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Abstract

Test case generation is the most important patthetesting process.
Most of the software fails because the test cas#tew are not able to detect errors.
Generally testing is performed on requirements her ¢ode, while the design is
seldom concerned but in present work design basta¢ase generation is proposed.

Present work uses petaisfilalso called mdl files of Class diagram,
Sequence diagram & State chart diagram to gen&atecases. Class diagram can
give information of static view of system. Sequed@gram can give information of
time ordering of messages. Statechart diagram iwanrformation of different states
of system. Tool reads petal files of Class diagr&eguence diagram & State chart
diagram one by one and creates text files. Tegs fdontain information extracted
from Class diagram, Sequence diagram & State adffiagram. Then tables are
created in database and using SQL *Loader all ftata text files are entered into
database. Finally using Netbeans IDE SQL queriesvaitten in java to generate test
cases from the data stored in database.

In present work design igdigor test case generation. Using design
for test case generation helps to plan test camdg ®ue to this most of the errors
can be stopped and eliminated before going to plese. This also leads to reduction
of the effort required to remove errors at lateagss. Generating test cases
automatically from design is more realistic as camgg to requirements or any other
artifacts. Design based test cases cover botlt ftativell as dynamic aspect of the

system.
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Chapter 1
Introduction

IEEE definition of Softwafesting is the process of executing a program
or system with the intent of finding errors. [@r, it involves any activity aimed at
evaluating an attribute or capability of a progransystem and determining that it meets
its required results. [2]

Software is like other piogd processes where inputs are received and
outputs are produced. Where software differs ishen manner in which it fails. Most
physical systems fail in a fixed and reasonablylss& of ways. By contrast, software
can fail in many bizarre ways. Almost 50%-70% cf 8oftware projects fail due to the
improper or inefficient testing. So it is very intpant to test the software. Testing
software is more complex than exercising a progasee if it works. Software testing is
an empirical technical investigation conducted twvle stakeholders with the
information about the quality of the product orwses under test, with respect to the
context in which it is intended to operate. Quaigynot an absolute term; it is value to
some person. With that in mind, testing can newenpletely establish the correctness of
arbitrary computer software; testing furnishes iicissm or comparison that compares
the state and behavior of the product against eifggaion.

Testing is performed by epdndent group of testers after the
functionality is developed and before it is shipgedhe customer. This practice often
results in the testing phase being used as buffeoinpensate for delays in the projects,
thereby compromising the time devoted to the tgstiinother approach is to start
software testing at the same moment the projedissaad it is a continuous process till
project ends.

1.1 Testing Objectives

The main objective of tegtis to prove that the software product as a
minimum meets a set of pre-established acceptan@ia under a prescribed set of
environmental circumstances. There are two comgengn this objective. The first
component is to prove that the requirements spatifin from which the software was

designed is correct. The second component is teeptbat the design and coding
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correctly respond to the requirements [3]. Correstnmeans that function, performance,
and timing requirements match acceptance crite8aftware testing is further
complicated by the fact that system acceptanceerizxitusually involve hardware,
procedures, and operators so that acceptanceingstgse more than just the software.
Software tests are designed to force failures. Hat tregard, software testing is
intrinsically destructive.
Following are the objectives that software tesfolipws:
» Testing is a process of executing a program wighirtkent of finding an error.
» Testing cannot show the absence of defects, ibodnshow that software errors
are present.
* A good test case is one that has a high probabdityfinding an as-yet
undiscovered error.

Objective of testing is testgn tests that systematically uncover different
classes of errors and do so with a minimum amodrtinte and effort. If testing is
conducted successfully it will uncover errors ire thoftware. As a secondary benefit,
testing demonstrates that software functions appedne working according to the
specifications and that performance requiremengeapto have been met. In addition,
data collected as testing is conducted providesaa gndication of software quality as a
whole. But there is one thing that testing canmmot d

» Testing cannot show the absence of defects, ibonshow that software errors
are present

» Testing do not remove errors, debugging is use@nwve and to find nature of
errors.

1.2 Testing Principles

Following are principles of Software Testing [4]:

» All tests should be traceable to customer requirgmelhe objective of system
testing is to uncover errors. It follows that theshsevere defects are those that
cause the program to fail to meet its requirements.

» Tests should be planned long before testing begdiest planning can begin as

soon as the requirements model is complete. Ddtdgdinition of test cases can



begin as soon as the design model has been sadidifherefore, all tests can be
planned and designed before any code has beeraggher

» Testing should begin “in the small” and progressanl testing “in the large”

The first test planned and executed generally fooosindividual program
modules. As testing progresses, testing shiftsdacwan attempt to find errors in
integrated clusters of modules and ultimately i ehtire system.

» Exhaustive testing is not possiblEhe number of path permutations for even a
moderately sized program is exceptionally large.thts reason, it is impossible
to execute every combination of paths during tgstin

» To be most effective, testing should be conductedrbindependent third party.
By “most effective “, means testing that has thghkst probability of finding
errors. For this reason, the software engineer grkated the system is not the
best person to conduct all tests for the software.

1.3 Characteristics of a “Good” Test
Following are the characteristics of a good tékt [

* A good test has a high probability of finding amnoe To achieve this goal, the
tester must understand the software and attemgevelop a mental picture of
how the software might fail.

* A good test is not redundant. Testing time anduess are limited. There is no
point in conducting a test that has the same perpgsanother test. Every test
should have a different purpose.

* A good test should be “best of bréedn a group of tests that have a similar
intent, time and resource limitations may militdte the execution of only a
subset of these tests. In such cases, the tesh#isathe highest likelihood of
uncovering a whole class of errors should be used.

* A good test should be neither too simple nor toonmex. Although it is
sometimes possible to combine a series of testsdné test case, the possible
side effects associated with this approach may reasks. In general, each test

should be executed separately.



1.4 Software Testing Technigues
1.4.1 Static Testing
The term static testing ersf to testing the software requirement
specification, software design specification antieotnon-executable items through
requirement analysis, audits, desk checks, inspestiwalk-through, etc [3]. Static
testing is employed to verify the correctness @ureements, designs, and code before
execution of test cases. Static testing will alsdianewly developed or reused code for
adherence to established standards. A successfiud t&st of a software module depends
upon several things going right:
» A correct allocation of requirements to the sofeveomponents.
» A correct partitioning and sub allocation of scdte requirements to the module.
»  Successful/correct module design.
» A successful translation of the intermediate cioelepseudo-code, POL, etc. into
programming language statements. However, trueeseptative test cases must
be successfully executed before the testing anegiation team certifies a
software module. Usually this step is not a pastafic testing.
The purposes of the static testing are:
» Validating the requirement specifications.
» Looking for omissions, inconsistencies, redundasmicin all documents and
source code.
* To ensure that the documents of design and caxtinfprm to the specification
1.4.2 Dynamic Testing
Dynamic testing is a telmttdescribes the development of test cases and
test procedures, the execution of test cases, l@dttucture and use of test logs and
anomaly or incident reports. There are three popukys to perform dynamic testing,
namely, black box testing, grey box testing andt&/glass box testing. Either of these
methods requires a set of well-developed and virlcgired test cases.
Dynamic testing cannot @othe absolute correctness of a software
product unless it is performed in an exhaustive meanAn exhaustive test requires a set

of test cases that guarantees the following: eitigliexercises every possible, module



path and every possible combination of paths wittrepossible module input and every
possible combination of module inputs.
1.5 Types of Testing

Testing is generally penied by three ways: white- box testing, black
box testing and gray-box testing.

White-box testing is tesgtitat takes into account the internal mechanism
of a system or component (IEEE, 1990). White-bcstinig is also known as structural
testing, clear box testing, and glass box test#jgThe connotations of “clear box” and
“glass box” appropriately indicate that you havi Wisibility of the internal workings of
the software product, specifically, the logic ain tstructure of the code. Using the
white-box testing techniques outlined, a softwargimeer can design test cases that (1)
exercise independent paths within a module or (@jtexercise logical decisions on both
their true and false side; (3) execute loops at timindaries and within their operational
bounds; and (4) exercise internal data structuressure their validity [5].

Black-box testing is alsalled behavioral based testing, focuses on
functional requirements of the software. That iack box testing enables the software
engineer to derive sets of input conditions thdl fwily exercise functional requirements
for a program. Black box testing attempts to findoes in: (I) Incorrect or missing
functions, (2) Interface errors, (3) Errors in dsttaictures or external database access, (4)
Behavior or performance errors, (5) Initializatimntermination errors. [5].

Gray-box testing method,ickhwas proposed in recent years [6] in the
designer’s viewpoint, generates test cases baseliginlevel design models which
represent the expected structure and behavior efSystem under test. The design
specifications are the intermediate artifact betwesguirement specification and final
code. They preserve the essential information frleenrequirement, and are the basis of
the code implementation. Gray box method combineshite box method and the black
box method. It extends the logical coverage catefiwhite box method and finds all the
possible paths from the design model, which dessrithe expected behavior of an
operation. It can find problems, which used to peored by both black and white

method.



1.6 Test Case

During testing generallysttecases are generated. According to IEEE
definition of Test case is (IEEE Std 829-1983) “AodDmentation specifies inputs,
predicted results, and a set of execution condition a test item”. [3] defines a test as
“A sequence of one or more subtests executed equesce because the outcome and/or
final state of one subtest is the input and/oriahgtate of the next. The word ‘test’ is
used to include subtests, tests proper, and tetssdest case is a mechanism for
determining whether a software program or systes) gassed or failed such a test is

known as a test oracl€ypical written test case format is:

- Testcase ID.

- Test case description.

« Test step or order of execution number.

- Related requirements like preconditions and postlitions.
« Depth.

« Test category.

« Author.

« Check boxes for whether the test is automatabléhasdeen automated.
Additional fields that may be included and complletéhen the tests are executed:

« Pass/fail.

« Remarks.

1.7 Object Oriented Testing

Object-oriented programming is build upon a soungireeering foundation
whose elements are collectively called as the objpodel. The object model
encompasses the principles of abstraction, datadyidnheritance, overloading, and
polymorphism. The important feature of object modethat these elements are brought
together in a synergistic way. Object-oriented paogning is defined as a method of
implementation in which programs are organized asaperative collection of classes,

each of which represent an instance of some dabywhose classes are all members of
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a hierarchy of classes united via inheritance imahip. The Object-oriented

programming use objects as basic building blockserer each object is an instance of
some class, and classes are related to each otloeigh inheritance. There are some
concepts that are extensively used in Object-acegeprogramming like: Objects, classes,
abstraction, encapsulation, data hiding, inhergaowerloading, polymorphism, dynamic
binding, and message passing. The object-orientdtivare has series of layered
subsystems that encapsulate collaborating clagsesh of these system elements i.e.
subsystems and classes performs functions thatdephieve system requirements. It is
necessary to test an OO system at a variety adrdift levels to uncover errors that may
occur as classes collaborate with one another amdystems communicate across

architectural layers.

Testing object-oriented ta@fre with the features of inheritance and
polymorphism presents new technical challengesttier testers. Thus object-oriented
software needs different tactics for testing sofewaffectively during all phases of a
development effort. Testing OO program begins whitn review of analysis and design
models. Once code has been generated, OO teswmngsha the small with a series of
tests designed to exercise class operations amdiexavhether errors exists as one class
collaborates with other classes. As classes aegrated to form a subsystem, use-based
testing, along with fault based testing approachss,applied to fully exercise
collaborating classes. Finally, use-cases are usedncover errors at the software
validation level. Object-Oriented testing focusesdesigning appropriate sequences of
operations to exercise the states of a class.

1.8 UML Based Testing

Software testing is a widely used and acceptedoagpr for verification
and validation of a software system, and it camdgarded as the ultimate review of its
specification, design, and implementation. Testiagapplied to generate modes of
operation on the final product that show whetheiisitconforming to its original
requirements specification, and to support theidente in its safe and correct operation
[7, 8]. Appropriate testing should be primarily tened on requirements and specification

not on code, which means that testing should alveatysto show conformance or non-



conformance of the final software product with someguirements or specification
documents. Source code provides a great deal ofmmation to guide the testing efforts
according to testing criteria [3], but it cannopleee specification documents as a basis
for testing. This is because code is a concreteeseptation of abstract requirements and
design documents, and testing is supposed to shmviorenance of the concrete
implementation with the abstract specificationsstifg based merely on source code
documents shows that the tested program does wihad$, but not what it is supposed to
do. Due to this UML diagrams are used for test cgseeration

The Unified Modeling LangedUML is a general-purpose visual
modeling language that is used to specify, viseakonstruct, and document the artifacts
of a software system. It captures decisions anestahding about systems that must be
constructed. It is used to understand, design, $epwonfigure, maintain, and control
information about such systems. It is intendedUse with all development methods,
lifecycle stages, application domains, and medle Unified Modeling Language has
received much attention from academic software resgging research and professional
software development organizations. It has almesbine a de-facto industry standard in
recent years for the specification and the desfgsofiware systems. Due to this reason
UML diagrams can be used for testing. This typ#esfing comes under the category of
gray-box testing. Testing activities that are basedJML models, or use models, are
becoming increasingly popular. There are numberpoblications that have been
emerging over the last few years [9-13], that aased on UML models. UML models
represent specification documents which provideideal bases for deriving tests and
developing testing environments. A test always iregusome specification, or at least a
description or documentation of what the testedtyershould be, or how it should
behave. Testing that is not based on a specifitasientirely meaningless. Even code-
based, or so-called white box testing techniquest initially only concentrate on the
structure of the code, are based on some spemincdthe code is used only as a basis to
define input parameter settings that lead to thei@ge of distinct code artifacts. Models
are even more valuable if UML tools that suppotbeatic test case generation are used.
The technique used to derive test cases from UMigrdims is called Model based

testing.



1.8.1 Model Based Testing

Model-Based Testing withe tlUML is concerned with deriving test
information out of UML models. In other words, tmeodels provide the primary
information for developing the test cases and $estes, and for checking the final
implementation of a system.

The most fundamental ddfere between traditional and more modern
model-based approaches is probably the type oftiongaupon which testing is based.
Traditionally, test cases have been derived fromy abstract specifications, based on
natural language at one extreme of the notatioestgpm, and from the source code at
the other extreme of this spectrum. Natural languiagnot very suitable as a basis for
testing since it is not formal enough to deriverafjuired testing artifacts. Source code is
not really valuable any more if component-basedetiggment has been considered.
Component-based development will not allow to latkthe implementations of most
components. Models on the other hand are extrenssful for deriving all kinds of test
artifacts at all levels of decomposition and alwdiom, and they support all test
development phases well.

The UML provides diagramecarding to the different views that a
system has. These views can be separated intovigserand architectural view, which
may be further subdivided into structural view dmehavioral view, implementation
view, and environmental view. These views can ls®@ated with the different diagram
types of the UML. The user view is typically reprated by the use case diagram, and
the structural view by class and object diagranegiugnce, collaboration, statechart, and
activity diagrams can be associated with the foneti and behavioral views on a system,
and component and deployment diagrams specify these-grained structure and
organization of the system in the environment incwht will be deployed. In essence,
UML diagrams specify what a system should do, hoghould behave, and how it will
be realized. The entirety of all UML models therefgpecifies the system completely

and sufficiently.
1.9 Motivation & Objective

Test cases are usually ggad from the requirement or the code while

the design is seldom concerned; the present warkgses an approach to generate test
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cases directly from UML Class diagram, Sequencgrdia, and Statechart diagram
using gray-box method, where the design is reusedvbid the cost of test model
creation. Individual diagram can be used for testecgeneration i.e. class diagram or
Statechart diagram or Sequence diagram. Test gasesated from individual diagram
depends only on one view, like class diagram reprssstatic view. Test cases generated
from class diagram represent static view of tesesanly. In present work test cases are
generated from combination of class diagram, serpietiagram, statechart diagram.
Combining different views to generate test caseserpooduce concrete test cases than
individual view generated test cases. In presentkwdML design based automatic
testing is proposed with following objectives:
> To explore existing UML based test case generaéohniques.
» To analyze various UML diagrams for their suitdilriability to generate test
cases.
» To design and develop a new test case generatiomoagh which is based on
UML Class diagram, Sequence diagram, and Statedizatam.
» To develop a tool that generates test cases aut@ityatrom petal files/mdl files
of UML Class diagram, Sequence diagram, and Statedragrams.
1.10 Organization of Thesis
This report is dividedargix chapters. Chapter 1 gives brief introduction
about testing, object oriented testing, UML deslmpsed testing. Objectives of the
proposed work are also considered here. Chapteve® (jterature review where work
related to class diagram, sequence diagram, statedmgram has been discussed.
Chapters 3 specify problem statement. This chapseusses what is there in old system
and what is new in proposed work. Chapter 4 gimésmation of proposed system. This
section explains methodology and design of proposgstem. Chapter 5 describes
working of a tool with the help an example and sk@xperimental results. An example
of SES/Student Enrolment System has been discussetpter 5 and results i.e. test
cases generated with the help of tool have beewrsho figures. Chapter 6 focuses on
conclusion and future scope.

10



Chapter 2
Literature Review

A literature review is a body of text that aimsreview the critical points of current
knowledge on a particular topic. Literature worgasling test case generation from class
diagram, sequence diagram and statechart diagramarisoned below.
2.1 Class Diagram Based Testing

The fundamental unit of abject-oriented program is a class. Class
testing comprises those activities associated wetiifying that the implementation of a
class corresponds exactly with the specificationtf@t class. If an implementation is
correct, then each of the class's instances sh@lidve properly. Class testing is roughly
analogous to unit testing in traditional testingpgasses and has many of the same
problems that traditional testing has been facldlgss testing must also address some
aspects of integration testing since each objefihete a level of scope in which many
methods interact around a set of instance attrsbute
2.1.1 Class Diagram Related Work

This has been assumedalwddss to be tested has a complete and correct
specification, and that it has been tested witlia@ tontext of the models. John D.
McGregor, David A. Sykes [14] presented a work émerate test cases on the basis of
class diagram. This has been assumed that thdispgon is expressed in a specification
language such as the Object Constraint Language/[@&]lor a natural language, and/or
as a state transition diagram. If more than onmn fof specification is used for a class, it
has been assumed that all forms are consistenthahdnformation may be taken from
whichever form is most useful as the basis for tgieg test cases for the class. They
developed test cases on the basis of class opgsaRoe condition and Post condition for
a particular operation is expressed in the formQ&L and test cases have been
generated. They also used an approach for the gxedrased testing of classes in an
inheritance hierarchy. They analyzed the inhecgamelationship from a testing
perspective to identify what needs to be testealsnbclass.

[5] Has presented workdmh®n generating test cases based on class.

They presented random test cases generation bas@dject oriented classes, in these
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test cases had been generated from combinatiopeyhtions of a class. They divided
operations in two parts, firstly those operatiomat tcan be used only once in class and
secondly those operations that can be used multiphes in a class. Applying
permutations on second type of operations and ugisigtype of operations singly test
cases had been generated. They also presentetibRengi Testing at Class Level. Three
types of partitioning is used: State based paniig, Attribute based partitioning,
Category based partitioning.

» State Based Partitioning: It categorizes classaifmers based on their ability to
change the state of the class. All operations¢hahges the state are called state
operations and those do not change the state ked nan state operations.

» Attribute based partitioning: It categorizes clapgrations based on the attributes
that they use. Operations are divided into threegraies: (1) Operations that use
a particular attribute, (2) Operations that moddy particular attribute, (3)
Operations that do not use a particular attribute.

» Category based partitioning: It categorizes clgssrations based on the generic
function that each performs. Operations are caiegmras: (1) Initialization
operations, (2) Computation operations, (3) Tertmmaoperations.

Kirani and Tsai [16] sugtgd “inter class test case generation” approach.
Like testing of individual classes, class collabiora testing can be accomplished by
applying random and partitioning methods, as wall szenario based testing and
behavioral testing. The approach for multiple clgssing or inter class testing is similar
to the approach used for partitioning testing dlividual classes. However, the test
sequence is expanded to include those operaticaisatie invoked via a message to
collaborating classes.
2.2 Sequence Diagram Based Testing

Sequence diagram along with collaboration diagrasmes under
Interaction modeling. It represents a combinatibdymamic and structural modeling. It
concentrates mainly on the dynamic interactiong/éen instances.

Sequence and collaboratiagrams are typical control flow diagrams,
although with slightly different foci. As the ternmteraction diagram implies, they

concentrate on control flow through multiple intetrag instances. For testing, the two
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diagram types they may be represented as abstmatrbtflow graphs that span multiple
entities. With that respect all typical traditiorantrol flow graph-based test coverage
criteria can be applied as outlined in [17]. Tmslides path and branch coverage criteria
as well as more exotic test case selection tecksiguch as round-trip scenario coverage
[18]. Since UML diagrams are always also more algstthan traditional control flow
graphs, the test targets may be more abstract.

2.2.1 Sequence Diagram Related Work

Philip Samuel, Rajib Malhda Sandeep Sahoo [19] presented a novel
testing methodology to test object-oriented sofeMaased on UML sequence diagrams.
This paper is based on dynamic slicing techniquee generates test cases automatically
from UML sequence diagrams. Firstly the messagedguan sequence diagrams were
identified and dynamic slices with respect to eachditional predicates were created.
The test data was generated with respect to the. I\ test adequacy criterion named
slice coverage criterion is also used to validdie test cases generated. This paper
approach achieves adequate test coverage withaluyumcreasing the number of test
cases. This paper also describes how dynamic glisinsed in testing.

Li Bao-Lin, Li Zhi-shu, IQing and Chen Yan Hong [20] presented a new
test cases generation approach that is based on &§#duence diagrams and Object
Constraint Language/OCL. In this approach, a teggesentation of sequence diagrams
is constructed. Firstly traversal of the constrddtee for selecting conditional predicates
from the sequence diagram is carried out. Thent- @&l precondition is described by
OCL. They transform the conditional predicates ba sequence diagram and apply
function minimization technique to generate thet t#gta. The generated test cases
achieve message paths coverage and constraiftugdtrtoverage of all objects which
relate to the message. Lastly, the results of @éxeets show that this method has a
better performance.

Monalisa Sarma, Debasismd{y Rajib Mall [21] presented a novel
approach of generating test cases from UML desiggrdms. Their approach consists of
transforming a UML sequence diagram into a gragle@¢dahe sequence diagram graph
and augmenting the SDG nodes with different infdromnecessary to compose test

vectors. These information are mined from use tasglates, class diagrams and data
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dictionary. The SDG is then traversed to geneegedases. The test cases thus generated
are suitable for system testing and to detectacten and scenario faults.

Binder identifies some tyaiproblems that may be discovered through
sequence diagram-based testing [18]:

* Incorrect or missing output.

» Action missing on external interface.

* Missing function/feature (interface) in a partidipg object.

» Correct message passed to the wrong object.

* Incorrect message passed to the right object.

* Message sent to destroyed object.

» Correct exception raised, but caught by the wrdnjgat.

* Incorrect exception raised to the right object.

» Deadlock.

* Performance.
2.3 Statechart Diagram Based Testing

The UML supports behavioral modeling through staéet diagrams

and activity diagrams. Statechart diagrams reptefiem behavior of an object by
specifying its responses to the receipt of eveStistecharts are typically used to describe
the behavior of class or component instances, Hmyt tan also be used to describe the
behavior of use cases, actors, or operations.

State-based testing coneg¢edron checking the correct implementation of
the component’s state model. The test case desigaded on the individual states and
the transitions between these states. In objeetitad or component based testing, any
type of testing is effectively state-based as sasrthe object or component exhibits
states, even if the tests are not obtained fronstdte model. In that instance, there is no
test case without the notion of a state or staesttion. In other words, pre and post
conditions of every single test case must consties and behavior.

2.3.1 Statechart Diagram Related Work

P. Samuel R. Mall A.K. Bothra [22] developed a Howeethod to

automatically generate test cases based on UMe statlels. They present an approach

in which, the control and data flow logic availalbethe UML state diagram to generate
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test data are exploited. The state machine graptraigersed and the conditional
predicates on every transition are selected. ThHeset conditional predicates are
transformed and function minimization techniqueyplied to generate test cases. They
present test data generation scheme which is &witgmatic and the generated test cases
satisfy transition path coverage criteria. The gatsel test cases can be used to test class
as well as cluster-level state-dependent behaviors.

Supaporn and Wanchai [@RJposed the automatic testing technique to
solve partially the testing process. This technigae automatically generate and select
test cases from UML statechart diagrams. Firsttgte8hart diagram is transformed into
intermediate diagram, called Testing Flow Graphplieitly identify flows of UML
statechart diagrams and enhance for testing. SBgoftdm TFG test cases were
generated using the testing criteria that is, tbeerage of the state and transition of
diagrams. Finally, the evaluation is performed gsimutation analysis to assess the fault
revealing power of our test cases.

Binder [18] presents a thaggh overview of state-based test case
generation, and he also proposes to use so-cdlé&zl reporter methods that effectively
access and report internal state information wheneavoked. He proposed the
following criteria for test case generation froratsthart diagram:

Piecewise Coverage Piecewise coverage concentrates on exercisinginatis
specification pieces, for example, coverage oktltes, all events, or all actions. These
techniques are not directly related to the strigctoirthe underlying state machine that
implements the behavior, so it is only incidentaffective at finding behavior faults. It
is possible to visit all states and miss some eventactions, or produce all actions
without visiting all states or accepting all events

Transition Coverage: Full transition coverage is achieved through a seste if every
specified transition in the state model is exertiaé least once. As a consequence, it
covers all states, all events, and all actionsnditeon coverage may be improved if every
specified transition sequence is exercised at l@ase; this is referred to as n-transition
coverage.

Round-trip Path Coverage: Round-trip path coverage is defined through theecage

of at least every defined sequence of specifiatsitians that begin and end in the same
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state. The shortest round-trip path is a transiti@ loops back on the same state. A test
suite that achieves full round-trip path coveragé weveal all incorrect or missing

event/action pairs.
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Chapter 3
Problem Statement
Problem statement descrites gap in the existing work and problem

formulation. The Gap in existing work shows, whae the limitations in the existing
work and which technique they have used. In problermulation, it has been given
appropriate solution to solve the existing probkemd suggested the novel work.

3.1 Gaps in Existing Work

3.1.1 Gap in Class Diagram’s Existing Work

IHA Practical Guide to Testing Object-Oriented Software” [14] test
cases has been generated on the basis of clasardiaging OCL, but the problem is that
these test cases have not been generated autdipa#dso test cases depend on class
diagram and OCL, thus test cases generated digtlhabout initial and final state of the
system. One more problem is that it is assumedhtibdels are consistent. If not, the test
case generation will result in error in most cases.

IfInter Class Test Case Generation’[5] test cases has been generated
on the basis of class collaboration diagram, betgioblem is that these test cases have
not been generated automatically. Another probkethat test cases have been generated
from only class diagram. Test cases generated areffective and not efficient as test
cases depend on only static view of system. Issumed that models are consistent. If
not, the test case generation will result in eimmomost cases. As test cases depends only
on class diagram.

3.1.2 Gap in Sequence Diagram’s Existing Work

IfUML Sequence Diagram Based Testing Using Slicing19] this
method concentrates on dynamic slice in sequeraggain and uses that slice to generate
test cases automatically from UML sequence diagrBut. these dynamic test cases

depend upon variable value and its change affdbtnespect to the message sequence.

IfTest Case automates Generation from UML Sequence i@gram
and OCL Expression” [20] Sequence diagram and Class Diagrams are ugggh&yate
test cases along with OCL, but the test cases gtteare not effective and efficient.

Test cases tell about class, operations, attribadias limits and objects. Where class,
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attributes, operations are taken from class diagdata limit from OCL and objects from
Sequence diagram. These test cases do not tell plaonditions and post conditions,
states of the system.

IfAutomatic Test Case Generation from UML Sequence agrams”
[21] sequence diagram is used to generate tess.césst cases generated shows input,
output, pre condition and post condition only. Ihpgtate and output state and
cardinalities related test cases are not shown.
3.1.3 Gap in Statechart Diagram’s Existing Work

In“Automatic Test Case Generation Using Unified Modehg
Language (UML) State Diagrams”[22] test cases has been generated on the basis of
transition path coverage. But the test cases getkdeals with initial state, final state
and test data only. These test cases are not féojet and effective as lot of
information like Pre condition, Post condition adldss related data is not present in
these test cases.

In “Automated-Generating Test Case Using UML Statechar

Diagrams” [23]. They generate test case using the testing critiegitais the coverage of
the state and transition of diagrargst cases generated depends on only transiti@hs an
guard conditions. Test cases do not tell aboutlrstate and final states of a transition.
Although test cases are automatically generatedshllitthese are not effective and
efficient. These test cases depends on only dynaspect of system, static aspect has
not been considered.

In “Testing Object-Oriented Systems. Models, Patterns and Tools” [18]
test cases generated depends on only transitiom @aterage criteria. Test cases
generated are efficient and effective, as this @ggr does not miss any transition. But
this work is not automated and also efficiency edttcase depends on only one UML

diagram Statechart diagram.

3.2 Problem Formulation
Generally testing is penied on coding part, which contains variables,
loops, executable statements, classes, functiansbis type of testing is quite tedious

because if executable statements or functions mbeu of loops or variables in a code
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have been changed then number of test cases wadlclange. Let a code has tioo
statements in it thus program has two predicatesiada control flow graph. According
to Basis Path Testing it has two predicates, thsisyiclomatic complexity will be three
and it has three independent paths. According ®sBaath Testing, test cases derived to
exercise the basis set are guaranteed to execetg sdatement in the program at least
once during testing. If a nefer statement is added to the code then number ofgarted
nodes in the control flow graph will be three. Ntvis code has cyclomatic complexity
four and has four independent paths. Its test caleslso increase. That means increase
in statements leads to rise in complexity, whicll affect the test plan and test case
structures.

Similar problem occurs in object oriented programgnimethodology, it
contains classes and functions. If class scopebeasn changed that means public,
private, protected or if a new class has been adgtdis inherited from or dependent
upon other classes then it is very difficult taskfihd which module is affected by this
change and what the affect on other modules is.\Jery difficult to identify test cases
required to fix this problem and also to know wleetthese test cases are optimal or not.
There are two solutions for this problem first daecoding review and second one is
model based testing of UML diagrams of system. @gdeview is performed manually
by individuals, but this is not very efficient methas each programmer has his own style
of coding. Another alternative is to perform dynarasting that means run software and
check behavior of software. But these proceduresmagdirectly focus on coding review
for finding errors or change effect. Coding reviewot much efficient method, which is
used in structured and object oriented approacha Bovel solution has been proposed
that is model based testing. In software developrincycle design part comes first
than coding or implementation part. Test case @eioer should be applied on design
rather than coding because a software design wec@u into code. So if problem occur
in design, then it can be corrected before codiigs results in error correction before
coding and errors do not propagate to next phabes [€ads to reduction of cost of
correcting errors after software is ready.

To perform model based itgst Unified Modeling Language is used.
UML has different design diagrams that are usedpecify the software behavior i.e.
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static and dynamic. UML diagram methodology is &aplonly on object-oriented
approach, not on structured approach. Many reseex@nd practitioners are working on
UML based testing. UML based testing is independ&ntode; it specifies general
behavior of software. This type of design can b&lgaeployed on any languages like
c++, java etc. UML design can be used to geneestiecases. UML deals with different
diagrams like class, sequence, activity, state tcheosmponent diagram, object,
collaboration diagram. All these diagrams can keslder testing.
Each diagram in UML desesbdifferent view, so test cases generated

from different diagram presents different test sasew. Different diagrams can be

combined and testing can be done on system. Brd #re some limitations like:

 UML is a graphical view of software. An automatedting performed on UML
design is difficult. Automated testing means auttbcasly generate test cases
from deign.

* How to combine three UML diagrams i.e. how inforioat from one UML
diagram can be passed to another UML diagram fmiexit test case generation.

* Finding static test cases and dynamic test cases fdML diagrams. UML
diagram has two-types of behavior i.e. static apdadhic. So finding static test
cases and dynamic test cases that are optimaisuolut

Above said problems areradsged in proposed work. In the proposed
system, test case generation has been performedrea diagrams i.e. class diagram,
sequence diagram and statechart diagram. Propgstinsfocus on these three diagrams
and with the help of combination of these diagram&ffective and better test cases have
been generated than previous approaches whichaaesl lon either single UML diagram
or two UML diagrams.

3.3 Justification

Lot of work has been domeWML diagram based testing. Most of the
work has been done on single UML diagram i.e.¢ases have been generated from only
one type of UML diagram at a time out of nine dags. Test cases generated by single
diagram covers only one aspect of UML, static aradgic. Some work has been done on

combination of two diagrams. Major work is based gmaphical parsing of UML
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diagrams which is very complex way. Proposed worterds this approach and use
combination of three diagrams to generate testsc&&eposed work is based on petal file
also called MDL File. Tool reads petal files of dbrdiagrams rather than graphical
parsing.

The proposed work has athge of generating test cases from UML
diagrams rather than code. Earlier code is usedetwerate test cases, but code that
contains loops, executable statements, variableshvahanges continually causes change
in the number of test cases. So coding reviewddas performed regularly to know all
the functions that are affected by this changes Thivery complex task. Also coding is
later phase in Software Development Life CyclethBre is any fault in initial phase of
development like requirement or design. It will ineltiplied and becomes very large in
count at the time of coding and testing. So a fogftort must be spent to correct that
fault or error. If in the initial phase of developnt, the error has been found then it will

not be multiplied. It leads to lesser cost anddetisne spent on fixing that errors.
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Chapter 4
Proposed System and Implementation
Generally test cases hasenbgenerated from individual UML diagram,

but the test cases generated by single diagramadrefficient and effective. These test
cases generated depend on single view. If combmati diagrams has been used then
test cases generated will be more efficient anecatfe as they will cover both static and
dynamic aspect of system. Thus the proposed sy$tmmses on the three UML
diagrams.

» Class Diagram

» Sequence Diagram

» Statechart Diagram

Various types of informatie@an be extracted from these diagrams to

generate test cases. For static information cleggams are used and for dynamic type
of information sequence and statechart diagramasee.
4.1 Test Case Information Extraction
4.1.1 Information Extracted From Class Diagram
Class diagram is used to get the following infororat-

* Classes

» Relationship between classes/Association

* Dependency

* Generalization/ Parent-child relationship

* Operations

Cardinality
» Attributes
4.1.2 Information Extracted From Sequence Diagram
Sequence diagram is used to get the following médion: -
» Object interaction i.e. messages sent to othercthje
* Pre-condition for a particular message.

» Post-condition for a particular message.
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4.1.3 Information Extracted From Statechart Diagram

Statechart diagram is used to get the followingnmiation: -

Initial state of a system
Final state of a system
Guard conditions

Transitions

4.1.4 Combination of class, sequence and statechdragrams

Combination of class, smaee and statechart diagrams means all the

required information from each diagram is extradtedenerate test cases for a particular

system.
4.2 Methodology

The major steps of metHody are given in fig 4.1. Following are the

major steps in prepared technique:

Input design Code Petal File:

The Petal file of class diagram is gias input to the developed tool.

Read petal file:

Petal file is read by the tool and string matchimgchanism is used to find a
pattern like class name, class attributes, clasdinality, class operations,
inheritance, dependency etc.

Is pattern found:

If pattern is found then it is entered to the quelse next pattern has been found.
Store it in a queue:

All patterns found are stored in a queue. Thereddferent queues for every
pattern like class name queue, class attributesejutass cardinality queue, class
operations queue, inheritance queue, dependencie cate.

Search for another pattern:

Tool searches for various patterns in petal fite. &ample ifttlass names found
thanclass namas it entered into the class name queue Elstags attributess
found tool enters it to the class attributes quselarly so on.

Is EOF (End of File):

Tool keeps on searching the patterns until EOEashed.

23



Create text file from queue and store text filelatabase:

When end of file is reached, the tool generatestéie file which contains all
information about class diagram in form of tuplekich can be entered to the
database easily using SQL *Loader. SQL *Loaderc@rébad data files feature,
loads all the data from the text file to the oratd¢abase.

Are all Petal files input:

After class diagram, Petal files of sequence diagemd statechart diagram are
entered to the tool and loop back to second stéipwnchart.

Retrieving strings to generate test cases:

There are tables present in the oracle databasehvdointains the information
from class diagram, sequence diagram, statechagtrain. From Netbeans IDE

tool fires queries written in java to generate testes.
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Fig 4.1 Flow Chart for Methodology Used

4.3 Description of Implementation
Draw class diagram andestaart diagram for a particular system using

Rational Rose. Class diagram has classes, whitlwrinhave operations and attributes.
For a particular operation of a class in a clasgmim, draw a sequence diagram. These

diagram’s petal files (mdl files) are given as ihpo the tool. First of all the class
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diagram’s petal file is entered to the tool. Fig dhows the Petal File of class diagram.
Red colored words are class name, orange colotegideare Dependency relation, blue
colored words are class attributes, dark red cdlererds are inheritance relationship and
green colored are class operations. Tool readpélad file line by line. It tokenizes the

line into words and then matches the string with phattern to find the class name, class

attributes, class cardinality, class operationseiitance, and dependency.

nozagien  Muniti=d®)
rooct usecase package (object Class Category "Use Case View"
quid "3%c8260C00DE"
expertCentrel "Public"
glekal TRUE
logical medels (list unit reference list
(kect Class "erapn'—— - Class name
quid "4BF3TFEAQ000"
used ncdes (list uses relationship list
Dependency
quid "4BF3530001C5" :
T — T " F.elationship
supplier Use Case View::Addresses
quidu "4BF3B1CE00DR") )
class attributes (list class attribute list
Clags Aftribute
quid "4BF3800C0290")
(chject Classittribute "phoneMumber"
quid "4BF3B00F033C")
(chject Classittribute "emailAddress"
quid "4RF3R01800BB") } )
(ckhject Class "Student"
quid "4BF3808B0261"
superclasses (list inheritance relationship list . .
(chject Inheritance Relaticnship Inherttance Relationship
quid "4BF3819D004E"
supplier "Use Case View::Perscn"
gquidu "4BF3ITFEAO000") )
cperaticns (list Cperaticns
( Class Operation
quid "4BF381130196"
CONCUrTency "Sequential"
opExportControl  "Public"
uid 0)
(chject Operaticn "getRegistered"
qufid "4BF35609802CE"

Fig 4.2 Petal File of Class Diagram
When class name is founeriters it to the queue named class name
gueue and searches for another pattern i.e. iibld#s, its operations, its inheritance

classes, its dependency, its cardinality and estiyg is entered to queue of a particular
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type. There are 6 queues for class diagram Pigabme for class name, attributes,
operations, inheritance classes, dependency, addhakty. Tool keeps on reading the
file and searching the pattern until EOF (End déFiAs EOF is reached, two text files
are generated by tool that contains informatiommfrdass diagram. First one contains
information about class name, class attributessctgerations, inheritance, dependency
and second one contains class cardinality infoonatiSimilarly the Petal files of
sequence diagram and statechart diagram are re#tieltpol. From sequence diagram
Pre-conditions, Post-conditions and messages senthér objects are searched by the
tool, and from statechart diagram initial stateafistate, guard conditions are searched
by the tool. Once searching is over all the datdé@form of text file is generated by the
tool. Text file of sequence diagram contains infation in the form of tuples as Pre-
condition, Post-conditions and messages. Text dilestatechart diagram contains
information in the form of tuples as guard condispinitial state, and final state. Now
tables are created in Oracle. The sql to create fabclass data is shown in fig 4.3, and
for class cardinality data is shown in fig 4.4, $amy SQL to create table for sequence
diagram and statechart diagram is shown in figeshéb 4.6.

create table class1(
Classname VARCHAR(20),
Operation VARCHAR(20),
Attribute  VARCHAR(20),
Dependency VARCHAR(20),
Inheritance VARCHAR(20));

Fig 4.3 SQL to Create Table for Class Data
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create table classassociation2(
Classname VARCHAR(20),
cardinality VARCHAR(10),
Associationclass VARCHAR(20),
Ass_cardinality VARCHAR(21));

Fig 4.4 SQL to Create Table for Class Cardinality [ta

create table sequencel(
Precondition VARCHAR(250),
Testsequence  VARCHAR(200),
Postcondition VARCHAR(250));

Fig 4.5 SQL to Create Table for Sequence Diagram

create table statechartl(
Transition VARCHAR(200),
InitialState = VARCHAR(50),
FinalState VARCHAR(50));

Fig 4.6 SQL to Create Table for Statechart Diagram

Data from text file is erg¢d to the tool with the help of SQL *Loader
[24]. In order to enter the data from text file@uacle database Dat and control files are
created. Dat file is nothing but text file genedateom tool with the extension of .dat and
control file is a text file written in a languadeat SQL*Loader understands. The control
file tells SQL*Loader where to find the data, how garse and interpret the data, and

where to insert the data. Fig 4.7 shows the syotaontrol file.
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LOAD DATA
INFILE 'C:\Documents and Settings\Rohin\Desktop\clasresult.dat'
APPEND INTO TABLE class1
FIELDS TERMINATED BY","
(Classname,Operation,Attribute,Dependency,Inheritace)

Fig 4.7 Control file syntax used in Oracle

All the data from class gtiam, sequence diagram, Statechart diagram is
entered to the Oracle database using dat filescanttol files. With the help of JDBC
java is connected to Oracle database and queedsed from java on different tables to
extract the data and to generate the test casesscraen shoots of tool is shown in fig
4.8 below:

® combined3 - NetBeans D 6,8

Fle Edt Vew Navigate Sowce Refactor Run Debug Profle Team Tools Window Help

AEES D@ e TH IR G- D00BEEEYS

Projects 4 % ‘Files Seryices Sart Page xI@Mam‘]ava xI@Main.]ava x{@Main.iava x@Ma\n‘iava x[@ Mainjava x IIZIE]@

o
g
85 & destestt RE-B QaFT #L7 Ev @@ &=
2 =z ElE]
& & dasstest2 330 Hain test = new Hain(]; A
@ @ classtest 332 Main resting = new Main(); ) |
& cnbined! 333 Main testingl = new Main();
{5 combined? 334
 conbreds 335 int thoice;
& Deshtaphpplation! 336 gystem, out.princln("select Tour choice:"))
& Javatopleationt | 337 System. out.printin("C/e = Test Cases For class diagram ");
& Javabppicationts 33 gystemn, out.princln("s/a= Test cases For Sequence and statechart diagran”);
& testingl 339 System. out.printn("p/F = Stste based partitioning test cases");
& testing? 340 gystem. out. princln("0/o = L1 operations of class=s");
& testingz 341 System.out.printin("i/a = L1l attributes of classes");
& testigt 342 System, out. pring ("Choice-——-2");
343 System. out.flushi);
344 BufferedReader br = new BufferedReader (new Input3tresmBeader (3ystew,in));
345 tryi
346 choiee=(int) br.read();
347 sviteh(choice) -
348 { =)
main - Navigator x| 349 case 'C' @
Members Yiew v | 350 ease 'c' ¢ test.doit();
B-&) Main sl hreak: v
0 i) Output ¥ %|:Tasks Variables
-0 dit] |1 combined3 {debug) x Debugger Console x
-+ main(string[] args) debug: A
S0 e B2 Have no FileObjeet for C:\Program Files\Javaljdil.6.0_07\jre\Lib\swnrsasion. jar
Have no Filelbject for C:\Progrem Files\Javaljdel.6.0_07\jre)classes
Select Your choice:
C/o = Test Cases For class disgram
§/5= Test cases For Semence and statechart diagrem
/P = Stste based partitioning test cases
0/o = ALL operatioms of classes
A/a = ALl ettributes of classes
Choige---->|
(0)% &l e v

O Breakpainks

mmh\nedﬂ(dehug)\ﬂ @ 5|1 [N

'—"_"] chapter 4 [Compatibil.. / 50

Fig 4.8 Screen Shot of Tool to Generate Test Cases
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: Qutput ¥ x|:Tasks
combined3 {debug) = | pebugger Console =

[] debnag:

%& Hawe no FileObject for C:hWProgram Files‘\Javaljdkl.e.0_07%jretwlibhsunrsasign.jar
Hawve no FileObject for C:hWProgram FileshJava'\jdkl.c.0_07\jre‘\classes
Select Your choice:
Cfc = Test Cases For class diagram
5f=s= Test cases For Sedquence and statechart diagram
psP = Btste based partitioning test cases
Ofo = A1l operations of classes
Afa = All attributes of classes
Choice----=>

Fig 4.9 User Interface for Output
There are 5 options intbel. C/c is pressed to generate test cases from
class diagram. S/s is pressed to generate tes frase combination of sequence diagram
and state chart diagram. P/p is pressed to genstate based partitioning test cases. O/o
is pressed to know all operations of class diageard A/a is pressed to know all

attributes of class diagram.
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Chapter 5
Experimental Results

5.1 An Example of SES (Student Enrollment System)d Test Tool

The tool developed has bested with the help of an example of Student
Enroliment System (SES). The class diagram for BEhown in Fig 5.1 this represents
the static view of the system now each operatittnpate, association in class can be
used to derive test cases. A single class in & dagram can be used to derive test
cases. Similarly Statechart Diagram for whole systan be drawn as shown in Fig 5.2

and test cases can be derived by covering allsstate events, all actions and guard

conditions.
Addresses
Ferson & streat string
&nare : string ity : string
phoneMumber : integerf— & state : string
&ermailAddress © string & postalCode ; integer
& courtry : string

Syalidate()
®outputAslabel()

Student Professar

Bystudentia. | integer
&averageMark : integer

&psalary - integer

%checkEligibility| 1.*

‘isEIigtheToEnrDIIO course

SetRegistered()
’getSeminarsTakenU
1

@name : string
ees : integer
courseMumber ; string

nstructs

0.1

on Waiting List offering | ®provideFullbame()

anoliad seminar
- 1
z &nare : string 0.+
1. |&seminaro. : string
Efees integer
| in

— "t 1| ®addStudent()
nrofimen SdropStudert)

&rmarksReceived : integer

‘getﬁwerag eToDate()
getFinalMarks()

Fig 5.1 Class diagram for SES
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Start

Browse web

Active
St Browse Page

. [ home: page available and
browser responding |/ brows ng()

WebBrowsing
Register Student

[ user narrie iz available and
uger name » B letters and
password = B letters |/

yetRegistered), walidatel),

outPutAsLabel)

Attend serminar

Register Student

if [ e page not aealable and browser esponding |
ele 1| browser not respondng |

else | user name already exists |

else | user name <6 letters |

else [ password < 6 letters |

Cluse Winduw

MotRegistered

Cancelled

Maintenance

Cancelled dropStudent])

] getSeminarTaken(), S e
getFinalbarks(),
netverageToDate])

Erraoll Studert
[ elligibilty |/ isElligibleToEnroll),
checkEligibility(), add3tudent(),
provideF ulliarme()

Fig 5.2 Statechart Diagram for Overall System

A novelty in proposed waskhat single operation in a class is used along
with its sequence diagram and state chart diagramverall system to generate test
cases. As in this example, the class student ha®peration getRegistered() is used and
corresponding to that operation one sequenceatiapas been drawn shown in Fig 5.3.
Now sequence and state diagram’s petal file far dipieration is used to give test cases as
shown in Table 5.1. Test cases have been genendtiedhe help of stored strings in
Oracle database in the form of tables. In datatlseable of sequence diagram has
following columns Pre condition, Test Sequence,tRmsdition shown in Fig 5.4.
Preconditions and postconditions in sequence diadpae been given in documentation
of each particular message of sequence diagramn@oPrecondition and Post condition
in sequence diagram represents pre condition asidgoadition from sequence diagram.

Test sequence column in sequence diagram is nabhihg message from one object to
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‘ w ‘ ‘ m ‘ eaistationBacs ‘ “

responding ] ‘ ‘

browse_home_page

.
g< abort
|
\

[ browser not

L

browse_home_page ‘ ‘ ‘

/Lr‘ request_home_page
abort [ home page not available and
~— browser responding ]
browse_home_page ‘ ‘ ‘

request_home_page | [ browser resronding and home page available ] ‘

‘ response

|
‘select_registration_page? ‘ ‘ ‘

re‘questing_registration_page ‘ ‘

ask_user_to_sign_up

[ user name Lready exists | ‘

[ user name not > 6 letters ]

> 6 letters ] ‘

user_sign_up

6774‘»%07“7

T user_s|

abort

ign_up

(-] user_sign_up

abort
Pa— QF —

[ password not

1

i [ not having login and user name > 6 letters
user_sfign_up and pasgsword > 6 letters ]
I

‘ new_page 5 aStudent ‘
‘ ‘ Dprepare_and_initalize ? ‘

‘ ‘ ‘ ‘createﬁnewﬁstudent ID‘ ‘

‘ ‘ ‘ u get_registration_i |nf/Lﬁ

sy Ly

't studentﬁregistratian

‘ ‘ HJ return
return_registration_data_and_student_ID >k

retu rn_data

eturn reglstratlon daté'] ‘

Fig 5.3 Sequence Diagram for Operation getRegisteié
Table 5.1 Test Cases Generated from Statechart & §aence Diagram for
Operation getRegistered()
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Sr Initial State  Pre-condition Test Post- Final State
No. Sequence condition
1 webBrowsing Browser not browse Abort Not registered
responding home page
2 webBrowsing Home page not  browse Abort Not registered
available home page
and
browser
responding
3 webBrowsing Home page browse Response  WebBrowsing
available home page
and
browser
responding
4 webBrowsing user name already user sign up Abort Not registered
exists
5 webBrowsing user name < 6  user sign ug Abort Not registered
letters
6 webBrowsing password < 6 user sign up Abort Not registered
letters
7 webBrowsing user name is user sign ug Return registered
available Student ID
and And
user name > 6 registration
letters data
and

password > 6
letters

browser not rezponding

PRECONDITION

home page net available and browszer rezponding

uger name already sxizis

user name < § letters

pazzword < & letters

u=zer name iz available and user name >

home page available and brows=er rezpoending

§ letters and pazsword = 5 letters

TESTSEQUENCE POSTCONDITION

browse home_page abort
browse home_page abort
browse_home_page rezponze
uSer_gign_up Abort
user_sign_up Abort
user_sign_up Abort

user_sign_up Student ID and registration data

Fig 5.4 Database of Sequence Diagram
another in a sequence diagram. Table of statechagram has following columns

Transition, initial state, final state as shownfig5.5. In statechart diagram column

transition contains the guard condition of eacinditgon. Column initial state and final

state contains information of initial state andafistate of a particular transition. Test

cases have been generated using inner join of &vled sequence diagram table and
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statechart diagram table. Precondition column iquseace diagram table Fig 5.4 is
similar to Transition column in statechart diagrign5.5, thus inner join query is used to
generate test cases from sequence diagram andhstdtdiagram. All the data from two
tables are picked to generate test cases.

Similarly test cases arewdsl for other operations in class diagram. Now
class diagram has been combined to generate mteetied test cases. Every class
diagram hasuses (dependency),inheritance and association relationships. These
relationships are used now to generate test cAseshown in Fig 5.1, a claggerson
depends on a classldresseso any test case derived for clasklressess also used in
class person for testing. Similarly classtudentand classprofessor has inheritance
relationship with clasperson so all test cases derived for operations of g@ssonis
used as such in all child classes for testing atlddses, also if there is any other method
in child class or there exists any method in paotsits that is overridden in child class
then it is needed to derive test cases for thahoaetoo.
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TRANSITION

u=er name iz available and uzer name = § letters and pazzword = 6 Ietters

getRegiztered

validate

cutPut&zlabel

home page available and brows=er rezponding
browsing

home page not available and brows=er rezponding
browser not rezponding

uzer name already existz

uzer name < § letters

pazzword < § letters

getSeminarTaken

getFinalarks

getaverageToDate

elligibility

izElligitlsToEnroll

checkEligibility

addStudent

provideFullName

dropStudent

INITIALSTATE

WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing
WebBrowsing

WebBrowsing

Regiztersd
Regiztersd
Regizter=d
Seminarattending
Seminarattending
SeminarAttending
Seminarattending
SeminarAttending

Seminarattending

Fig 5.5 Database of Statechart Diagram
Fig 5.6 and Fig 5.7 shows database tables extrdated class diagram. There are two

FINALSTATE
-Active:Regiztered
-Active:Regiztered
-Active:Regiztered
-Active:Regiztered
-ActiveWWebBrowszing
Active:WebBrowsing
-Active:MotRegiztered
-Active:MotRegiztered
-Active:MotRegiztered
-Active:MotRegiztered
-Active:MotRegiztered
-Active:Seminarattending
-Active:SeminarAttending
-Active:Seminarattending
:Active:Enrolled
-Active Enrolied
:ActiveEnrolled
-Active Enrolied
:ActiveEnrolled

SUNNAMEDSE

tables for class diagram first one contains infdroma about Classname, Operation,

Attribute, Dependency, and Inheritance and secoondtans the information of

cardinalities of class and associated class. Cibsgram’s database table contains

columns Classname, Operation, Attribute, Dependemey Inheritance. There is

another table for association of class diagramse Tdble for association contains

columns Classname, Cardinality, Associationclass, Aardinality.
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CLASSNAME OPERATION ATTRIBUTE DEPEMDENCY INHERITAMNCE
Perzon null name Addrezzes null
Perzon null phoneMumber null null
Perzon null smaildddress null null
Student i=zEligibleToEnroll studentMo. null Perzon
Student getRegistered averageMark null null
Student getSeminarsTaken null null null
Profezzor checkEligikility zalary null Perzon
Lddrezses validats ztrest null null
Addrezzesz ocutputézlabel city’ null null
Addrezses null =tate null null
Addrezzesz null po=talCode’ null null
Addrezzesz null country null null
Enroliment getAverageToDate markzReceived null null
Enroliment getFinalMarks null null null
=eminar addStudent nams null null
seminar dropStudent seminario. null null
seminar null fees null null
Courge provideFullMame nams null null
course null fees null null
course null courselumber null null

CLASSNAME

Fig 5.6 Database of Class Diagram

CARDINALITY

ASS0OCIATIONCLASS

Enrolment 1.% Student 1

Student 1 Enroliment il
zeminar 1 Enroliment il
Enrolment 1.% zeminar 1

zeminar 0.1 Profes=zor il
Professor 1.2 seminar 0.1
seminar 1.2 Student 0.=
Student 0. geminar 1.
Course 1 seminar 0.=
sEminar 0. COUrse 1

ASS5_CARDINALITY

Fig 5.7 Database of Class Association Data
Older test cases of paotedgs will not apply in this case where a method

is overridden in child class or for a new methodahiid class. In class diagram each class
has associations with other classes and cardinalissociated with each association.

Cardinality also helps in deriving test cases. iffaning testing at class level helps to
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derive test cases from class diagram by partitgptiie operations into specific partitions.
In this example, class diagram has class studehast operations isEligibleToEnroll,
getRegistered and getSeminarsTaken, browsing. Bésted partitioning can be done to
derive test cases as shown in table 5.2 below.

Table 5.2 Test Cases for Class®&lent

Test Case No. Operations

1 getRegistered, getSeminarsTaken, isEligibleToEnroll
2 browsing

It is state based paming, here those operations that change the state
will be treated in state operations and those d¢p&sthat do not change the state will be
treated in non state operations. Operation isB&gibEnroll will change the state from
Seminar Attending to Enrolled and getRegisteredl wihange the state from
webBrowsing state to registered state, getSemia&esT will change the state from
Registered to Attending Seminar as shown in Fig BU operation browsing will not
change the state. Test cases derived are showabile 5.2. Test case 1 will change the
state of system but test case no.2 will not chdhgestate. These operations have further
test cases derived from sequence diagram for acylart operation and statechart
diagram of overall system. Those test cases carsée to see whether test cases of these

operations will change the state of system or not.
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5.2 Results

The test cases generated by the tool bege shown in the figure below.

=

- Duktpuk ¥ = :Tasks

b

%%

combined3 {debug) = | Debugger Console =

debnag:

Hawe no FileObject for CohPrograwm FileshJawahjdkl. .S 0_07%jrehlibihsunrsasign. jar
Hawe no FileObject for CoZProgram FileshJawahjdkl. & 0 _07%Wjrehclasses

Belect Your choice:

Csfc = Test Cases For class diagram

Sf== Test cases For Secuence and statechart diagram

psP = EBtste based partitioning test cases
Ofoc = All operations of classes

Lya = 11 attributes of clas=ses
Choice—-—-—--=>cC

Test Cases on the basis of inheritance relation between classes
Test Case: 1

Parent class: "Person'

Child class: "Student"

Test Case: Z
Parent class: "Person'"
Child class: "Professor"

Test Cases on the basis of dependency relation between classes
Test Case: 1
Class: "Person'"

Depend=s on class: "Addresses"

Test Case: 1

Class name: "Enrollment"

Class cardinalitwsy: 1. _*
ASZEOCIATIOMNCLAZSE: Studentc"
ASSOCIATIONCLASS's Cardinalitw:l

Fig 5.8 Test Case Generation Based on Inheritanca@ Dependency Relation

Test cases basedntreritancerelation between classes shows which one

is parent class and which one is child class. Tasés generated for operation of parent

class can be applied on child class if child cldsgs not override that operation.

Similarly for dependencyelationship all test cases derived for a parsicoperation of a

class can be applied to dependent class.
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: Dutput ¥ x :Tasks
[17 | combineds {debug) = Debugger Consale =

%% Test Case: 1
Class name: "Enrollment"
Class cardinality: 1._%*
AZZOCIATIONCLASS: Student”
AZZOCIATIONCLASS's Cardinality:l

Test case for class cardinality:
Cardinality < 1

Test Case: E

Class name: "Student"

Class cardinality: 1
AZZ0CIATIONCLAZS: Enrollment"
AZSOCIATIOMCLASS's Cardinality:-l..*

Test case for class cardinality:
Cardinality < 1 and Cardinality =1

Test Case: 32

Class name: "seminar"

Class cardinality: 1
AZSO0CIATIONCLASS: Enrollment"
ASSOCIATIOMNCLASS's Cardinality:-l..*

Test case for class cardinality:

Cardinality < 1 and Cardinality =1
Test Case: 4
Class name: "Enrollment"

Class cardinality: 1..7*
ASSOCIATIONCLASS: =zeminar"

Fig 5.9 Test Case Generation Based on Class Cardiitya
Above test cases argvdd on the basis of class cardinality. Class

name and class cardinality shows a name of thes @ad its cardinality. Association
class and association class cardinality shows raineéass and its cardinality which is

associated with above stated class.
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: Dutput 5 = :Tasks
[ | combineds (debug) Debugger Console =

)

1]

o

TEST CABE:1

DRECONDITION: wuser name is available and user name = & letters and password > & letters
INITIAL S2TATE: "WebBrowsihng"

TEST ZEQUENCE: "user_ sign up"

POST CONDITION: Student ID and registration data

FINAL STATE: ":Active:Pegistered"

TEST CABE:Z

DRECONDITION: home page available and browser responding
INITIAL 2TATE: "WebBrowsing"

TEST ZEQUENCE: "browse_home page"

POST CONDITIOM: response

FINAL STATE: ":Active:WebBrowsing"

TEST CABE:Z

DRECONDITION: home page not available and browser responding
INITIAL 2TATE: "WebBrowsing"

TEST ZEQUENCE: "browse_home page"

POST CONDITION: abort

FINAL STATE: ":Active:MNotRegistered"

TEST CABE:4

PRECONDITION: browser not responding
INITIAL STATE: "WebBrowsing"

TEST SEQUENCE: "browse_home_ page"
POST CONDITION: abort

FINAL STATE: ":Active:MNotRegistered"

TEST CABE:&

DPRECONDITION: wuser name already exists
INITIAL STATE: "WebBrowsing"

TEST SEQUENCE: "user_ sign_ up"

POST CONDITION: Abort

FINAL STATE: ":Active:MNotRegistered"

Fig 5.10 Sequence and Statechart Diagram Based T&xise Generation
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: Outpuk ¥ x :Tasks
[ | combineds {debug) = Debugger Console x

OPERATION: walidate
%% INITIAL STATE: "WebErowsing"
FINAL STATE: ":Active:PRegistered"

TEET CASE:3

OPERATION: getFinallMarks

INITIAL STATE: "Registered"

FINAL S2TATE: ":Active:feminarittending"

TEST CASE:4

OPERATION: gethwerageTolate

INITIAL STATE: "Registered"

FINAL STATE: ":Active:Seminarittending"

TEET CASE:E

OPERATION: checkEligibility
INITIAL STATE: "Seminarittending"
FINAL STATE: ":Active:Enrolled"

TEET CASE:&

OPEPATION: additudent

INITIAL STATE: "Seminardttending"
FINAL STATE: ":Active:Enrolled"

TEST CASE:7

OPERATION: provideFullName
INITIAL STATE: "Seminarittending"
FINAL STATE: ":Actiwe:Enrolled"

TEET CASE:2

OPEPATION: dropStudent

INITIAL STATE: "Seminarittending"
FINAL STATE: "F;UNMAMED:1"

EUILD ATUCCESSFUL (total time: 7 seconds)

I
Fig 5.11 State Partitioning Based Test Cases

Fig 5.12 represents state based partitioning tasesc It describes all
operations, their initial state and their finaltstaOperations that change their state are
said state operations and operations that do nahgeh state are called non state
operations. First test cases are generated fdhadle operations that change state and
second for all those operations that do not chimngestate.

It is clear from the abdigures that the test cases generated by the tool
are better than the test cases discussed in adixiseng work. These test cases are more

efficient and effective than the test cases diszliss

42



In A Practical Guide to Testing Object-Oriented Softwae” [14] test
cases has been generated on the basis of clasardiaging OCL, but the problem is that
these test cases have not been generated autdimatidso test cases depend on class
diagram and OCL, thus test cases generated dittthabout initial and final state of the
system. One more problem is that it is assumedhtibdels are consistent. If not, the test
case generation will result in error in most cag&esent work uses combination of
diagrams thus any loss in consistency in one dmagran be recovered from combining
three UML diagrams Class, Sequence and Statechagradhs. Present work
automatically generates test cases and test ca®sgs gnitial state, final state, pre
condition, post condition and test sequence.

IfInter Class Test Case Generatioi [5] test cases has been generated
on the basis of class collaboration diagram, betgioblem is that these test cases have
not been generated automatically. Another probkethat test cases have been generated
from only class diagram. So test cases depend bnstetic view of system. Another
problem is that it is assumed that model/Classrdiagis consistent; if model is not
consistent then test case generation will resudtiiar in most cases. Present work solves
this problem, it generates test cases automaticaily using combination of UML
diagrams consistency problem is also solved.

IfTest Case automates Generation from UML Sequenceiabjram
and OCL Expression”[20] Sequence diagram and Class Diagrams are usgeherate
test cases along with OCL, but the test cases gtkertell about class, operations,
attributes, data limits and objects. Where claigbates, operations are taken from class
diagram, data limit from OCL and objects from Setpeediagram. These test cases do
not tell about the changing states of the systemdicality related test cases, inheritance
and dependency related test cases. These probtersslaed in present work.

fMutomatic Test Case Generation from UML Sequence agrams”

[21] sequence diagram is used to generate tess.césst cases generated shows input,
output, pre condition and post condition only. Ihmtate and output state and
cardinalities related test cases are not showsseRtevork shows input state, output state,
class cardinalities related test cases and stafiéiqgrang based test cases.
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In“Automatic Test Case Generation Using Unified Modehg
Language (UML) State Diagrams”[22] test cases has been generated on the basis of
transition path coverage. But the test cases getkdeals with initial state, final state
and test data only. Information like Pre conditiBost condition and class related data is
not present in these test cases. Present workadsees on transition path coverage but
it also shows initial state, final state, pre coiodi, post condition and test sequence.
More over class cardinality related test casesks@shown.

In “Automated-Generating Test Case Using UML Statechar
Diagrams” [23]. They generate test case using the testing critiegiais the coverage of
the state and transition of diagrargst cases generated depends on only transiti@hs an
guard conditions. Test cases do not tell aboutlrstate and final states of a transition.
Although test cases are automatically generatedtimge test cases depend on only
dynamic aspect of system, static aspect has notdmesidered.

I Testing Object-Oriented Systems. Models, Patterns and Tools” [18]
test cases generated depends on only transitibngo&erage criteria, as this approach
does not miss any transition. But this work is aotomated and also efficiency of test
case depends on only one UML diagram Statechagtatia Present work is automated.
It generates test cases automatically and moreistens due to combination of three
UML diagrams.

In present work test casase been generated with the combination of
three UML diagrams i.e. Class diagram, Sequenagratia and Statechart diagram. Each
diagram presents a different view Class diagramgmts design view, Sequence diagram
and Statechart diagram presents implementation.\dthe test cases generated with
the combination of different views is more effeetiand efficient than all later discussed

work.
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Chapter 6
Conclusions and Future Scope

To perform model baseditgsta language is needed that can deal with
the design efficiently i.e. Unified Modeling Langyea UML consists of different types of
diagrams that are used to specify the static amérmic behavior of the software. UML
diagram methodology is applied on object-orientgpraach, not on structured approach.
In the proposed system test cases have been gahé@n three diagrams class diagram,
statechart diagram and sequence diagram. Propgstens focuses on these three
diagrams, with the help of these diagrams tool foach out effective and efficient test
cases and perform better testing than existingaggpes. Class diagram based testing
solves the problem of static test cases with autednenethod; sequence diagram and
statechart diagram based test case generationambpsenlves the problem of dynamic
test cases.

The proposed work is diddénto several modules that perform
automated test case generation on UML models. Todules are Petal file reader, SQL
*Loader and Test case retrieval. Petal file readedule—this module reads the petal
files of class diagram, statechart diagram and esezpl diagram. Then tool creates the
text files which contain the information extractedm class diagram, statechart diagram
and sequence diagram. SQL *Loader—It is used t@ st data into database. Here first
tables are created and then data is loaded toaksabest case retrieval— in this module
Netbeans IDE is used to generate test cases. S@lieguare written in java and test

cases are shown on user output screen.

6.1 Conclusion
» A new algorithm has been proposed to extract in&tion from petal files of

Class Diagram, Sequence Diagram and Statechartddiag
» Proposed technique of combining information frommbmation of UML

diagrams is simpler as compared to graphical pgrsin

> Generated test cases are more effective due to:
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« Combining three diagrams to generate test caseshex® test cases
include static and dynamic aspects of the system.

*»* These test cases show initial state, final state, gondition, post
condition, test sequence, parent-child relationsté@pdinalities based test

casesysesrelationship based test cases and state baserhsest.

6.2 Future Research

» Further work can be explored to use formal methodsake system suitable for
real and large systems.

» More diagrams can be combined to generate tess @asklse cases can provide
user view , activity diagram can give informationflow of control from activity
to activity thus represents dynamic aspects okesysCombining all diagrams can
result in generation of test cases that are mdieesft and effective.

» Concept of polymorphism can be used to generateraied test cases.

» UML based integrated test case execution envirohroan be thought/planned

for future.
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