify ofbook-———_>>>DecisionNode2 >

3. Validate me mbe r---->>>DecisionNode 3----- >X

5. Issue book---->>>join----- >S1 ———- >x
6. Add member, book and issue de tail---->>>join----- >xX
7. Update book status---->>>join----- >X
8. Book not issued---->>>STOP--—-—-- >x

13. DecisionNode3---->>>Register me mbe r----- >check Number of book Issued to
me mbe r----- >X
14. Fork---->>>Update book status----- >Issue book----- >Add member, book and issue

15. join---->>>STOP----- >X

16. START---->>>Enquiry about book ----- >X

17. STOP-—-—->>>x

18. Al-———>>>Add member, book and issue de tail--—- >Update book status--—— >X
19. S1-———>>>A1-—-- >X

Figure 5.5Adjacency list of intermediate activity diagram
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1. Enquiry about book ---->>>Check availability of book----->x

2. Check availability of book---->>>DecisionNode2----->x

3. Validate member---->>>DecisionNode3----->x

4. check Number of book Issued to member---->>>DecisionNode1----->x

5. Issue book---->>>join----->x

6. Add member, book and issue detail---->>>join----->x

7. Update book status---->>>join----->x

8. Book not issued---->>>STOP----->x

9. Book not available---->>>STOP----->x

10. Register member---->>>check Number of book Issued to member----->x

11. DecisionNode1---->>>Book not issued----->Fork----->x

12. DecisionNode2---->>>Book not available----->Validate member----->x

13. DecisionNode3---->>>Register member----->check Number of book issued to member----->x
14. Fork---->>>Undate book status----->Issue hook----->Add member, book and issue detail----->x
15. join---->>>STOP----->Xx

16. START---->>>Enquiry about book ----- >X

17. STOP---->>>x

Figure 5.6 Adjacency list of original activity diagn

5.5 Modulefor Generating Adjacency List

This module of the program generates the adjaceratyix. This is used by allpath

module to generate the test scenario

Start Page” Adjacencyjava X -x

public void AdjacencyList() {

parssFile():
String str;
System.out.println ("-------------————-—--———Just For Check "
for (int 1 = 0; 1 < active Ids.size(): 1++) {
str = namelist.get(i);
Node n - new Node(null, str);
//System.out.println ("HiT+"-->"4ns" T+str);
11.put (str, n)|

for (int 1 = 0; 1 < 1l.size(): 1++) {
List<Node> 13;
13 = new LinkedList{):
String st = active Ids.get(i);

for (int j = 0; j < frombist.size(): j++) {
if (fremlist.get(3).equals(st)) {
13.add (11.get (nanelist.get (active Ids.indexCf (tolist.get(3)))));

12.put (namelist.get (active_Ids.indexOf(st)), 13);

Node ndl:
for (g=0;g<namelist.size () ;g--)

List<Node> 1ist=12.get (namelist.get(g));
System.out.print (namelist.get(g)+"----3>>");
for(int z=0;z<list.size();z++)
{
. 0 b

For Help, press F1 Ln129 Col28 Char28 OVR Read CAP NUM

Figure 5.7 Module for generating adjacency list
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5.6 Priority Table

Priority table is used for validating the generatedt scenario. It is used to store
priorities of activities nodes that are connectetbtk activity node.

Table 5.1 Priority table

Activity Node Priority

FORK 1

ISSUE DETAIL 2

ADD MEMBER, BOOK AND 3
ISSUE DETAIL

UPDATE BOOK STATUS 3

JOIN 4

5.7 Modulefor Generating Priority Table

Module for generating priority table is made usirmya7 and the snapshot for the
same is shown below.

return Nodename;

public HashMap<String, Integer> priority() {

int i, 3;
String name
String namel
String name2
Node n = null;

for (i = 0; i < nameLlist.size(); i++) {
if (namelist.get(i).equals("START")) {
name = nameList.get(i);
14.put (name, greatness);

for (1 =0; 1< 12.8ize()r i++) {
List<Node> list = 12.get(name);
for (j = 0; j < list.size(); j++) {
n = list.get(3)
Set set = 11.keySet():
Iterator iter = set.iterator();
while (iter.hasWext()) {
namel = iter.next().toString();

if (11.get(namel).equals(n)) {

if (Nodeld.get ((namelist.indexOf (namel))).equals("F"))
{

14.put (namel, ++greatness);
greatness+;

name? = forkPriority(14, namel);

else {
« m

Figure 5.8 Snapshot of priority table generatiorduie
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5.8 Java Modulefor Generating Test Scenario

Module for generating test scenario uses DFS fptyam all path coverage criteria.
This module is used to generate the test scenavios. will see the generated

scenarios in the next part.

public void allPath(Map<String, List<Node:> 14, int count, String name, Node n, Set set, Map<String, Node: 15, Map<String, Inceger> 16) {

b[count] = n;

String namel = "";

if (i3 Empty(14, name] = 1) {
[/8yatem.out.println ("yes");
print (b, count, 16);
return;

}else {

for (int h = 0; b < namelist.size(); h++) {

if (nameliat.get(n).equals(name)) {
if (NodeId.get(h).equals("E")) {
namel = "F";

if (namel.equala("F")) {
int k = count + 1;
for (int j = 0; j < 14.get (name).size(); j+) {

count++;

b[count] = 14.get (name).get(]);
/] System.out.println("hiiiiiii"+14.get (name).get (j)+" ");
//5yatem.out. println("k"+count+" "+k);

p.exchange (b, k, count, set, 14, 15, this, 16);
{1 System.out.print ("exchange return");
} elae {
/[ System.out.println("else™" "tname);
for (int j = 0; j < 14.get(name).3ize(); 3+ {
Node v = 14.get {name) . get (j);
Set 8 = 1l.keySet();
Iterator t = 3.iterator();

while (t.hasNext()) { g
{ I }

Figure 5.9 Test scenario generating module
5.9 Test Scenarios

Test scenario as the result of the above module bElow figure shows the output
test scenarios, which are basically the differetthg in the activity diagram. Using

these test scenario test cases can be made.
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START--—->Enquiry about book --——->Check availability of book-—-->DecisionNode2----—>Book not available-—>
STOP---->X

START---->Enquiry about book --——>Check availability of book---->DecisionNode2---->Validate member-——-->
DecisionNode3---->Register member---->check Number of book Issued to member---->DecisionNodel---->Book
not issued---->STOP---->X

QTART-->ann| ry abhout bogk --——->Check avallahlltv of bogk----—>DecisionNode2 ---->Validate member-—-->

DecisionNode3-—->Register member-—-->check Number of book Issued to member---->DecisionNodel---->
Fork---->Issue book ---->1 Tndatp book status--—-->Add member, book andissue llptml—->lnln—-><TnP—->Y

START---->Enquiry about book --—->Check availability of book---->DecisionNode2---->Validate member-—-->

nol‘lclnnNt\dﬁx-—->Rooletor member-—->check Number of book Issued to member---->DecisionNodel ——-—>

T---->Enauirv about hook ---->Check avail li!igy of book ——-->De

Enquiry about DOoK Check a of hook

DecisionNode3-—->check Number of book Issued to member——>Dec15|onN0del——>Book not iss ued-—>
STOP--—->X

START---->Enquiry about book --—->Check availability of book---->DecisionNode2---->Validate member-—-->
DecisionNode3-—->check Number of book Issued to member-—-->DecisionNodel-—>Fork---->Issue book-—--->
Update book status---->Add member, book and issue detail---->join---->STOP---->X

START---->Enquiry about book --——>Check availability of book---->DecisionNode2---->Validate member-—->
DecisionNode3---->check Number of hook Issued to member---->DecisionNodel ——-->Fork ---->Issue hook ——-->

Add member, book and issue detail---->Update book status---—-> join---->STOP---->X

Figure 5.10 Test scenarios

5.10 Example Activity Diagram Taken from an Online Repository

To show the working of presented approaches twanela activity diagram have

been taken from online repository. The first ondaisebook login activity diagram

and second is online shopping activity diagram.

5.10.1 Facebook L ogin Example and Its Result

[ ~.( Enter Login
Details

Start

Raetriova Prepare Wall

Valid[User

User Preference as online or hidgden

Set Status as SRt sttt
e offline

Fork1 Join1

Figure 5.11 Facebook login activity diagram (oraiactivity diagram) [47]
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@ (g™

Start

Prepare Wall

Walid|User

User Preference as online or hidden

&3

Fark1 Join1

Faork2

Figure 5.12 Facebook login activity diagram (intethate activity diagram) [47]

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Notification----
>Retrieve Messages---->Retrieve Request---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set Status as Online---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Notification----
>Retrieve Messages---->Retrieve Request---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set status as offline---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Notification----
>Retrieve Request---->Retrieve Messages---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set Status as Online---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Notification----
>Retrieve Request---->Retrieve Messages---->Join1l---->Prepare Wall---->User
Preference as online or hidden---->Set status as offline---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Messages----
>Retrieve Notification---->Retrieve Request---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set Status as Online---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Messages---->
Retrieve Request---->Retrieve Notification----> Join1---->Prepare Wall---->User
Preference as online or hidden---->Set Status as Online---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Messages----
>Retrieve Notification---->Retrieve Request---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set status as offline---->merge ---->Display Users
Wall---->Stop---->X

Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Messages---->
Retrieve Request---->Retrieve Notification----> Join1---->Prepare Wall---->User
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Preference as online or hidden---->Set status as offline---->merge ---->Display Users
Wall---->Stop---->X

9. Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Request----
>Retrieve Notification---->Retrieve Messages---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set Status as Online---->merge ---->Display Users
Wall---->Stop---->X

10. Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Request---->
Retrieve Messages---->Retrieve Notification----> Join1---->Prepare Wall---->User
Preference as online or hidden---->Set Status as Online---->merge ---->Display Users
Wall---->Stop---->X

11. Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Request----
>Retrieve Notification---->Retrieve Messages---->Join1---->Prepare Wall---->User
Preference as online or hidden---->Set status as offline---->merge ---->Display Users
Wall---->Stop---->X

12. Start---->Enter Login Details---->Valid User---->Fork1---->Retrieve Request---->
Retrieve Messages---->Retrieve Notification----> Join1---->Prepare Wall---->User
Preference as online or hidden---->Set status as offline---->merge ---->Display Users
Wall---->Stop---->X

13. Start---->Enter Login Details---->Valid User---->Fork2---->Send warning Email to User-
--->Lock Account---->Join2---->Display Account Locked Screen---->Stop---->X

Figure 5.13 Test scenarios of facebook login agtidiagram

5.10.2 Online Shopping Example and Its Result

Searchliem View lems “m’”"”"’“
[ ] Shpping m
e found of not

Start

Joand

X B

Fomd

Figure 5.14 Online shopping activity diagram (amaiactivity diagram) [47]
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Jond

Siop

Figure 5.15 Online Shopping Activity Diagram (Intexdiate Activity Diagram) [47]

Start---->Search item---->ltem found or not---->View item---->Add to shopping cart---
->Fork1---->View shopping cart---->Edit shopping card---->Join1---->Confirm order----
>Payment---->Fork2 ---->Credit card---->Paypal---->Join2---->Shipping order----
>Receive order--->Stop

Start---->Search item---->ltem found or not---->View item---->Add to shopping cart---
->Fork1---->View shopping cart---->Edit shopping card---->Join1---->Confirm order----
>Payment---->Fork2 ----> Paypal---->Credit card----> Join2---->Shipping order----
>Receive order--->Stop

Start---->Search item---->Item found or not---->View item---->Add to shopping cart---
->Fork1----> Edit shopping card---->View shopping cart----> Join1---->Confirm order--
-->Payment---->Fork2 ---->Credit card---->Paypal---->Join2---->Shipping order----
>Receive order--->Stop

Start---->Search item---->ltem found or not---->View item---->Add to shopping cart---
->Fork1----> Edit shopping card---->View shopping cart----> Join1---->Confirm order--
-->Payment---->Fork2 ----> Paypal---->Credit card----> Join2---->Shipping order----
>Receive order--->Stop

Start---->Search item---->Item found or not---->ltem not found---->Stop

Figure 5.16 Test scenarios of online shopping egtdiagram
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5.11 Space Complexity

For a computer program the space complexity isndédfias a measure of the amount
of working storage that is needed by an algoritRigure 5.18 represents the example
activity diagram concerning PIN check for an ATMdjAcency matrix as well as
adjacency list were generated as an internal reptason for storing intermediate
values. The respective adjacency matrix and adg@chst obtained for Figure 5.18
are shown in Figure 5.19 and Figure 5.20 respdgtivde size of integer is 4 bytes
and there are 49 entries in case of adjacencyxraatd there are 13 entries in case of
adjacency list. So, this can be computed that teenany requirement is 196 bytes
when adjacency matrix has been used and its 53,byteen adjacency list has been

deployed.

Invalid
pin

E
Start

Stop

Figure 5.17 Example activity diagram for pin ch¢48g]

Table 5.2 Activity nodes and its correspondinggetevalues

Activity node | Integer value
Start 1

Insert Card

Enter pin

Decision

Confiscate pin

Display menu

N oo ;o] B W N

Stop
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Figure 5.18 Adjacency matrix

1 2 >l

2 A 3 F=—>null
34 Ml

4 N 5 =2 ¢ > null
5 [~ null

6 = 7 F=>null

7 > null

Figure 5.19 Adjacency list
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Chapter 6
Conclusion and Future Work

The conclusion of proposed approach for generdtiegtest scenario/s from UML
activity diagram is presented in this chapter. Sqomts, that can be considered in

future for extending this research work, are alemtioned in this section.

6.1 Conclusion

Experimental results have shown that the algoriéisrmproposed for generating the test
scenario/s from UML activity diagram has reduceel $pace complexity. In a system
when the count of the concurrent processes wakenspace consumed by the 2-D
array was nl, whereas the proposed approach consaigen units of space. The

proposed approach is different from the existingrapch in following ways:

1. In previous approach adjacency matrix is used poesent the activity diagram as

a graph, whereas in current approach adjacenads listed.

2. In this approach XML file is generated for the wityi diagram to make the

activity diagram parsing task easy.

3. In the previous approach to store all the combamatif concurrent activity nodes
2D array is used, whereas in this approach combimatare not stored at all,

combinations are generated in the path itself.

6.2 Future Scope

In future the proposed approach may be extendedrijunction with the following:

1. Test scenario/s for the concurrent module having tbnstructs like locking
mechanism.
2. Test value generation using the concept of defelisgéning with the test path/test

scenario generation.
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