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Abstract

Testing is defined as a process of executing argnogor system with the intent of
finding errors. Testing consists of validating aretifying the software artifacts so that
they meet their business and technical requireméinis a very important and time-
consuming part of software development life cydBit most of the software fails
because of not being tested properly. The reasbimddailure mainly includes errors
present in analysis and design phase.

In proposed work, design diagrams of the softwaeeuaed for test cases generation. The
test case generation using design helps to placass early. Generating test cases from
design are more effective and efficient as desmgncloser to White Box testing.
Sometimes during test cases generation, we corkieoiw about any incompleteness and
inconsistence in requirement, which can overcom&akiyg necessary measures taken in
time.

The proposed system focus on three UML diagrantsatfgaClass, Statechart and
Activity diagram. The petal files also called mdeéfof these diagrams are parsed by the
tool.. It tokenizes the line into words and thernichas the string with the pattern to find
the test case information. Then the text files te@are entered to the Oracle database
using SQL *Loader. Before loading text files to SEloader it was necessary to create
control file and a Dat fileThe control file tells SQL*Loader where to fincetklata, how
to parse and interpret the data and where to itlsertata. Dat file which contains the
data i.e. the text file from the tool is saved wattiension .dat and it serves the purpose of
Dat file in SQL *Loader to load the data. The tébds in the form of Dat file are loaded
to Oracle database. Further queries are fired fdava to extract the strings from

database and use them to generate automatic $est ca
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Chapter 1
Introduction

Software testing is the practice of executing agpam with the goal of finding errors. Testing
is a course of trying to discover the errors inragpam and used to compute the quality of
developed computer software. Software testing sedaes of processes intended to make sure
software artifacts does what it was planned tordbthat it does not do anything unintentional.
A successful testing is one that steps forwardhénabove track by causing the program to
fail. The testing establishes some measure of denéie that a program does what it is made-
up to do and does not do what it is not made-ugot@nd this purpose is best achieved by a
diligent exploration for errors. Software testisgnot merely pronouncement defects or bugs
in the software, it is the totally dedicated disicip of evaluating the worth of the software. [1]
Testing the product means adding value to it, whiglans raising the quality or reliability of the
program. Raising the reliability of the system nseéinding and eliminating errors. Hence one
should not test a the system to show that it wadther, one should start with the assumption that

the system contains errors and then test the systéna as many flaws as possible.[2]
1.1 Object Oriented System Testing

Object-oriented programming features in programmiagguages obviously
affect some part of testing. The characteristié® linheritance and interfaces support
polymorphism in which code influences objects witheoheir correct Class being known.
Testers should make sure that the code works ntemahat the exact Class of objects might
be. Language features that maintain and enfor@eldding can make testing difficult because
operations must sometimes be added to a Clasfaicretio support testing. The accessibility of
these features can contribute to better and resisasting software.

Not only alterations in programming languages iafice testing, but also changes in the
development process and changes in analysis angndédost of object-oriented software-

testing activities have counterparts in traditiopabcesses. The differences in old and new
methods of developing and testing software are nuefper as there is focus on objects
instead of on functions that transform inputs tépats. The major difference is in the way

object-oriented software is designed as a set mctdthat essentially model a problem and



then collaborate to affect a solution. Underlyihgs tapproach is the idea that as a solution to a
problem might need to change eventually, the sirecand sections of the problem itself does
not change as much or as frequently. Consequengypgram whose design is structured from
the problem will be more adaptable to changes.l&erogrammer known with the problem
and its components can identify them in the systéhus making the system more
maintainable. Because components are derivatitleegbroblem, they can frequently be reused
in the progress of other programs to resolve smolaassociated problems, by this means
improving the reusability of system components. Tite@n advantage of this approach is that
analysis models plot clearly to design models timaturn, plot to code. One can begin testing
through analysis and purify the tests preparededyais to tests for design. Tests for design
can be refined to tests of execution. This meaasdhesting process can be interwoven with

the development stage.

1.2 Model Based Software Testing

Testing activities which are based on models atehfng popularity. UML
models represent specification documents whichepttethe perfect basis for developing tests
and developing testing situations. A test requiragous specification, or a explanation or
documentation of what the tested unit should be faowd it must act [3]. Testing that is not
based on a specification is totally useless. Eate dased white box testing techniques that
initially focus on the structure of the code, assdd on specification. The code is used only as
a basis to describe input factor settings that gtadthe coverage of different code artifacts.
Models are supplementary important if UML toolstteapport automatic test case generation
are used.

In general, one can discriminate between two wdysow to use the UML in tandem with
testing activities [3]
* Model-based testing — this is concerned with degviest information out of UML
models.
e Test modeling — it concentrates on how to moddingsstructure and test behavior
with the UML.



The UML symbolizes a specification notation, anstitey is the using or the applying of the
concepts of a specification. A test case for setesbmponent, for example, comprises one or
more process that will be called on the testedabpge precondition that defines restraints on
the input factors for the test and determines it $tate of the object, and a post condition
that restrains the output of the tested operatiod, defines the ending state of the object after
test completion [3]. A validation act can then d@ne to resolve whether the test has not
passed, and this is called the result of a test. ileas of a test case are therefore a bit more
composite, but the UML Testing Profile defines thenificiently [4]. Hence, the UML
voluntarily supplies everything that is necessany develop tests and test cases for a

component, and it even presents sufficient inforomatio identify entire application test suites.
1.3 Why we need Model Based Testing? [5]

There are three important benefits of testing aislgnd design models: Test
cases can be known earlier in the course, evereq@grements are being identified. Early
testing assists analysts and designers to betwgrstand and express requirements and to
make sure that specified requirements are testable.

1. Defects can be identified near the beginning in dbeelopment course, saving cost and
effort. It is extensively recognized that the maapidly problems are detected, the easier and
cheaper they are to repair.

2. Test cases can be evaluated for exactness eadypooject. The exactness of test cases in
system is always a subject. If test cases are neoed) early and applied to models near the
beginning in a project, then any misinterpretatiohprerequisites on the part of the testers can
be rectified early. The model testing assists t&anzertain that testers and developers have a
unfailing realization of system requirements.

3. Even though testing models is very useful, it gh8icant to not let testing them become the
main center of testing efforts. Code testing ifi atisignificant part of the process. Another
distinction between conventional projects and mtsjeusing object-oriented technologies
concerns purposes for software. Think that a nea¥ igomany companies is to create reusable
software, extensible designs, or even object-cerftameworks that symbolize reusable
designs. Testing can be done to discover breakdoimngneeting these objectives.

Conventional testing approaches and techniquestiackle such goals [5]



Chapter 2
Background Information and Literature Review

Software testing is the process of executing a rpragwith the intention of locating
errors and bugs. Testing is a destructive procédsyimg to discover the errors in a
system and is an assessment of the quality of dpedl computer artifact. Software
testing is a process, or a series of processegnegesto make sure software system does
what it was intended to do and that it does naamlghing unintended.

2.1 Type of testing strategies
2.1.1 White Box Testing

The function of any security testing process isn@ake sure the toughness of a
system in facing of malicious attacks or usualgafe failures. White box testing is
performed on the basis of understanding of howsistem is implemented. White box
testing comprises of monitoring of data flow, cohftow, coding methods and exception
and error management within the system, to tesatitieipated and inadvertent software
behavior. White box testing can be done to autbatdiwhether code implementation go
behinds intended design, to authenticate implendesgeurity functionality and to reveal
exploitable vulnerabilities. [6] White box testimgeds right to use to the source code.
Though white box testing can be done any pointalife phase after the code is build
up, it is a superior practice to do white box tggtihroughout the unit testing phase.

White box testing needs knowing what builds sofensaife or unsafe, how to feel
like an invader, and how to use diverse testingstaad techniques.[6] The first step in
white box testing is to understand and analyzetiegiglesign documentation, code and
other important development artifacts, so knowirttgaiMormulates software secure is a
fundamental requirement. Second, to create teate#tploit software, a tester must think
like an assailant. Third, to do testing efficientigsters require knowing the diverse tools
and techniques accessible for white box testing fhinee requirements do not work in

separation.



The general outline of the white box testing predesas follows [6]:

1) To do risk analysis to direct the entire testinggass

2) Develop a test approach that identifies what tgsteteps are needed to
accomplish testing.

3) Develop a featured test plan that systematizefotlosving testing process.

4) Organize the test environment for test execution.

5) Verify test cases and communicate results.

Benefits of White Box Testing Techniques [7]

Introspection: The capacity to come across inside the applicatenotes that testers can
recognize objects programmatically. This is helpfhlen the GUI is changing frequently
or the GUI is yet unknown as it allows testing togeed. It also can, in some situations,
decrease the fragility of test scripts providedriaee of an object does not change.
Constancy: A result of introspection, white-box testing caglider greater strength and
reusability of test cases if the objects that idelan application by no means alter.
Thoroughness In circumstances wherever it is necessary tadapiainted with that all
paths has been thoroughly tested, that every pakemternal interface has been
examined, white-box testing is the merely feasibtghnique. As such, white-box testing
presents testers the capacity to be extra thoraugbrms of how a great deal of an

application they are capable of testing.

Limitation of White Box Testing Techniques

Tricky situation: Being capable to observe every part of an appbicadenotes that a
tester have to have featured programmatic infoonatif the application in organize to
effort with it properly. This soaring-level of cotegity needs a a great deal of more
highly skilled individual to build up test case.

FeeblenessThe introspection is thought to overcome the issui@application modify
shattering test scripts the reality is that fredlyethe names of objects alter during
product development or new paths through the agiobic are added. The fact that white-

box testing requires test scripts to be tightly tie the underlying code of an application



means that changes to the code will often causéeyaoix test scripts to break. This
introduces a high amount of script maintenancetimatesting course.[7]

Integrity Problem: For white-box testing to attain the degree ofdagpection necessary

it must be securely integrated with the applicatlming tested. This creates a few
problems. To be firmly incorporated with the codriyshould install the white-box tool

on the system on which the application is in susioes But when one wishes to get rid
of the possibility that the testing tool is causiegher a performance or operational
problem, this becomes impracticable to resolve. @oee subject that arises is platform
support. Due to the highly incorporated nature bftg+box testing tools mostly do not
offer support for more than one platform. Unluckity White Box Testing, exhaustive

testing of a code presents some logistical troulidesn for small programs, the number
of possible logical paths can be very large. F@angple a 100 line C Language program
that encloses two nested loops running 1 to 20stidepending upon some initial input
after some basic data declaration. [7] Inside timeii loop four if-then-else constructs are
necessary. Then there are roughly 10 to the poWwdrdogical paths that are to be
implemented to test the program fully, which desotBat a magic test processor
developing a single test case implements it ancliate results in one millisecond would
need 3170 years working endlessly for this exhaestesting which is certainly

unrealistic. [7]

2.1.2 Black Box Testing
This testing methodology looks at what are thelalsée inputs for an application

and what the expected outputs are that shouldtrigsat each input. It is not concerned

with the inner workings of the application, the gess that the application undertakes to
achieve a particular output or any other interrsgleat of the application that may be
involved in the transformation of an input into antput. Most black-box testing tools

employ either coordinate based interaction withapplications graphical user interface
(GUI) or image recognition.[9]

Most functional test-case generation techniques baged on domain analysis and
partitioning. Domain analysis replaces or suppleméme common heuristic method for

checking extreme values and limit values of in8}sA domain is defined as a subset of
the input space that somehow affects the procesdinige tested component. Domains



are determined through boundary inequalities, algebexpressions that define which
locations of the input space belong to the doméimterest [8]. A domain may map to
equivalent functionality or behavior, for instand@omain analysis is used for and
sometimes also referred to as partitioning testiagd most functional test case
generation techniques are based on that. Equivalpaditioning, for example, is one
technique out of this group that divides the setlbfpossible inputs into equivalence
Classes. Each equivalence relation defines theeptiep for which input sets belong to
the same patrtition. Traditionally, this techniques lbeen concerned only with input value
domains, but with the advent of object technolaggain be extended to the behavioral
equivalence Classes that we find in behavioral nsod#ML behavioral models such as
Statecharts, for example, provide a good basisdoh a behavioral equivalence analysis,
i.e., the test case design concentrates on diffesenr similarities in externally visible
behavior that is defined through the state modehcEonal testing completely ignores
the internal mechanism, of a system or a compo(ininternal implementation) and
focuses solely on the outcome generated in respmnselected inputs and execution
conditions [9]. It is also referred to as black kegting, or specification-based testing, a
term which is more meaningful and unambiguous. Bind 0] calls these techniques
responsibility-based testing. This comes from theom of a contract [11] between two
entities that determine their mutual responsiletiitiFor example, meeting the contracted
precondition assertion is the client’'s respondipiéind meeting the postcondition is the
server’'s responsibility, because this is what anpises to provide after completing a

request [10].

Benefits of Black Box Testing

Ease of useBecause testers do not have to concern themssltieshe inner workings
of an application, it is easier to create test €alg simply working through the
application, as would an end user.[7]

Faster test case developmenBecause testers only concern themselves with the G
they do not need to spend time identifying all feé internal paths that may be involved
in a specific process, they need only concern tieéras with the various paths through

the GUI that a user may take.



Simplicity: Where large, highly complex applications or systexist black-box testing
offers a means of simplifying the testing procegddzusing on valid and invalid inputs
and ensuring the correct outputs are received|[7]

In nutshell we can say black box testing is:-

» More effective on larger units of code than glass testing.

» Tester needs no knowledge of implementation, inolyd&pecific programming
languages.

» Tester and programmer are independent of each.other

» Tests are done from a user's point of view.

» Will help to expose any ambiguities or inconsisteadn the specifications

Disadvantages of Black Box Testing

Script maintenance While an image-based approach to testing is Us#éfthe user
interface is constantly changing the input may d®ochanging. This makes script
maintenance very difficult because black-box tcars reliant on the method of input
being known.[7]
Feeblenessinteracting with the GUI can also make test dgeripagile. This is because
the GUI may not be rendered consistently from ttoxme on different platforms or
machines. Unless the tool is capable of dealingy witferences in GUI rendering, it is
likely that test scripts will fail to execute prapeon a consistent basis.
Lack of introspection: one of then greatest limitation of black-boxtites is that it isn’t
more like white-box testing; that it doesn’t knoww to look inside an application and
therefore can never fully test an application astegn. The reasons cited for needing this
capability are often to overcome the first two &ssumentioned. The reality is quite
different. [7]
In nutshell we can say black box testing has fahmwimitations:-

* Only a small number of possible inputs can actuadlyested to test every

possible input stream would take nearly forever.

* Without clear and concise specifications, test€ase hard to design.



» There may be unnecessary repetition of test inpthe tester is not informed of
test cases the programmer has already tried.

* May leave many program paths untested.

» Cannot be directed toward specific segments of eddeh may be very complex

» Most testing related research has been directedrtbglass box testing

2.1.3 White Box versus Black Box
White-Box testing methodology seems under the sard into the subsystem of

an application. While black-box testing concerrsglit exclusively with the put in and
outputs of an application, white-box testing alloyesi to see what is occurring inside the
application [7]. White box testing offers a degodeomplexity that is not available with
black-box testing as the tester is capable to refend cooperate with the objects that
contain an application slightly than only havingrassion to the user interface The main
disparity between black-box and white-box testisghe parts on which they desire to
focus. The black-box testing is focused on restfitan act is taken and it generates the
desired result then the procedure that was actualgd to achieve that result is
inappropriate. White-box testing, on the other hamdconcerned with the features. It
focuses on the inner workings of a system and wiign all avenues have been tested
and the sum of an application’s parts can be shimwime contributing to the entire is
testing complete.[7]

2.2 Grey Box Testing

Grey box testing is the mixture of black box anditeslbox testing.

Purpose of this testing is to locate out defectskeld to awful design or bad
implementation of the system. [12]. In Gray boxites test engineer is equipped with
the acquaintance of system and designs test casdesb data based on system
knowledge.

Grey box testing involves having knowledge of indata structures and algorithms for
need of designing the test cases, but testingeatigbr, or black-box level. Manipulating
input data and formatting output do not qualifygasy box, because the input and output

are clearly outside of the "black-box" that we asedling the SUT. This difference is



particularly important wheoonducting integration testirgetween two modules of code
written by two different developers, where only timerfaces are exposed for test.
However, modifying a data repository does qualifygaey box, as the user would not
normally be able to change the data outside ofsyls¢em under test. Grey box testing
may also includeeverse engineerirntg determine, for instance, boundary values arerr

messages [12]

2.3 Unified Modeling Language

The OMG's Unified Modeling Languadeelps you specify, visualize, and
document models of software systems, including tteucture and design, in a way that
meets all of these requirements. [13]

Considering that the UML diagrams can be used fileréint stages in the life cycle of a
system. The 4+1 view offers a different perspediv€lassify and apply UML diagrams.
The 4+1 view is essentially how a system can b&etkefrom a software life cycle

perspective. Each of these views represents howtam can be modeled. [14]

The different types of views in UML2 [15]:-

The use-caseview portrays the functionality of the softwarerr the system users’
viewpoint. In this situation, the user could beiffedent system or a real person and they
are called players. The view is made of use-casgralins and Activity diagrams. It is

vital to understanding the entire structure.

The logical view gaze inside the system describing how the systemti@inality is
presented. The static parts of the system areisoned in Class and object diagrams;
the dynamic part of system is captured in statquesece, collaboration and Activity

diagrams. This is also a very vital view as it esggmost of the system’s vocabulary.

The process viewfocus on the dynamic part of a system and is caegomf state,

sequence, collaboration and Activity diagrams waitiocus on the active Classes.

The implementation view is a explanation of the implementation modules #relr

reliance. It comprises of component diagrams amd éxtra need to programmers.
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The deployment view shows the physical topology of system which thedware
system executes. Physical constituents are catlddsa The view is made of deployment

diagrams

CONCEPTUAL PHYSICAL
Logical View C Implementation View
N Configuration

Functionality

U Use Case View Management

Scenarios

Process View [ Deployment View
Performance
Scalability

Throughput

Figure 2.1: The 4+1 View in UML [14]

2.4 UML Based Software Testing

UML based testing is the formation of testingifacts on the basis of UML
models. The models offer the important idea foregating the test cases and test suites,
and for validating the absolute implementationaffwgare. [3]

The UML contains diagrams according to the diversavs that we can have on a
system. These views can be separated into useranevarchitectural view, which may
be further subdivided into structural view and hetial view, implementation view, and
environmental view. These views can be associaitd the different diagram types of
the UML. The user view is typically represented thwg use case diagram, and the
structural view by Class and object diagrams. Secgiecollaboration, Statechart, and
Activity diagrams can be associated with the for@l and behavioral views on a

system, and component and deployment diagramsfggbei coarse-grained structure
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and organization of the system in the environmenthich it will be deployed. So testing
can based on diverse types of views we can havieeosystem[3]

2.4.1Use Case Diagram-Based Software Testing
Use cases are helpful for requirements basstthgeand high-level test suit

design of the system. Testing done with the helpsef cases can be divided into testing
that is based on the use case diagram and tekBaihgstbased on use case template, that is

similar to distinctive black box testing that isaahigher level of abstraction.

2.4.2 Structural Diagram-Based Software Testing
We can recognize from structural models that vdaat be tested in a system that

comprises of interacting entities. Since Classeadisj packages are the ingredients of
structure view, so dependencies, association, reaityi; hierarchies are the test case
issues that can be extracted from it.

2.4.3 Behavior Diagram Based Software Testing
The UML describes Interaction modeling through sesme diagrams and

Statechart diagrams. A sequence diagram illustiatesactions in terms of temporally
arranged method invocations with input and retuamameters. Statechart diagrams
represent the behavior of an object by notifyirsgréactions to the receipt of events and
sequence diagram. The vertical axis shows the gassiatime, and the horizontal axis

the objects that participate in an interaction sege

2.4.4 Interaction Diagram Based Testing
The UML supports Interaction modeling through Sthtet diagrams and

Activity diagrams. Statechart diagrams represeathtbhavior of an object by specifying
its responses to the receipt of events and Agtiihgrams that concentrate on internal
behavior of an instance or the control flow witftsroperations.

There are many phases in the testing processdingwnit, function, system, regression,
and solution testing. The following table illustatthe differences between these phases,

as well as the potential UML diagram for use inphase. [17]
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Table 2.1: The Different Phases and UML Diagrams [4]

Test type Coverage criteria Fault Model UML diagram
Unit Code Correctness, errof Class and state
diagram
Function Functional Functional and ARI, Interaction and
behavior issues Class diagram
System Operational scenarfio  Workload, Use case, Activity,
contention interaction diagram
Regression Functional Unexpected Same as function
behavior from new
changed function
Solution Inter system Inter-op problems Use case and
communication deployment diagram

2.5 Class Diagram Based Testing

Class testingincludes activities those are associated with yiegf that the
implementation of a Class keep up a correspondesxastly with the specification for
that Class. If an implementation is right, thenheat the Class's instances should act
properly. Class testing is same to unit testingustom and old testing processes. Class
testing address few aspects of integration testsigvery object defines a level of scope
in which many methods cooperate around a set tdnoe attributes. It is assumed that a
Class to be tested has a complete and correctfispéon, and that it has been tested
within the context of the models. If more than doem of specification is used for a
Class, then it is assumed all forms are consistedtthat information may be taken from

whichever form is most useful as the basis for tgpieg test cases for the Class.[5]

2.5.1 Process to Test a Class of Software System

The code for a Class can be tested by evaluatby executing test cases. Review

is a practical option to execution based testing Has two limitations over execution [5]:
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1 Reviews are subject to human fault.

2 Reviews require considerably more effort withpexg to regression testing,
often requiring almost as many resources as tiggnatitesting.
While execution-based testing conquers these drekgba huge amount of is required
for the identification of test cases and the dgwelent of test drivers. The effort required
to build a test driver for a Class can surpasstfmt of developing that Class by quite a
lot of orders of magnitude. In this particular gatbe efforts and advantages of testing the
Class outside the system in which it will be usagnbe calculated. The condition is not
unusual to object oriented programming. The sindtardition invokes in old procedural
development with respect to many of the subprogrameked at higher levels in a

structure chart. [5]

2.5.2 Who Test the Class in Software System?

Classes are mostly tested by developer, similalgu programs are unit tested by the
developer. A developer also plays the function o€lass tester and minimizes the
number of people that have to understand a Clag&sification. It also facilitates
implementation based testing as the tester is atdly well-known with the code.
Finally, the test driver can be used by the dewaldp correct the code as it is written. A
goal of testing is to uncover errors, not to fixgpuHowever, a helpful component of
Class testing is in helping to separate errorsha ¢ode. The main drawback of test
drivers and code being developed by the same peasstirat any misunderstandings of
the specifications by the developer will be progedao the test suite and test drivers.
These problems are headed off by formal reviewh®tode, and by requiring a test plan
to be written by another Class developer, and bywatg the code to be reviewed
independently. It is not abnormal for independesdtdrs to find problems with the

specifications for a Class, so time should be aldwuring testing to resolve them. [5]

2.5.3 What to Test in a Class?
It is strictly required to ensure that the code &oClass precisely meets the

requirements set onward in its specification. Inptete coverage of code after a wide
range of test cases have been run against the €laks be an indication that the Class

contains extra, undocumented behaviors. Or it conoidrely suggest that the
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implementation must be tested using more test casesamount of consideration given
to testing a Class to make sure it does nothingertitan what it is specified for depends

on the risk associated with the Class supplyingagx¢haviors. [5]

2.6 Activity Diagram Based Software Testing

UML Activity diagrams are mostly helpful for structl testing activities; it
signifies that they provide same information asreewcode or control flow graphs in
custom white box testing, although at a upper le¥abstraction if required. Developing
Activity diagrams can be seen in most cases asr@muging without a specific
programming languag3]

Control flow testing in a single instance maps totate box unit test, however it is only
important in component development and testing. @oment based testing deals more
with the integration of objects and mutual intei@ts relatively than with their
individual inner functioning. For unit testing, Adty diagrams provide custom code
coverage measures, although at a higher level stfadtion. [3] An Activity may be a
single statement, a cluster of statements, orlgfatedure with looping and decisions.
Code coverage criteria can be tailored withoutialiffy to cope with Activity diagram
concepts. Traditional control flow graphs and UMLtikity diagrams are basically the
same. Bezier treats control flow-based testingaihghly [18].
One can identify flows of control within an instanof an Activity diagram that we can
map to traditional coverage criteria:

» Testing the control flow graph with the conceptohventional coverage criteria.

» Control flow coverage of every Activity in the Aetiy diagram of the system.

The component based testing with the UML is actiwett is spread over a number of
different objects. This reflects the collaborati@miobjects, their mutual effort toward a
single goal. In this case it is the procedure ef Attivity. Such higher-level procedures
cross component or object boundaries. At a bounbatyeen two objects any flow of
control is translated into some operation invocato some signal invocation between
the objects. The client object calls the methodshef server object. Here we have a

typical contract at the particular connection betwéhe two objects, so for testing one
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have to go back to the structural model and thealieral model of each entity and
derive appropriate test cases for assessing ti@isagction point. [3]

We can identify flows of control between instanoésan Activity diagram that we can
map to traditional coverage criteria:

» Message flow coverage in the Activity diagram.

» Signal flow coverage in the Activity diagram.

The upper level transactions are made of lowerl le@amsactions of loads of different
objects. The decomposition Activity is accountalitz generating these calling

hierarchies between transactions .

2.7 State Diagram Based Testing of Software System

State based testing focus on ensuring the cormglementation of the
component state model of the system. The test @dasgn is based on the individual
states and the transitions among these statesbjéttooriented or component based
testing, any type of testing is effectively statséd as soon as the object or component
exhibits states, even if the tests are not obtafre@d the state model. [3] In that point,
there is no test case without the notion of aestatstate transition and pre and post
conditions of every single test case must consglates and behavior. Binder [10]
presents a thorough overview of state-based test ganeration, and he also proposes to
use so-called state reporter methods that effdgtimecess and report internal state

information whenever invoked.

The main test case design strategies or testitggierfor state-based testing: [3]

2.7.1 Piecewise Coverage
Piecewise coverage focus on exercising differeati§ipation parts, like coverage

of every state, every event, or every action. Theskniques are not expressly related to
the structure of the every state machine that dgecthe behavior, so it is only
incidentally efficient at finding behavior error@faults. It is possible to visit every state
and miss some events or actions, or produce ew@ignawithout visiting all states or

accepting all events.
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2.7.2 Transition Coverage
Full transition coverage is achieved through a tste if every specified

transition in the state model is exercised at leaste. As a consequence, it covers all
states, all events, and all actions. Transitiorecage may be improved if every specified
transition sequence is exercised at least once;ighieferred to as n-transition coverage
[16].

2.7.3 Round-trip Path Coverage
Round-trip path coverage is defined as the coeemagat least every defined

sequence of transitions that begin and end indh@esstate. The shortest round trip path
is a transition that loops back on the same sfatest suite that achieves full round-trip
path coverage will reveal all incorrect or missiegent/action pairs. A test case
comprises a precondition, a conditional expressi@at should be true before the test
event is executed, an event, or a sequence ofsvaamd a post condition that should be
true after the events have been executed. Thengore@ast conditions are made up of a
number of conditional expressions that refer toitipeit parameter values of the event as
well as to the internal attributes of an objectobefand after event execution. Sometimes
they also include the actions that are performedtbar associated objects, that is, if they
effectively change the state of these other ohj&ts may also call this the outcome of
an event. The combination of the object’s interadtfibutes is its internal state. An
internal state is any arbitrary combination of &jeot’s attributes. Sometimes this is also
referred to as state machine or physical statsystem development we are usually only
concerned with value domains of attribute comboratithat cause an object to exhibit
different behavior. Such a value domain represamt externally visible or logical
state. [3]

2.8 Class Diagram Based Testing Related Work

2.9.1 UML Class Diagram Based Testing Using Verifation [19]
Lee Copeland gives this method. When performingesytesting, this approach
verifies that the Class diagram contains corredt@oper information. There are three

kinds of questions: Is it complete? Is it corrdst® consistent?
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Complete:
1. Does each Class define attributes, methodgiae$hips, and cardinality?
2. Is each association well named?

3.1s each association and aggregation’s cardinatitsect?

Correct:

1. Are all attributes private?

2. Are all parameters explicit rather than beindgpedded in method names?

3. Do all sub Classes implement the "is-a-kindrefationship properly?

4. Are all object states represented explicitiyngstates and transitions rather than as
sub Classes?

5. In inheritance structures, are all attributed er@thods pushed as high in the
inheritance structure as is proper?

6. Are all polymorphic methods within related sués3es identically named?

7. Does each association reflect a relationshipekiats over the lives of the

related objects?

Consistent:

1. Are each 0...* and 1...* Relationships impleneeniith containers/collectors?

2. Are each association’s cardinalities consisfi@istantaneous vs. over-time)?
Domain expert testing- after checking the syntathefClass diagrams, the second type
of testing—domain expert testing comes. Therewaoeadptions: either find a domain
expert or attempt to become one. (The second agpisalways more difficult than the
first, and the first can be very hard.) In thisqess two kinds of questions arise: Is it
correct? Is it consistent?

Correct:

1. Is each Class named with a strong noun?

2. Have all redundant, irrelevant, or vague Clasgses removed from the diagram?

3. Is each attribute defined within the proper €Pals it of the correct type?

4. Is the visibility of each attribute correct?

5. Are the default values of each attribute spedifiorrectly?
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6. Is each attribute essential rather than comprifatom others?

7. 1s each method in the correct Class?

8. Are all method names strong verbs?

9. Does each method take the correct input parasatel return the correct output
parameter?

10. Is the visibility of each method correct?

11. Does each method implement one and only onavimf?

12. Is the public interface free from unnecessagyhods?

Consistent:

Is the Class diagram drawn at the appropriate lewehceptual, specification, or
implementation?

Trace ability testing- Finally, after having ourrdain expert scours the Class diagrams,
the third type of testing—tractability testing a&ss It is to ensure to trace from the use
cases and the sequence diagrams to the Classrdsagral from the Class diagrams back
to the use cases and sequence diagrams. Agaigues#gon arises: Is it consistent?
Consistent:

1. Is each object on the sequence diagram repeskbgta Class on the Class diagram?
2. Is every message on the sequence diagram egflasta method in the appropriate
Class?

2.10 State Diagram Based Testing Related Work
2.10.1 State Diagram Testing using Flow Graph

Kansomkeat and Rivepiboon [2hhve proposed a method for generating test
sequences using UML Statechart diagrams. Theyftnanghe Statechart diagram into a
flattened structure of states called testing flosaplp (TFG). From the TFG, they list
possible event sequences which they consider seiggences. The testing criterion they
used to guide the generation of test sequencés isaverage of the states and transitions
of TFG. It automatically generates test cases ftiML specification with the aid of the
Rational software Corporation’s Rational Rose tddle first step, we create Statechart

diagrams from this tool and use it to transforno imtermediate diagrams, called Testing

19



Flow Graph (TFG). It reduces the complexity of UMlatechart diagrams. The TFG is a
clearly flow and simple structure diagram. There fiFG is used to generate test

sequences by parsing to coverage the state arsititnan

2.10.2 State Diagram Testing using Finite State Mame
Kim et al. [22]proposed a method for generating test cases fes@sting using

UML Statechart diagram. They transformed Statesh@rtextended FSMs (EFSMs) to
derive test cases. In the resulting EFSMs, theahsaical and concurrent structure of
states is flattened and broadcast communicatioaseaminated. Then data flow is
identified by transforming the EFSMs into flow ghep to which conventional data flow
analysis techniques are applied. The method transfestate diagrams into extended
finite state machines (EFSMs). Then data flow enidied by transforming EFSMs into

flow graphs to which convention data flow analysishniques can be applied

2.11 Activity Diagram Based Related Viérk
2.11.1 Activity Diagram Testing using Slicing
Generally test cases from Activity diagram are \dstiby using dynamic slicing.

Originally, dynamic slicing was defined and usethwespect to program code. Dynamic
slices and slicing criteria are defined in termsfloftv dependency graph to make it
applicable to Activity diagram. A dynamic slice pglto consider the dependencies
among activities that arise during run time. Dynaslices are based on the FDG of an
Activity diagram using an edge marking method. @amsion of FDG is the only static
part in our approach. Slices are created from FDf&responding to conditional
predicates at each Activity edge in the respeddigtvity diagram. It is needed to apply
function minimization methods to generate test desed on each slice. This approach
automatically generates test data to achieve hagh goverage. The test cases generated
through this approach can be used for testing edukdvel behaviors. [23] In this
approach, we have not addressed specific issuesdikcurrency and polymorphism.

In an Activity diagram, all Activity edges areébkled with guard conditional predicates.
Of course the conditional predicate might trividiy an empty predicate, which is always
true. For each Activity edge, there will be a cepending node in FDG. From FDG, we

create the dynamic slice for the slicing critema) for the given set of inputs for each e

20



node. In our case, the slicing criterion (m) spesithe location (i.e. identity) m of an e
node in FDG. [23]For the given set of inputs, thosdes of FDG that do not affect the
predicate at m for a given execution are removddro the dynamic slice of an Activity
diagram, for the slicing criterion (m). With respéc each slice, we generate test data.
The generated test data for the predicate assdowite m corresponds to the true or
false values of the predicate and also, thesedtdat values are generated subject to the

slice condition.[23]
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Chapter 3
Problem Statement

Problem statement describes the gap in the exigtorgg and problem formulation. The
gap in existing work shows the limitation and flamsthe existing work and which
technigue they have used. In problem formulatibhas been given appropriate solution

to solve the existing problem and suggested thelngerk.

3.1 Gaps in Existing Work
3.1.1 Gap in Class Diagram’s Existing Work

In “UML Class Diagram Based Testing Using Verificatiori testing performed
with the help of design review and it tells aboatwhto verify design. It has syntax
testing, domain expert testing and trace abilistitg. It does not deal with automated

testing. It does not have any test case genertgamique

In “A Practical Guide to Testing Object-Oriented Softwae” [5] test cases has been
generated on the basis of Class diagram using Q@] put the problem is that these test
cases have not been generated automatically. Aocases depend on Class diagram
and OCL, thus test cases generated did not telltabiial and final state of the system.
One more problem is that it is assumed that moalesconsistent. If not, the test case

generation will result in error in most cases.

In “Software Engineering: A Practitioner's Approach” [25] test cases have been
generated on the basis of Class in a code. Thgseaghes have not been used in UML
Class diagram. Also this approach generates tessgaanually not automatically.

In “inter Class test case generatioh[26] test cases has been generated on the bfasis o
Class collaboration diagram, but the problem ig tih@se test cases have not been
generated automatically. Another problem is that @ssumed that models are consistent.
If not, the test case generation will result inoerin most cases. As test cases depends

only on Class diagram.
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3.1.2 Gap in Statechart Diagram’s Existing Work

In “Automatic test case generation using Unified Modéhg Language (UML)
State diagrams” test cases has been generated on the basis sititnarpath coverage.
But the test cases generated deals with initidé stanal state and test data only. These
test cases are not very efficient and effectivdoasof information like Initial state,

transition, final state and Class related datatgnesent in these test cases.

In “Testing Object-Oriented Systems. Models, Patterns and Tools’ test cases generated
depends on only transition path coverage critdrést cases generated are efficient and
effective, as this approach does not miss anyitransBut this work is not automated

and also efficiency of test case depends on ordydviL diagram Statechart diagram.

3.2.3 Gap in Activity Diagram’s Existing Work

In “Automatic test case generation using unified modmg language” test
cases generated by transition path coverage erifEeist cases generated are efficient and
effective, as this approach does not miss anyitransBut this work is not automated
and also efficiency of test case depends on oné/ WKL diagram Statechart diagram.
Moreover information like pre condition, post camoh, guard conditions and Class

related data is not present in these test cases.

3.2 Problem Formulation

Generally testing is performed on coding part, Wwhicontains variables, loops,
executable statements, Classes, functions etc. types of testing is to tedious to fix
problems because if executable statements or imxtr number of loops or variables in
a code have been changed then number of testwdkakso change. Let a code has two
for statements in it thus program has two predicaides in a control flow graph.
According to white box testing methods basis pasting has two predicates, thus its
cyclomatic complexity will be two and it has twalgpendent paths. According to Basis

Path Testing, test cases derived to exercise this bat are guaranteed to execute every
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statement in the program at least once duringnigstf a new for statement is added to
the code then number of predicate nodes in theadidw graph will be three. Now this
code has cyclomatic complexity three and has timéependent paths. Its test cases will
also increase. That means increase in statemeads te rise in complexity, which will
affect the test plan and test case structures.

Similar problem occurs in object oriented programgnimethodology, it contains
Classes and functions. If Class scope has beengefiathat means public, private,
protected or if a new Class has been added tliathésited from or dependent upon other
Classes then it is very difficult task to find whimodule is affected by this change and
what the affect on other modules is. It is veryidifit to identify test cases required to fix
this problem and also to know whether these testcare optimal or not. There are two
solutions for this problem first one is coding wiand second one is model based
testing of UML diagrams of system. Individual penfs coding review manually, but
this is not very efficient method as each programimes his own style of coding.
Another alternative is to perform dynamic testihgtt means run software and check
behavior of software. But these procedures agaliraéotly focus on coding review for
finding errors or change effect. Coding review & much efficient method, which is
used in structured and object oriented approacha Bovel solution has been proposed
that is model based testing. In software developrigncycle design part comes first
than coding or implementation part. Test case shbel applied on design rather than
coding because a software design is convertedciode. So if problem occur in design,
then it can be corrected before coding. This regalerror correction before coding and
errors do not propagate to next phase. This leadsduction of cost of correcting errors
after software is ready.

To perform model baseditgstUnified Modeling Language (UML) is
used. UML has different design diagrams that asglue specify the software behavior
i.e. static and dynamic. UML diagram methodology aigplied on object-oriented
approach, not on structured approach. Many resegr@nd practitioners are working on
UML based testing. UML based testing is independegntode; 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 genesatecaises. UML deals with different
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diagrams like Class, sequence, Activity, Statech@admponent diagram, object,
collaboration diagram. All these diagrams can keslder testing.
Each diagram in UML describes different view, sstteases generated from different
diagram presents different test cases view. Diffeidiagrams can be combined and
testing can be done on system. But there are samtatlons like:

« UML is a graphical view of software. If an autondhteesting is performed on
UML design, it is difficult. Automated testing mesaautomatically generate test
cases from deign.

* How to combine three UML diagrams and perform tesiie. how information
from one UML diagram can be passed to another UMgrdm for efficient test
case generation.

* Finding static test cases and dynamic test cases fyML diagrams. UML
diagram has two-type of behavior i.e. static andaglyic. So finding static test
cases and dynamic test cases that are optimaisuolut

Above said problem can be resolved with help oppsed system. In the proposed system,
test case generation is performed on three diagr@n€lass diagram, Activity diagram and
Statechart diagram. Proposed system focus on thesee diagrams and with the help of these
diagrams an optimal solution can be found and b&tt case generation can be performed
than previous approaches, which are based on esihgte UML diagram or two UML

diagrams.

3.3 Objectives of thesis.

In present work UML design based automatic tessrmyoposed with following objectives:-
» To explore existing UML based test case generaéohniques.

» To analyze various UML diagrams for their suitalito generate test cases.

» To design & develop a technique to generate tesiscaom UML Class, Activity

and Statechart diagram.

» To develop a tool that generates test case autcatigtirom petal files of UML

Class diagram, Activity diagram, and Statechargydimn.
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Chapter 4
Proposed System and Implementation

The proposed system focuses on the three UML diagythat are Class diagram,
Activity diagram and state diagram. Various typéstasting information is extracted
from there diagrams to generate test cases frosetdeagrams. For static test case
information Class diagram is used and for dynarype tof test case information Activity
and state diagrams are used. With the help of Glesgram the information that is
extracted out include Classes, relationship betwe@ksses, dependency, parent/child
relationship, associations. With the help of Staéet diagram information that is
extracted include Initial states, Transitions, Fistates, Pre conditions, Post conditions.
With the help of Activity diagram information is ®acted include Initials states, Final
states, Guard condition between activities.

4.1 Brief Overview about System

In UML Class diagram testing, the information liaesociation, cardinality, inheritance,
are found. This information is used to generatdicstest cases automatically. UML
Activity diagram and Statechart diagram aid to gatee dynamic test cases. The
information like source state, transition, targetes from Statechart is clubbed with
information like pre-condition, post-condition, gdaconditions from Activity diagram.
This information is extracted with the help of pragpming language and further been
stored in database. A guard condition emergesebé#yinning of the interaction and
encloses all the information that is needed to nthkedecision about whether to execute
the interaction. If the guard condition tests trtlee traces execute. Because a guard
condition is non-compulsory and the interaction adso takes place if no guard
condition is specified in the interaction. The mendition of activity or state defines
constraints which are needed for successful exatuli constitutes the activity caller's
portion of the contract. The post condition is aditon that must always be true just
after the completion of activity. The Post condiBoare sometimes tested using

assertions within the activity itself.
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4.2 Methodology

Following are the major steps in proposed techrigue

1.

Input Petal File into the system The Petal file of Class diagram is given as
input to the developed tool. Petal files [27] nathbut files which one gets by

opening a Rational Rose file in word pad or tebet fi

Read mdl file The mdl file is read by the tool and with the cept of
tokenizer patterns like Class name, Class attrfyuidass cardinality, Class

operations, inheritance, dependency etc are found.

Is pattern found: If pattern is found then it is entered to the upielse next

pattern is found.

Store the patterns in a queueAll pattern found is stored in a queue. There
are different queues for every pattern like Claas\@ queue, Class attributes
gueue, Class cardinality queue, Class operatiomsigquinheritance queue,

dependency queue etc.

Search for another pattern Tool searches for various pattern in petal for
Class name if it is found then Class name is edter® Class name queue
Else if it found Class attributes it enters it teetClass attributes queue

similarly so on.

Is EOF (End of File) is reached Tool keeps on searching the patterns until
EOF is reached.

Create text file from queue and store text file indatabase When end of
file is reached, the tool generates the text fileclv contains all information
about Class diagram in form of tuples which carebeered to the database
easily using sql *loader. Sql *loader loads all tata from the text file to the

Oracle database.
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8. Are all Petal files input: After Class diagram, Petal files of Activity dragn
and Statechart diagram are entered to the toolaapdback to second step in
flow chart.

9. Retrieving strings to generate test cases’here are tables present in the
Oracle database which contains the information f@ass diagram, sequence
diagram, Statechart diagram. From Net beans IDH fioes queries to

generate test cases.

Start ]
J

Input design )
cade Petal File

/. mead Petal

7 file

Is pattern
found?

Store it in Queus

Is EOF ?

Store text file in database

Search foranother
pattern

Are all
FPatel files
input?

Retrieve strings to
generate test cases

Figure 4.1: The Flow Chart of Methodology

4.3 Description of Methodology

Firstly Class diagram, sequence diagram and Statediagram are drawn
for a particular system using Rational Rose andesponding mdl file of Class diagram,
Statechart diagram, Activity diagram are saved.s€hdiagram’s petal files (mdl file)
[27] are parsed by the tool. Firstly Class diagmetal file is parsed by the tool. The tool
reads the petal file line by line. It tokenized tivee into words and then matched the
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string with the pattern to find the Class name. Wi#ass name is found it entered it to
the queue and searched for another pattern, ribldés, its operations, its inheritance
Classes, its dependency, its cardinality and alé¢hare written on a text file. Similarly
petal file of Activity diagram and Statechart diagr are entered in the tool. Then the text
files created are entered to the Oracle databasg 8L *Loader [28]. Before loading
text files to SQL *Loader it was necessary to aeeedntrol file and a Dat fileThe
control file is a text file written in a languadeat SQL*Loader understands. The control
file tells SQL*Loader where to find the data, hawparse and interpret the data, where to
insert the data. Dat file was the file which consaihe data i.e. the text file from the tool
is saved with extension .dat and it served the ggef dat file in SQL *Loader to load
the data. Then is required to create a table iabdase and all the text files in the form of
Dat file were loaded to Oracle database. Now JadaQracle are connected and queries
are fired from Java to extract the strings fromatlase and use them to generate test

cases.

notaticn Tunitied™)

rect usecase package (cbject Class Categery "

H

quid
superclasses

quid "38c9260C00DE"
exportControl "Public"
gleckal TRUE
legical medels (list unit_ reference list
oimect flmss "BersonM—— - Class narne
quid "4RFITFEE0000"
used nodes (list uses relationship list
Dependency
quid "4BF3830001Cs" : :
1 o == . Y Relationship
supplier Use Case :Lddresses
quidu "4BF381Ce00DR"
class attributes (list class attribute list
Class Attribute
quid "4BF3800C0290")
(cbject ClassRttril "phoeneNumber"”
quid "4BF"
(cbject ClassRttr
quid "4BF
(chject Class "Student"

"4RF3808BOZ61"

ist inheritance relaticnship list

Tnhertance Eelationship

(cbject Inheritance Rel
quid "4BF3819D004E"
supplier "Use Case E
quidu "4BF37FEB0000"))

cperaticns (list Operaticns

( Class Operation
quid "4BF38113019a"
CONCUrrency "Sequential”
cpExportCentrel "Public”
uid 0)

(cbject Operaticn "getRegistered"
qufid "4BF3969902CE"

Figure 4.2: Petal file of Class Diagram
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Figure 4.3: Block Diagram of System

The SQL command to create table for Class datevé&delow .The table contains Class
Classname VARCHAR(20), Operation = VARCHAR(20), rikttite VARCHAR(20),
Dependency VARCHAR(20), Inheritance VARCHAR(20).

create table Class1(
Classname VARCHAR(20),
Operation VARCHAR(20),
Attribute  VARCHAR(20),
Dependency VARCHAR(20),
Inheritance VARCHAR(20));

Data from text file is entered to the tool with thelp of SQL *Loadef28]. In order to
enter the data from text file to Oracle databaseddd control files are created. Dat file
is nothing but text file generated from tool witletextension of dat and control fileas
text file written in a language that SQL*Loader erstands. The control file tells
SQL*Loader where to find the data, how to parse mmerpret the data, and where to
insert the data.
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The syntax of control file is given below:

LOAD DATA

INFILE 'C:\Documents and Settings\Software\DesktopClassresult.dat’
APPEND INTO TABLE Classl

FIELDS TERMINATED BY","(Classname, Operation, Attri bute, Dependency,
Inheritance)

The Class test case information is entered intalieste. The below figure shows the data
present in a Class, which may extracted at latgesto generate the test case with the

help of interface (Netbeans)

CLASSNAME OPERATION ATTRIBUTE DEPENDENCY INHERITAMNCE
Admin allow I Room null
Adrmin deny Paz=swrd null null
Admin “alidating_customer  null null null
Adrnin Room_checking null null null
Admin Report_generation null null null
Customer Billing Mame null null
Customer Signin Contact null null
Customer RoomCancel Age null null
Customer RoomSelectiobn Gender null null
Customer null Address null null

More than 10 rows available. Increase rows selector to view more rows.

Figure 4.4: The Test Case Data from Class in the Database

The SQL command to create table for Statechagram is shown below anthe table
contains Transition VARCHAR(200), Initial State YR&HAR(50), Final State
VARCHAR(50));

create table Statechartl(
Transition VARCHAR(200),
InitialState = VARCHAR(50),
FinalState VARCHAR(50));
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Data from text file is entered to the tool with thelp of SQL *Loadef28]. In order to
enter the data from text file to Oracle databaseddd control files are created. Dat file
is nothing but text file generated from tool witletextension of dat and control fileas
text file written in a language that SQL*Loader emstands. The control file tells
SQL*Loader where to find the data, how to parse imerpret the data, and where to

insert the data.

The syntax of control file is given below:

LOAD DATA

INFILE 'C:\Documents and Settings\Software\Desktopstateresultl.dat’
APPEND INTO TABLE Statechartl

FIELDS TERMINATED BY","(Transition, InitialState, F inalState)

The Statechart test case information is entereddatabase. The below figure shows the
data present in a Statechart, which may extradtéater stage to generate the test case

with the help of interface(Netbeans)

TRANSITION INITIALSTATE FINALSTATE
[Bill_generation] "RoomSelected” "Credit_Card_Swapped”
[roem_wacant=0] "RoomSearched” "RoomSelected™

[bal==rent +1000] "Credit_Card_Swapped” "RoomConfirmed™
[bale=1000+rent] "Credit_Card_Swapped”  “guit"
[hwalid_pin] "Credit_Card_Swapped” “Credit_Card_Swapped”

[report_ready] "RoomConfirmed” "ReportEmailedTocustomer”

Figure 4.5: The Test Case Data from Statechart Diagm in the Database
SQL command to create table for Activity diagrangiieen belowand it contains Guard
VARCHAR(20), Precondition VARCHAR(20), PostconditiVARCHAR(20));
create table Activity(
Guard VARCHAR(20),
PreCondition VARCHAR(20),
PostCondition VARCHAR(20));
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Data from text file is entered to the tool with thelp of SQL *Loadef28]. In order to
enter the data from text file to Oracle databaseddd control files are created. Dat file
is nothing but text file generated from tool witletextension of dat and control fileas
text file written in a language that SQL*Loader emstands. The control file tells
SQL*Loader where to find the data, how to parse imerpret the data, and where to

insert the data.

The syntax of control file is given below:

LOAD DATA

INFILE 'C:\Documents and Settings\Software\DesktopActivity.dat'
APPEND INTO TABLE Activity

FIELDS TERMINATED BY","(Guard, PreCondition , PostC ondition )

The Statechart test case information is enterexddatabase. The below figure shows the
data present in a Statechart, which may extradtéater stage to generate the test case

with the help of interface(Netbeans)

GUARDCONDITION PRECOMNDITION POSTCONDITION
[room_vacant==0] pre_user_=earch_room po=st_user quit
[room_vacant=0] pre_user_=earch_room po=t_room_available

[balk:1 000+rent] pre_paymentz_detailz_provided  post_card_rejected
[Fwalid_pin] pre_pin_required post_=wap_card_again
[eal=rent+1000] pre_payment_detailz_ready post_credit_card_accepted
[ready_report] pre_report_in_progress post_uszer wait
[report_ready] pre_report_generated post_report_sent_to_user

Figure 4.6: The Test Case Data from Activity Diagran in the Database

All the data from Class diagram, Activity diagraBtatechart diagram is entered to the
Oracle database using dat files and control filéish the help of JDBC Java is connected
to Oracle database and queries are fired from dawdifferent tables to extract the data

and to generate the test cases
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To sum up the methodology that has been used popeal system: -

1.

Draw the Class, Activity, state diagram with théphaf Rational Rose.

2. Save the corresponding petal file of the aboverdiag.
3.
4. With the help of tokenizers, extract the desirddrmation for test case

Parse the petal file of all the diagrams with tk&lof the tool.

generation.

5. Store the test case information in a database.

6. Extract the test case information in the form of ®uit
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Chapter 5
Testing & Results (Experimental Results)

5.1 Case study: Online Hotel Reservation System

This case study deals with online reservation ofire of hotel and allow users to
look for and book hotels online A user can seargldéy, hotel, accommodation type,
rates, place, and number of people .The proposstemychecks and daily update
inventory as rooms are occupied The proposed sylséana payment gateway to process
their bookings in real-time. Hotels can be notifiefl bookings by email or fax as
required. Users can signing and check the detdilhe booking or cancel booking.
Hotels can sign in and revise: - tariff - Room asiility - Room types and description.
In the proposed system the testing is performethoee diagramsamelyClass diagram

Activity diagram and Statechart diagram.

S inmeT
Aamin -
D
Password
Sl o) . 1]
eyl 1 1
Sialldating customer BRE | [ng!)
S Rpomrshekingi) sy i)
¥ meporCenerationi) SSSoomCancel)
SrioomSsiectond)
1
Faymeant
TolalChanges
e o aymeriiiods
AT TY P
Ao Rt SEE I Cenerate(l
oo Siabus T
‘ - 1
Delux Mon AT Sun Card
ERcom Mo [EBRcom nos| e Mos
Debit Card |
EE iy ]
Inko CoresdtC-ard
MNOS
S Transactoni In Mo
SR ardalkdation])
S Transactoni
SR ardhyalkdation)

Figure 5.1: Class Diagram of Hotel Reservation Sysin
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With the help of Class diagram the following infation is extracted which will serve
the purpose of generating static test cases:-

* Classes

* Relationship between Classes

» Dependency

» Parent/child relationship

Associations

The manual test case test case generated in thegaw system from Class diagram:-

Table 5.1: Test Cases from Class diagram

CLASSNAME | OPREATION ATTRIBUTE DEPENDENCY | INHERITANCE
Admin Deny Passwrd Null Null
Admin Validating_customer | Null Null Null
Admin Room_checking Null Null Null
Admin Report_generation | Null Null Null
Customer Billing Name Null Null
Customer Signin Contact Null Null
Customer RoomCancel Age Null Null
Customer RoomSelection Gender Null Null
Customer Null Address Null Null

With the help of Statechart following informationlibe extracted
* Initial states
» Transitions
* Final states
Initial state is that state from where an eventstéinal state is a state is a state at
which event ends and transition is stimulus thggérs an event. All three are the

necessary constituents of state diagram.
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ROOM
SEARCHED

prel:room availble Trans:[le

ROOM SELECTED

pred:room availble trans3: [lempty|post3d:make payment

pred:payment details readytransd:[bal=rent+1000]pa

ROOM CONFIRMED

Qum

pty]postl:room selection

CREDIT CARD
SWAPPED

& card accepted

reBpre: pin reguired transb[lvalid pin] postB:swap agsin

pref:paymentndetailstransd: [bal<rent+1000)posta:card rejected

pre7:room report ready trans?[report ready]post?:email sent

ROOM REPECT E-MAILED
TO CUSTOMER

Figure 5.2: State Diagram of Hotel Reservation Systn

The test cases generated from the state diagraghaven in the table 5.2. It contains

Three fields namely Transition, InitialState, Fiatate. Initial state contains information

of initial state and final state of a transition.

Table 5.2: Test Cases from State Diagram

Transition

InitiaState

FinalState

[bill_generation]

"RoomSelected"

"Credit_Card_Swapped"

Room_vacant>0

"RoomSearched"

"RoomSelected"

[bal>=rent +1000]

"Credit_Card_Swapped"

"RoomConfirmed"

[bal<=1000+rent]

"Credit_Card_Swapped"

"quit”

['valid_pin]

"Credit_Card_Swapped"

"Credit_Card_Swapped"

[report_ready]

"RoomConfirmed"

"ReportEmailedTocustomer"
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The information extracted from the Activity diagrancludes, pre condition and post

condition and guard condition between activities..
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Figure 5.3: Activity Diagram of Hotel Reservation §stem

A guard condition emerges at the beginning of thieraction and encloses all the
information that is needed to make the decisiorutbdether to execute the interaction.
If the guard condition tests true, the traces eteecBecause a guard condition is non-
compulsory and the interaction can also takes pfage guard condition is specified in
the interaction. The pre condition of activity ¢ate defines constraints which are needed
for successful execution. It constitutes the agtigialler's portion of the contract. The
post condition is a condition that must alwaysre fust after the completion of activity.

The Post conditions are sometimes tested usingtiassewithin the activity itself
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Table 5.3 Test Cases from Activity Diagram

Guard

PreCondition

PostCondition

[room_vacant==0]

pre_user_search_room

post_user_quit

[room_vacant>0]

pre_user_search_room

post_room_available

[bal<1000+rent] pre_payments_details_provided post_card_rejected
['valid_pin] pre_pin_required post_swap_card_again
[bal>rent+1000] pre_payment_details_ready | Post_credit_card_accepted

['ready_report]

pre_report_in_progress

post_user_wait

[report_ready]

pre_report_generated

post_report_sent_to_user

5.2Combine test cases from Activity and State diagrarof Hotel
Reservation System

From Statechart diagram it is known that which so@irce state is and after a

specific transition what is the final state. Froime t Activity diagram important

information retrieved for test case generation thatath coverage and guard conditions.

Both the information from Activity diagram and sadiagram are clubbed together to

form dynamic test cases. These test cases areotherfpl form of test cases that are

generated separately from individual state andvigtdiagram and are more accurate.

These combined test cases cover broader aspestiofgt

Table 5.4: Combined Test Cases from Activity and &te diagram

Transition | InitiaState FinalState PreCondition PostCondition

[bill_generatio | RoomSelected Credit_Card_

n Swapped

room_vacant>0 | RoomSearched RoomSelected pre_user_search_ post_room_available

Room

[bal>=rent Credit_Card_Swapped | RoomConfirmed pre_payment_details post_credit_card_

+1000] _ready Accepted

[bal<=1000 Credit_Card_Swapped | Quit pre_payments_details post_card_rejected

+rent] _provided

['valid_pin] Credit_Card_Swapped" | Credit_Card pre_pin_required post_swap_card_agai
_Swapped n

[report_ready]

RoomConfirmed

ReportEmailed
Tocustomer

pre_report_generated

post_report_sent_to_u

ser
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5.3 Snapshot of Tool

The following figure shows the snapshot of the tibalt is developed for automatic static
test case generation from Class diagram and dyn#&siccase generation from the
combination of Activity and state diagram of Onlikotel Reservation System. The

system has been developed with help of Java anOédets.

W testcase? - NetBeans IDE 6.8
Fie Edt View Navigate Source Refactor Run Debug Profile Team Tool Window Help

P D@ [ ATH DB G

Projects 40 x | :Files Kenai Services StartPage x @MBV’L]BVB x IIEIE]@
& g s BE-3- 9%FB F4% 9% 00 &4
(i testcasel 2
263 * @param args the cormand line arguments —
264 &y
265 public static void maip(3tring(] args) {
266 Hain test = new Main():
267 Hain testing = new Main():
268 Main tegtingl = new Main():
269
270 int choice;
271 System. out.println("sSelect Tour choice:™);
272 System.out.println("C/c = Test Cases For class diagram ");
273 System.out.println("3/s= Test cases For actlvityl and statechart diagram®);
274 //S9ystem.out.println("p/P = Partitioning based testing");
275 System. out.print ("Choice---->");
L) System. out.flush();
277 BufferedReader br = new Buffer (new Input3tr (System.in));
main - Navigator 4 x 273 try
Mernbers Yiew ¥ 279 choice=(int) hr.read();
=] &) Main 280 avitch{choice) hd
e dat) 261 { 1
i () main(String[] args) 282 case 'C' :
Lo seal) 283 case ‘o' @ test.doiti): v
‘ Qutput - testcasel (run) F x| ‘Tasks
Y- A
Select Your choire
/e = Test Cases For class diagran
8/s= Test rases For activity and statechart diagram
Choice----»
& (0/&)@) v
testeasel (1) EREETER

G} Thesis repart update.., | {§ unkited - Paint 561 - HetBeans.., ROy, B 1zasem

Figure 5.4: Snapshot of the Tool

The following figure shows options provided to dearunning the tool developed with
Netbeans. Option C/c generates test cases of AilEg®mm which are static test cases and

option S/s generates the dynamic test cases frdimitkand State diagram of system.
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- Output
Debugger Console = | testcasel (debug) #3 = | pebugger Console =

D debrag:
E,.% Have no FileObject for ConwProgram FileshJavai\jdkl. 5.0 0P\ jreilibhilSn.jar
Have no FileObject for CinwPrograwm FileshJawvahjdkl. 5.0 07\ jrehlibhysunrsasign.jar
Have no FileObject for CIWProgram Files,Javasjdkl. 5.0 07 Jreyclasses
Zelect Tour choice:
Cfc = Test Cases For class diagram
Ef=s= Test cases For activity and statechart diagram
Choice——-——x

Figure 5.5: User Interface for Output

The following figure shows the exclusive test cageserated from Class diagram of
Hotel Reservation System. The test cases are bamedhe operation, attributes,
dependency, inheritance relationship among therdifit Classes in the Class diagram of

Hotel Reservation System.

tl E [E <default configs v CEF c&‘}, D %' G

‘Projects 41 x| Files ‘Kenai :Services
+@/ Javahpplication] :Output - testcasel {run) ¥ x| Tasks
(5 testcasel e
Select Tour choice:
Cfc = Test Cases For class diagram
:ﬁ &/z= Test cases For activity and statechart diagram
Choice----#c
ses on the basis of inheritance relation between classes
CEH ase: 1
Parent class: Aduwin
Child class: Roon

Test Case: Z
Parent class: Room
Child class: Delux

Test Case: 2
Parent class: Room
Child class: Nondl

:main - Navigator Fx Test Case: 4
Parent class: Room
Child elass: Suit

Test Case: &
Parent class: Card
Child class: DebitCard

Test Case: €

Parent class: Card

Child class: CreditCard

Test Cases on the basis of dependency relation between classes

Test Case: 1
Class: Adwin

Figure 5.6: Test Cases Generation from Class Diagm
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The following figure shows the exclusive test cageseration from Statechart diagram
and Activity diagram. The case information fromtstdiagram includes Initial states,
Transitions, Final states, Pre conditions, Postitmms. case information from Activity

diagram information are find out include Initialtates, Final states, Guard conditions

between activities

W testcasel - MetBeans IDE 6.8

File Edit View Mavigate Source Refackor Run Debug  Profile Team Tools  wWindow Help

1F_—| E % : =default config= - BE B&E’ |> - (:‘_T[g - I:I O -
LA~

Uvebugger Lonsole = || Lebugger COonsole | WESLLas=sL a0 =

rum:
@% Select Your choice:
Cifc = Test Cases For class diagram

S/=s= Test cases For activity and statechart diagram
Chojice————->=

*#** Populate

*** Populate

*** Close commection

*** Create an empty JoinRowset

*** Addimng

*** Adding

*+* There clause: WHERE

(raall. TRANEITION = rnull. GUARDCONDITION) -
Type of join result:itrue

TEST CASE:1l

PRECONDITION: [room wacant=0]
INITIAL =TATE: "DRoomSearched"

TEST SEQUENCE:pre_user_ search room
POST CONDITIOM: post_room available
FINAL STATE: "RoomSelected"

TEST CASE:Z

PRECONDITION: [!walid pimn]

IMITIAL STATE: "Credit_Card Swapped"
TEST SEQUENCE:pre_pin regquired

POST CONDITIOM: post_swap card again
FINAL STATE: "Credit Card Swapped"

TREAET MASRE-3

Figure 5.7: Test cases Generation from StatechartiBgram and Activity Diagram
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Chapter 6
Conclusions and Future Scope

To perform model based testing, a language is mkedus can deal with the
design efficiently i.e. Unified Modeling LanguagédML consists of different type of
diagrams that are used to specify the static anthrdic aspects of software. UML
diagram are used in object oriented approach,mstructural approach. In present work
a tool is developed that extracts information frbmee UML diagrams and can generate
test cases automatically. Class diagram baseddgestive the problem of static test cases
where Activity and Statechart diagram based tesdiges the problem of dynamic test
cases.

The proposed work is divided into several moduled perform automate test
generation on UML model. The modules are petalréder, SQL Loader and tests case

generator.

6.1 Conclusions

* A new algorithm has been proposed to extract informafiom petal file of
Class, Statechart and Activity diagram.
* Proposed techniques generates test case infornfetioncombination of various
UML diagrams.
* Generated test case are more effective due to
o Combination of three diagrams covers both statiove§ as dynamic
aspect of software system
0 These test cases shows initial state, final stgterd condition, pre
conditions, post conditions, test sequences, pachitl relationships,
dependencies.
o Proposed techniques are much simpler as comparaph based test case

generation techniques.
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6.2 Future Work

» Further work can be explored to use formal methvatis UML diagrams.

» This technique further can be extended to inclldiyes of software artifacts to
predict changes for regression testing.

» Concept of overloading polymorphism etc can be further used to generate

automatic test cases.
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