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Abstract

Software testing is an important phase of softvdeelopment process that can be easily
missed by software developers because of theitddniime to complete the project.
Thus, Software testing is a widely used and acdepigproach for verification and
validation of a software system. One of the majuallenges in software testing is the
generation of test cases that satisfy the givenpedemce criterion. Testing in an object
oriented manner significantly increases softwareusability, extendibility,
interoperability, and reliability. Object orientéskting has to deal with the new problems
to deal with the new problems introduced by the features of Object oriented systems
such as inheritance, polymorphism, method overtggdinethod overriding etc. Object
oriented testing technique for testing softwardauitiiat has great potential for improving
the quality of testing and to assure the high bdligt of software. In this thesis, we will
focus on the features of object oriented systeras theate many binding anomalies
during static and dynamic binding. This shows thatlue of the variable changes with
the change in the object if there is given a wréungrction call with the object of other
class. To detect such anomalies an approach isis$isd that will detect static and

dynamic anomalies in multiple and multilevel intanice.
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Chapter 1 I ntroduction

According toFewster, Graham ,“Testing is a skill. While this may come as a s@td

some people it is a simple fact." [32]

Testing is very important part of software develept Almost 80% software fails
because of not testing properly. Software testing widely used and accepted approach
for verification and validation of a software systeand it can be regarded as the ultimate
review of its specification, design, and impleméota Testing is applied to generate
modes of operation on the final product that shdveter it is conforming to its original
requirements specification, and to support theidente in its safe and correct operation
[3]. Generally testing is performed on code, buh# software can be tested in the earlier
phases then most of the errors can be eliminatdcdtam be stopped from propagating to
next phase.The software testing document, consists of eveaatjon, input, output,
expected result, and actual result. Clinicallyircel a test case is an input and an
expected result [15]. Testing based merely on seade documents shows that the
tested program does what it does, but not whatsupposed to ddhus there is a need
to explore testing possibilities in earlier phag@se of the major challenges in software

testing is the generation of test cases that gahsfgiven competence criterion [17].

1.1 Testing M ethods
There are various testing metho8sme of them are discussed below:-
* White box testing strategy deals with the internal logic and struetofrthe code.

White box testing is also called as glass, strattwpen box or clear box testing.
The tests written based on the white box testirgesyy incorporate coverage of
the code written, branches, paths, statementsraachal logic of the code etc.
In order to implement white box testing, the testas to deal with the code and
hence is needed to possess knowledge of codinfpgitd.e. internal working of
the code. White box test also needs the testeyalo into the code and find out
which unit/ statement/ chunk of the code is malfioming [4]. It mainly aims at

testing whether we are getting required output gitten output or not.



» Black box testing as the name suggests gives only the external vietheo
software. This type of testing involves, testintper functional or non-functional
aspects of the software, without any sort of rafeeeto the internal structure of
the software [8].

* Gray box testing technique refers to the technique of testing aesyswith
limited knowledge of the internals of the systentaysbox testers have the
access to detailed design documents with informateyond requirement
document. The developer carries out unit testing in ordercteck if the

particular module or unit of code is working fine.

1.2 Typesof Testing
Testing can be done at various levels as discussled:-

e Unit testing: The developer carries out unit testing in ordercheck if the
particular module or unit of code is working firehe Unit Testing comes at the
very basic level as it is carried out as and winenunit of the code is developed
or a particular functionality is built [3].

* Integration testing: Testingin which modules are combined and tested as a
group. Modules are typically code modules, indialdapplications, client and
server applications on a network, etc. Integrafiesting follows unit testing and
precedes system testing.

e System testing: This testing is conducted on a complete, integratedesydb
evaluate the system's compliance with its specifeeglirements. System testing
falls within the scope of black box testing, and sash, should require no
knowledge of the inner design of the code or |¢g]c

* Regression testing Similar in scope to a functional test, a regressésh allows a
consistent, repeatable validation of each new seled a product or Web site.
Such testing ensures reported product defects bese corrected for each new
release and that no new quality problems were doited in the maintenance
process. Though regression testing can be perfomaeaially an automated test
suite is often used to reduce the time and ressune=ded to perform the

required testing [17].



1.3 Test Case

A test case has components that describe an iaptign or event and an expected

response, to determine if a feature of an apptinas working correctly [13].

1.3.1 Need of atest case
The basic objective of writing test casestasvalidate the testing coverage of the
application. CMMI companies strictly follow test cases standarglo writing test cases

brings some sort of standardization and minimihesad-hoc approach in testing [21].

1.3.2 Fieldsin test cases

Fields in a test case are:-

Test caseid: Unique for each test case

Unit to test: What to be verified?

Test data: Variables and their values

Expected value: What should be the output if ok?
Actual value: What is the actual output?

Status: Pass if the actual and expected values are samééts

Test case example
The following test case tests the output of thestiom call u.input() which is entering the
username, p.input() which is entering the passvadatails and t.display() is displaying

the thanks message if username and password matches

Table 1.1 Test case example

Test | Sequence Expected value Actual value Status
case | caliSteps
ID
1| v.mput()- uvsername="abep | username="abe password="38 tha | pass
spanput()- | assword="38.than | nks for entermg wsername and
=t.display() |Lks for entering | pwd
username and
pwi.




1.4 Object Oriented Programming (OOP)

Object-oriented programming is a programming paradigm using "objects" which are

the data structures consisting of data fields aathods together with their interactions to

design applications and computer programs.

1.4.1 Featuresof Object Oriented Programming

Class- A class is a template for an object, a user-aefidata type that contains
variables, properties of an object. A class defiabstract characteristics of a
thing (object), including its characteristics (@tributes, fields or properties) and
the things it can dobghaviors, methods, operations or features). One might
say that a class is a blueprint or factory thatdess the nature of something. For
example, the classog would consist of traits shared by all dogs, sustbeeed
and fur color (characteristics), and the abilityoerk and sit (behaviors). Classes
provide modularity and structure in an object-ogehcomputer program.

Object- An object is the basic building block of objectearied programming.
Programmers developing a system model create oblgsses to represent each
component of a system. Those generic classes areuted to create specific
instances of each object for use in the programedbd may interact with each
other through the use of methods object doesn't exist until an instance of the
class has been created. A class is just a definitidhen the object is physically
created, space for that object is allocated in RAMItiple objects can be created
from one class.

Encapsulation- Encapsulation in OOP-terminology means that an abbijgas
something like a shell around it protecting theilattes or status variables from
being accessed from outside of the object. Theprigelto the object and to
nobody else. Only the methods of the object hawvesscto them, can read and
modify their values. The methods, providing thevems of the object, are the
interface to the outside world.

Polymorphism- Polymorphism in OOP-terminology means that a certai
message may be implemented by different objectdiffierent ways. A good

example is the “display’-message sent to a nurabstring of characters or a list.

4



It is always the message 'display yourself!'. Thgpat must know itself what has
to be done and how, nobody cares as long as teetappears on the screen.

* Method Overriding- Method overriding in Object Oriented Programming a
language feature that allows a subclass or chidsclto provide a specific
implementation of a method that is already provibdgne of its super classes or
parent classes. The implementation in the subotagsrides (replaces) the
implementation in the super class by providing ahoe that has same name,
same parameters or signature, and same returna/plee method in the parent
class.

* Inheritance- Inheritance is the process by which new classeledaerived
classes are created from existing classes chHsdclasses. The derived classes
have all the features of the base class and tlgggroner can choose to add new

features specific to the newly created derivedsc]as].

Benefits of inheritance
» Reusability of code
» Saves Time and Effort
 Extendibility
¢ Information Hiding

* Increases Program Structure which results in grealiability.

1.4.2 Typesof inheritance
» Single inheritance- In which derivedclasses have only one base class as shown

in figure 1.1(a).

Figure 1.1(a) Single inheritance

Example- Vehicle is a base class and car is a derived @ad car is using the

inherited features of Vehicle such as Registerfshim figure 1.1(b).
5



Welicle

Welucle()
Fegister()

Can

Car{)

Register()

Figure 1.1(b) Example Single inheritance

Multiple inheritance- It refers to a feature of some Object-oriented pogning
languages like C++ etc. in which a class can imherhaviors and features from

more than one super class as shown in Figure 1.2(a)

A\ /B

C

Figure 1.2(a) Multiple inheritance

Example- In figure 1.2(b) List and Ordered are base ckssel OrderedList is a
derived class which is inheriting the features ist and Ordered class. Java does

not support multiple inheritance.
List Ordered
First Sort
et Search
Insert
Delete

Orderedlist
Show O

Figure 1.2(b) Example Multiple inheritance

Multilevel Inheritance- It is the enhancement of the concept of inherganc
When a subclass is derived from a derived clags ttiie mechanism is known as

6



the multilevel inheritance. The derived class idecathe subclass or child class
for its parent class and this parent class workb@<hild class for it's just above

(parent) class. Figure 1.3(a) shows multilevel rithece can go up to any number
of levels.

C

Figure 1.3(a) Multilevel inheritance
Example- Vehicle can be an abstract class and Bus is imhgrieatures of
Vehicle and A/C Bus is a derived class of Bus wh&mheriting the features of
Vehicle as shown in figure 1.3(b).

Vehicle

Fy

Bus

&

ASC Bus

Figure 1.3(b) Example Multilevel inheritance

1.4.3 AccessModifiers

Access Modifiers are keywords used to specify xdaded accessibility of a
member of a type.

« Publicis visible to everyone. A public member can besased using an instance
of a class, by a class's internal code, and bydasgendants of a class.

o Private is hidden and usable only by the class itself. déde using a class
instance can access a private member directly aitlden can a descendant class.

« Protected members are similar to private ones in that threya@cessible only by

the containing class. Protected members also majséé by a descendant class.
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Members that are likely to be needed by a descéndass should be marked
protected [16].

Types of Bindings

Static Binding or Early binding means that our code directly interacts with the
object, by directly calling its methods. Since twenpiler knows the object's data
type ahead of time, it can directly compile codernweoke the methods on the
object.

Dynamic Binding or Late binding means that our code interacts with an object
dynamically at run-time. This provides a great dafaflexibility since our code
literally doesn't care what type of object it iseiracting with as long as the object

supports the methods to be called [19].

In this chapter, what software testing is and wihg necessary is discussed. Next are

various testing methods such as black box testifgte box testing and gray box

testing. Then is a Test case which we start ma&inggequirement analysis so as to

give reliable and good quality software with noleast level of bugs. Its template is

given which tells the required attributes and aaneple how to write test cases. After

that Object Oriented Programming its various fesgumcluding inheritance are

explained. The use of Access modifiers and its gypech as public, private and

protected which tells the inheritance scope of olass with the other. Types of

bindings as static and dynamic binding which is pibentime and run time binding

respectively are also discussed.



Chapter 2 Literature Survey

According toDuke of Wellington, “The business of life is to endeavor to find otiatv
you don’t know from what you do; that's what | eall'guessing what was on the other
side of the hill” [30]

Software testing is any activity aimed ataleating an attribute or capability of a
program or system and determining that it meetsesiired results. Since it is crucial to
software quality and widely deployed by programnmend testers, software testing still
remains an art, due to limited understanding ofgheciples of software [30] .Object
oriented approach for programming is the need efhthur. Many researchers are trying
to make it error free. The work done in this ai#aate is summarized here. Andrew has
used class diagrams, test adequacy criteria whiehlefined for use in dynamic testing.
A test criterion is defined by using collaboratidiagram [1]. Rountev has presented a
general approach for adapting whole program clasdyses to operate on program
fragments in polymorphism [2]. Alexander descriltlee syntactic patterns for each OO
fault type say the software contains an anomaly @oskibly a fault [23]. There have
been some conflicts in ideas, concepts, and opnammong researchers regarding Object
Oriented Programming [27]. Robert V. Binder focusedtest case design - heuristic and
formal techniques to develop test cases from olgeented representations and
implementations, testability - factors in contrbildy and observability [23].Various
issues and problems that are associated with ggstitymorphic behavior were discussed
by Saini [26] as discussed below.

2.1 Singlelnheritance

211 Problemsin Singleinheritance with polymor phism and method overriding

In single inheritance there are two classes X andth variables and functions as shown
in Figure 2.1. Suppose that an instance of Y islusstead of instance of X. It can be
seen that the overriding method Y.o() has a diffedefinition set than X.o()



Methods | Definitionx Ulsesx
H.oof) l:.':-"!-ﬂ,f'f-*-'-'fl

B — T —
X.po) k T N¥.a
X.gd X.b i
wWooil) = | x. b
W) = |

X.20() i3 followed by X.p ()
and X.g0)

Figure 2.1 Definition use pairs resulting from X.@fllowed by X.p() and X.q() [25]

There are two classes X an

figure 2.2.

X

v

Figure 2.2

If the sequence of method

d Y and calling sequsngien in the order shown below in

1]0 - 00 -=p 0-:::-(10 -:Z::=-.E-O

00-p0)

Order of sequence calls of Class X and Y

calls shown in figureV2e8e made in the context expecting

an X but through an instance of Y, no data flowraaty would exist. But if the call to

X.0() is followed by Y.o() us

ing instance of Y, anomaly would exist.

i) o) p->q(->e()

Y
Diata flow

N

T o()-=p

anomaly

0

Figure 2.3 Method n() called through instance @nd data anomaly in p() and q()
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2.1.2 Some Definitions

In order to design an algorithm for detecting anli@sa Some terms are used which are
defined below:-

Type Family: It is a set of classes that share a common behawtibrrespect to a base
class A family (A). Each descendent of A is a member B of A’s fanlfiyB is in A’s
family, polymorphism means that any instance of Bynbe freely used wherever an
instance of A is expected. Every class A defingype family, and that type family
includes at least A. L&t is a class in some type family.

Used by: A state variables € A is used bysome methodn ¢ A if v is used in some
expression im.

Defined by: A state variabley € A is defined bysome methodn ¢ A if m assigns first
legal value tov.

Dependency of M ethods: Two methodsn,ne A, said thaim is dependent on if muses

a state variable ¢ Awhich is defined bwy.

Sequence diagram: The sequence diagram can be a better way to uaddrite flow of
control in program when initiation of one methocdeeution initiates execution of another
method. To be able to develop some algorithm whiety work at design level for the
above discussed problem and its sequence diagnaprssented [6].

The sequence diagram of the example given in figute Method n() is called on some
object of X which in turn calls method o(), whichlls p() and finally p() calls q() over
the same object. This is what the intention of progmer was when he calls method n()
over object of X using object reference of classTKe problem comes when object
reference of X is associated with an object of Mahs a subclass of X and it overrides
methods o() and p(). But since any object may hd hiith the reference of its ancestor’s
type in a type family and this fact is unknown tilih time. To be able to test it at design
level an algorithm is given, which takes the segeetiagrams and dependency relation
of methods as input and finds out the possibilify data anomaly because of

polymorphism and method overriding [26].

11



2.1.3 Test Algorithm

Let A is some class of a type family TF, ifee TF which hasn methodsm ¢ A, for all
i=1 ton andSis the set of all sequence diagrams.

Inputs: Sequence diagrams involving objects of some tyassclDependency relation of
all the methods for all classes in the same typelya

Output: Whether there is possibility of data anomaly, ifsyen it returns TRUE
otherwise FALSE.

Algorithm:

1.initializeresult = FALSE

2.for every clas® ¢ TF do

3.for all methodane Ado

4.for each state variables A used bym do

5.if v is defined bym ¢ Afor somek between 1 tm

6.and if m, is overridden by some claBs TF andB is descendent d& then
7.for each sequence diagreﬁns Sdo
8.if SI contains object of and there exists a call ] from mkin S1 then

10. result=TRUE

11.return result

Explanation: In object oriented paradigm the communication betwebjects takes

place by message sending. A sender object senéssage to request a receiver object to
fulfill a particular service [26]. A message sergisequence is a sequence of messages
flying between objects in an interaction under acHfc scenario. Required is to test the
message sending sequence. The context in whichrtecyt@&r message sequence is
initiated must be tested. The above algorithm f@iag on some type family TF. It takes

each of the classes one by one and if it finds any variab?lewhich is used by some
methodmI in that class. Then it checks whether that variabldefined by any other
methodmk and if so then it becomes important to check Whammhodwis overridden
by any descendent claBsbecause if it happens to occur then at run timeotlegridden

method will execute even if some methodAok called using the context &'s object.
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Now it is required to check all such sequence diagrwhich contain an object Afand

are making a call to methoth from methodm If such sequence occurs then

polymorphism will create problem at run time anthdanomaly would occur.

2.2 Multiple Inheritance
® Multiple Inheritance is the ability of a class tave more than one base class
(super class)as shown in figure 2.4.
® Multiple inheritance complicates a programming laage significantly, is hard to

implement and is expensive to run [28]

Displav() Dizplay)

‘X/,/"

C

Display()

Figure 2.4 Multiple inheritance with no ambiguity

In figure 2.4 if the object of class C is createdobj and obj.Display() will display the
method of itself. Output - “called with C objectit will not override. It will not be
checking in the other classes.

If the object of class C as obj and obj.Displag(ekisting in both the base classes will

createambiguity as shown in figure 2.5.
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Dizplay) Dizplay)

‘R—//’,”

C

Show O

Figure 2.5 Multiple inheritance with ambiguity indplay()

2.2.1 Multipleinclusions

In this a class can have any number of base classes
Exampleclass A : B1, B2, B3, B4, B5,B6 { ... }.

It is illegal to specify the same class twice illstof base classes.
Example class A: B, B {... }; // error

It would be illegal and unambiguous [28]

2.3 Multilevel inheritance

Like single and multiple inheritance data flow arabies occur in multilevel inheritance.
It has shown 3 levels of classes with the overmdtienctions and defining that each
overridden function has its own specific propertésts class. Thus wrong calling to a
function will call other function which would returgarbage values if it would not be
defined or if it would have its dependency on otbkxss. Figure 2.6 showing A::h is
defining two variables and B::h is defining oneiahle. So instead of calling A::h, B::h

is called then it would be a run time error [20].
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A
-t
b Different def sets
W
+d()
+g() Meth
+_"{i}l A::h
- Az
40 —
MO A
—13— B::h
" B::i
—+h() Eff'f
= +i() )
+k() C::1
c
+i()
+j()
+1()

Figure 2.6 Hierarchy and definition uses table afti@evel inheritance [20]

Suppose the calling sequence given below in figure

A 4 (-=g()-h(}-=10->30->10

B hJ->1()-k()

C 1(J->30->10

Figure 2.7 Sequence calls in multilevel inheritance

Data flow anomaly occurs; example after callingi A::j is to be called but C:;j is
wrongly called that would give data flow anomalysaswn in figure 2.8.
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+d ()

" :; » A::i with respect to A::

0o » C::l with respect to A::
+1()

Data Flow :
Anomaly!

@ >

+h ()
+i ()
+k ()

T A ‘ E(_l_—'______g(l "*Q h()
B \‘ h(] Seat
c SN
i () Inst:mtnateq c S ;
+ 0 ype So s
+1 ()

Figure 2.8 Data flow anomaly in multilevel inherite [20]

Inheritance and polymorphism provide simplest wafyeuse in object oriented systems.
Christian had focused on object oriented systenth witegration testing as object
oriented technology is too complex and it is a reie and iterative process from
analysis, design, implementation and testing viéjv There are many modules having
interactions which increases the complexity and enaktegration testing difficult and
creates problem with generation of test cases A§xander described the syntactic
patterns for each object oriented fault type sayirag the software contains an anomaly
and possibly a fault [22]. Pressman suggesteditibegration of the system as a whole
and then testing is a big bang approach in whictihalunits are taken together and tested
together which is doomed to failure [6]. So incremaé integration i.e. collaborate two
units is used and then apply integration testiregilltFhased testing is discussed by him
which identifies the method calls, objects whicls Hagh likelihood of uncovering

plausible faults [19].
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Chapter 3 Problem Statement

According toTolkien, “If we fail, we fall. If we succeed - then we wWidke the next task.”
[32]

Various anomalies occur during compile time and tiore in object oriented systems.

They are discussed below:-

* Compile time binding: It is known as static binding. As shown in figlB& on
compiling a program it will give error in multipleheritance if the same function
name exits in various base classes but doesn’t exibe derived class. If the
same function name exists in the derived class theil call its function only
i.e. it will not give call to functions that exisits the base classes so no ambiguity
exists with anomaly removed.

* Run time binding: It is known as dynamic binding. It is binding ofr@mber
function with an object at. Anomalies occur in bathultiple and multilevel
inheritance. They are difficult to trap in larges®ms having large number of
classes and objects. It doesn’t give any errorevtdmpiling. But if the output is
not as required i.e. it is giving garbage value aode is correct. Problem is the
incorrect use of object while calling methods amdctions because value is

retained object only. Wrong function disturbs thieoke system and the error is

difficult to find.
Anomalies During
Binding in Inheritance
[
¥ ¥
Static Binding Dvnamic Binding
|
i v
Multiple Inheritance with Multiple Inheritance Multiple Inheritance
ambiguities with anomalies removed
Multilevel
Inheritance

Figure 3.1 Anomalies during Binding in Multiple ahtlltilevel Inheritance
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Ambiguity is a compile time error that occurs dgrstatic binding. And returning

garbage value is a run time error that occurs dutynamic binding.

Various approaches discussed in Chapter 2 havdifiddnanomalies during testing
Object Oriented Programming using single inherigafiz6]. None of the approaches
identified anomalies during multiple and multileueheritance. Many anomalies exists
and increases many folds as level of inheritanceeases. Need is to design an algorithm
for testing anomalies in multiple and multileveharitance.
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Chapter 4 Proposed Methodologies

According toTerry Pratchett, “Winners never talk about glorious victories. Tisat
because they are the ones who see what the balttledoks like afterwards. It's only the

losers who have glorious victories."[32].

A solution is proposed to detect the anomaliesudised for both the multiple and

multilevel inheritance.

4.1 Algorithm for Anomaly Detection of multipleinheritance
An algorithm is designed for detecting the anonsalie multiple inheritance. For this
various definitions used in the algorithm are désad.

The terms and definitions are same as discusselthioter 2 [26].

4.1.1 Algorithm for static anomaly detection in multiple inheritance

linitialize result=false

2 for every class TF do

3for all methods me A and A is the child class or leaf nodte

4.if there exists multiple parents for some p betwetnr2of child classhen

5.if each parent class publicly inheritedthen

6.and if method mof parent class is also defined by some other garkasse TF and
child is the descendent of parent but the chilé€ldoes not contain the method m
and there exists a call from child class objeatethod of mparent clasghen

7.result=true

8.end for

9.end for

10.end for

11.if there exists a call to method with the object dpetiwith the class nantben

12.return result
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Explanation: Let’'s suppose initially there is no error in fw@gram. So, for that results
is initialized as false. Then every class is bathgcked that belongs to the same type
family starting from child class. To check for #lle methods defined in the child class.
Here child class is the leaf node. If there existdtiple parents (2 or more than 2) of that
child class then there can be the chances of aityi@uoth the parents have the same
method present in both the classes but not defmé#tk child class. If child class also has
the same method name defined then there will benmaiguity at all because the call will
go only to the method present in the child clastheDcase is to check whether the
parent’s classes are publically inherited or nbthé all parent classes are publically
inherited then there will be the chance of an eBoippose there are two parent classes of
one child class. One class is publically inheriged other is privately inherited then in
that case there will be no error but in that césee can occur the problem of dynamic
anomaly that if inherited the parent class priwateid its data members are being used in
the child class. Then instead of inheriting thegimal value the garbage value will be
taken. For checking an ambiguity for the existeotcenultiple parents and whether they
are publicly inherited. Then checking for the mekhd they are present in all the parent
classes but not in the child class. And child is tlescendent of parent and calling the
method of parent class with the object of childsslaThen there exists the static
ambiguity which is a compile time error. And thesuk changes from false to true that
there is an ambiguity. If the method is called witle specified object with the class
name and method, then there will be no ambiguisaihe method name is defined in the

other parent classes.

4.1.2 Algorithm for dynamic anomaly detection in multiple inheritance
initialize result=false

for every class TF do

for all methods me A and A is the child class or leaf nodz

if there exists multiple parents for some p betweennlof child classhen
for parent class is inherited for some p between 1do n

for each state variablg ¢ parent used by o

N o o bk~ w0 Db P

if v;is defined by ge parent for some k between 1 to m
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8. andif m is overridden by child classTF and child is the descendent of parent
then

9. if there exists a call with child class object frogtanmof parenthen

10.result=true

11.end for

12.end for

13.end for

14.if there exists a call to method with the object dpaw the class nantden

15.result =false

16.return result

Explanation: Here also suppose initially there is no errorhie program. So, for that
result is initialized as false. Then checking foery class that belongs to the same type
family starting from child class. To check for #ile methods defined in the child class.
Here child class is the leaf node. If there existdtiple parents (2 or more than 2) of that
child class then there can be the chances of awyothat whether the parent class is
publicly inherited or not. Anomaly exists becawde¢he wrong object call is given. So
for that checking the state variable that belorg<child class methods. So for this
checking the state variable used by the parenttemdariable Ms defined by method m
of parent class and this method is overridden blgl adtass and there exists a call with
child class object from o my of parent class. If the result returns true i.eréhexists
data flow anomalyAnd if there exists a call to method with the objspecifying the

class name there would be no data flow anomalytlamdesult is false.

4.2 Algorithm for Anomaly Detection for multilevel inheritance

An algorithm is designed for detecting the anonsaiire multilevel inheritance. For this
various definitions used in the algorithm are dssmd. Definitions are same as discussed
by Saini [26].

4.2.1 Algorithm for anomaly detection in multilevel inheritance
1. initialize result=false

2. for every class TF do
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o 0 k& w

8.
9.

for all methods me Ado

for each state variablg ¢ parent used by ntlo

if v;is defined by e parent for some k between 1 to n

and if m is overridden by some class chi#dl'F and child is descendent of parent
then

if child class contains state variable of parent slasd there exists a call tg m
from nxthen

result=true

if child class contains sub clagsen

10. set child=subclass
11.end for

12.end for

13.set parent=parent +1
14.end for

15.return result

Explanation: Let’s suppose initially there is no bug in thegmam. So, for that result is

initialized as false. Check for every class stgrftom parent class that belongs to a type

family. In that class checking all the methods wiedi the parent class. Check for each

state variable that is defined in the different moels of parent class. Check whether that

method is overridden by its child if it exists. Tha those methods check for the state

variable. If that state variable is used then tleists some data flow anomaly, the result

becomes true. If there exists sub class of thatl dhass i.e. the grand child, then swap

grand child with a child and parent child relatibipsis there. And will check for the

anomalies again and this continues till last leseeached After completing all the levels

parent is incremented i.e. come one level downraalle level 2 a parent and then the

process continues from step2 for finding anomaligbe parent child relationship.

In proposed methodologies an approach for deteetirgnalies in multiple inheritance

with static and dynamic error and an approach ftecting anomalies in multilevel

inheritance is discussed.
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Chapter 5 Resultsand Findings

According toRobert A. Heinlein, “Everything is theoretically impossible, until it is
done” [31]

5.1 SingleInheritance

In this section results of single inheritance asewukssed. Implementation of single
inheritance is shown at first.

5.1.1 Implementation for singleinheritance

There occur anomalies in single inheritance. Kirsthriable part is discussed which
shows whether variable is accessible with the requobject or not example base class
object cannot access derived class variable. Belmvfew cases given showing the

possible cases of accessing a variable.

CASE 1. When we try to access public variable of base class by base class or by
derived class OBJECT then:

Now in this case we do not get any error for tliisecwe can access every public variable

CASE 2: When we try to access private variable of base class by derived class
OBJECT:

In this we have 2 private variable which is notduge DERIVED class those are “e, f.
So when we try to variable “e” by derived classeabjthen the following error will come
as indicated in figure 5.1.

[l ]——————— Mes=ssage

sError SE.CPP 111: ‘hase::e’ is not accessihle

F1 Help Space Uiew source Edit source F1i8 Henu

Figure 5.1 Private member of base class not aditedsy derived class

CASE 3: When we try to access public variable of base class by derived class
OBJECT which isPRIVATE in derived class
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Figure 5.2 shows the variables which are publidbase class but are PRIVATE in
Derived class are “g, h”. When we try to accessithee will get the error and we cannot

access them as those are private member of deriassl

N Hggsage

sError SE_CPP 111: 'derived::g’ is not accessihle

F1 Help Space Uiew source Edit zource FiB8 Menu

Figure 5.2 Public member of base class with privateritance not accessible by derived
class

CASE 4: When we try to access private variable of base class by derived class
OBJECT which are PUBLIC in derived class.

In this case wealo not get the error as those variables are public in derived clase. Th
variables which are Private in base class but Publderived class are: - “b, d”. These

variables can be accessed by derived class object.

CASE 5: When we try to access private variable/public variable of derived class
(which isnot a member of base class) by base class OBJECT

We will get an error as we cannot access the Mariabderived class which is not a
member of base class (private or public). The emithbe like this when we try to access
one of the variables which are not a member of lotesss “n, o, p, and q “We run the

case for “n” and for “q” as shown in figure 5.3.

F1 Help Alt—F8 Mext Msg Alt—F? Prev Msg Alt-F? Compile F? Make F1i8 Henu
Figure 5.3 Variable of derived class is not clasisatcessible by base class
Screen shots of simple inheritance of variable ssibdity with an object are shown in

figure 5.4. Similarly is the case in which accesisybof variable with different functions.

Its screen shots are shown are shown in figure 5.5
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have the following private bhase class wvariahles
b C d e f
have the following public bhase class variahles
h i J k 1
ou have the following private derived class variahbles
c o h n o
ou have the following public derived class variables

d i J P q

ou have the following base class functions

unctionl<h
ou have the following derived class function

funcion2{)

which part you want to access UARIABLE ox FUNCTION
press (U>» for variable or <F>» for fuction

enter the object by which u want to access the variable
preszs B for base class obhject and D for derived class variable
b

hooze the variahle from given variable which you want to access hy Base obhject
a.h.c.d.e . f.g.h.i.ji.k.1.n.0.p.g

o
RROR : The variable you want ot access hy BASE CLASS
object is not a member of BASE CLASS

Figure 5.4 Screen shots of accessing variableawitbbject in single inheritance

have the following private base class variables
b C i} e f
have the following public base class variables
h i J k 1
have the following private derived class wvariables
c q h n o
have the following public derived class variables
d i J v q
You have the following base class functions
functionl<»
You have the following derived class function
funcion2 <>

-3oE-JaE-JoE-JoE-Jnf- -3 -Jof 3o 3o 3o -3of -3of 3o -3uE -3oE-JoE-JoE-JoE-Jof-Jmf- - JmE-Jof 3o 3o 3o -Jof -Jof 3o -3IuE -3uE-JoE-JoE-JoE-Juf-Jmf-Jmf- - JmE 3o -Jof 3o 3o -Jof -Jof -3eE-3eE -3eE-JoE-JoE-IoE-Jmf-Jmf- T Ik Jof-Jof-Tof-Jof-Jof e

which part you want to access UARIABLE ox» FUNCTION
press (U> for variable or (F> for fuction

the obhject by which u want to access the variahble
B for base class object and D for derived class wariahbhle

function wyou want to use?
r for fichase class function?> .s for F2<{Derived class function?>

variable u want to access
,c.d. e f ;g :h .1 .3 k. 1.n.0.p.9q

= FUCTIONZ is not the member of BASE CLASS_
Figure 5.5 Screen shots of accessing variableavtinction in single inheritance
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In table 5.1 showing the accessibility of publicgrivate members.
Table 5.1 Accessibility of public and private memshe

Oikjeot Boaz= Boaze Boasz= Boasze Boaze Boasze Crarive Darive
uklic I ukslic e rieot e rivate e Fiwra t ksl L=l o
= o= Euklic
O =riwe O = rivwe O erive Chermwe FPriwate
< =] el =] oLk “fa Lhe e s S B
vk lic e rivate B rivate e b li Lo l. Lk s Je oo™
= an o b ool
L= T .
UL ooy, kT Sy ot [EEE 77
Bazes e W es Error Errar Error T es st — oA
Srror Srrsr
Class [P [hao Case ] Zase 1 Caose [ =
=rrar] =rrar] 1 =rrar] Caze 1 Caze 1
TP 13 ESPeLL
Srror Srrsr
Zaze-7 Zaze -
=
i bt —
oo s PR e
Srror Srrsr
Diarive =t Error Error e R Rt E rror e
=
[P Case O Case S [ =T [ < Case O [Feo
<loass =rrar] = r] =rrasr] =rrasr]
case 32
Soy ot
= et
Caze
5
copn o7t
[ e
= T

5.1.2 Program to implement single inheritance in C++/

Code for detecting anomalies in single inheritarscghiown in figure 5.6.

. ¥ chid e 1ost rears i
¥ chide= coriodi =
. class X

. fpiebiiosrt aboos

Fa=i0;

2
Fy e
i
iz,
iz,

i
=
3
-
3. prablicrof)
=)
-
&

c=20:}
zi)

{ cotat == M g ="

g
Fb=i5;

COEdE L M o= s

A

iId. class Yoprablic X
iS5 {publicrir &

e

7.
&,
19,
2.
21

22
23

24
25.
2a.
27,
28,
29,

pubiicraf)
& d=25

=i

A

- vord maif)
e

¥yl
xI.of);
xi.pll;
yi.efl
yip(h
yigih}?

Figure 5.6 Code for detecting anomalies in singlesritance

26

cotstr= < M b= "r==h }

i oot =< " ="




By runningthe codeno anomaly is found i.e. it will successfully rumetcode without
static and dynamic errors. But if we change itsusege i.e. instead of calling x1.0() we
are calling y1.0() and not changing the remainieguence calls. We will not get static

error but we will get dynamic error i.e. output mhle garbage values because of the

dependency of the one module to the other.

5.1.3 Test Resultsfor Singleinheritance

In Table 5.2 are the tests results of single inherde showing there result.

Table 5.2 Test cases for single inheritance

Test case ID |Sequence Call |Expected value Actual value otatus

1. [o-=xp-=x | A=10 b=15c=2|A=10, b=gv, fail
= 0-=4 D 0.d=25 c=20,d=24

20 |xo-Exp-=x gl A=10 b=15 c=2 |A=10, b=gv, fail
Y -0 0.d=25 c=20,d=gv

3. |xo-sxg-Ex p A=10 b=15 c=2 |A=10, b=gv, fail
=y 0-2Y D 0,d=25 c=20,d=25

4. | p-Ex o= gl A=10 b=15 c=2 |A=gy, b=gv, fail
= 0-=4 D 0.d=25 c=20,d=25

5. |xp-=ng-=xo A=10 b=15 c=2 |A=gv, b=gv, fail
= 02 D 0.d=25 c=gy,0=25

B, |xg-=xo-=xpd A=10 b=15 c=2|A=10, b=gv, fail
=y 0-2Y D 0.d=25 c=gy,d=24

T o= p-=x o A=10 b=15 c=2 |A=gv, b=gv, fail
W= [ o="c Cos d=2e

B, |xo-=xg-=xp A=10 b=15 c=2 |A=10, b=gv, fail
= P-4 0 0.d=25 c=20,d=gv

5 |xp-exo-=x g A=10 b=15 c=2 |A=gv, b=gv, fail
= 0= 0 0.d=25 c=20,d=gv

100 pxp-=x.g-=x.0 A=10 b=15 c=2 |A=gv, b=gv, fail
sy p-=y.o |0,d=25 c=gv d=gv

T g-=o-=xp] A=10 b=15 c=2|A=10, b=gv, fail
syp-=y.o  |0,d=25 c=gv,d=gv

120 Peg-=x p-=x.0d A=10 b=15 c=2 |A=gv, b=gv, fail
2y p-=vo  |0,d=25 c=gv,d=gv

13, |y.o-=y p-=x.0{ A=10 b=15 c=2|A=10, b=gv, fail
=¥ P-2.(] 0,d=25 c=20,d=23

14, |y p-=y.o-=xo0l A=10 b=15c=2|A=10, b=gv, fail
sx.p-=xg |0,d=25 c=20,d=gv
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15, |y.o-2y p-=300d A= 10 b=15 c=2)A=10, b=gv, fail
e |0,d=25 c=20,d=25

16, |y.o-2y p-=xpd A=10 b=15 c=2)A=gv, h=15, fail
=y o-zxd |0d=25 c=20,0=25

17y o=y pe=a pd A=10 b=15,0=2|A=gv, b=15, fail
=gexo  |0d=25 c=gv,d=gv

18, y.o-=y p= gy A=10 b=15,c=21A=10, b=gv, fail
=0-=xp  [0d=25 c=gyv,0=24

19, |y o-=y pe=agd A=10 b=15 c=2|A=gv, b=gv, fail
=p-eno |0,d=25 c=gv,d=24

200 |yp-=y o-=x.of A=10 b=15 c=2|A=10, b=gv, fail
=egexp  [0,d=25 c=20,d=gv

2101y p-syo-= p A= 10 =15 c=2 [A=gy, =gy, fail
=o-exg |0,d=25 c=20,d=gv

220 |y p-=yo-= p A= 10 =15 c=2 [A=gy, b=gv, fail
=xgex0  [0,d=25 C=gv,d=gv

23 |y p-ey o-=x o A=10 b=15 c=2[A=10, b=gy, fail
=0-=xp  |0d=25 C=gv,d=gv

4. 1y p-=yo-= A= 10 b=15 c=2 [A=gv, b=gv, fail
=p-exo  |0d=25 c=gv,d=gv

20, o-zy p-=x g A=10 b=15 022 |A=10, b=gy, fail
=yo-=xp  [0,d=25 c=20,d=gv

8. [io-=y p-ey o A=10 b=15c=2|A=10, b=15, fail
svo-xyp  [0.d=25 C=gv,0=gv

2. Po-=p-=y gl A=10 b=15 c=2[A=10, b=15, fail
=o-=0p (0,d=25 c=gv, =25

8. |y.o-=p-m gl A=10 b=15 c=2 [A=gv, b=gv, fail
A0-=xp  [0d=25 =g d=gv

A yo-mp-sy A= 10 b=15 022 [A=gv, b=gv, fail
=o-2yp |0,d=25 c=gv,d=25

a0 o= p-=y ol A= 10 b=15,c=2 [ A=10b=15,c=20, |pass
Hp-=yq o [0,d=25 d=25
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5.2 M ultiple Inheritance

In multiple inheritance both the static and dynameicors are there. Firstly start

discussing with the dynamic errors and then statiors.

5.2.1 Implementation detailsfor multiple inheritance.
In figure 5.7 an implementation example showingeaswility in multiple inheritance.

BASE OME CLAZSS BASE TWO CLASS

Private variables: - a, b, c,d, e, f Private variables: -a, b, g, m, n, o
Public variables: - g, b, 1,3, k, 1 Public variables:-c,d, b, p, q. ¢
Function: - Funetionl, Functiond Function: - Function2, Functiond

DEEIVED CLAZS

Private variables: - e,1, m, p, s, t
Public variables: - £ 1, n, o, u, v
Function: - Function3

Figure 5.7 Implementation example multiple inherta

5.2.1.1 Accessing variable with an object
After testing the various errors occurred and fesvexplained below.

CASE 1. When we try to access the variables which are present in both the base
(parent) classes by derived class object.
There are six private variables: a, b, c, d. wiventry to access these variables by the

derived class object the following error occurredgshown in figure 5.8.

sError IMHERITA.CPF 25: Member iz ambiguous: ‘hase::a’ and ‘haseZ::a’

F1 Help Space Uiew source A Edit source F18 Menu
Figure 5.8 Ambiguity in multiple inheritance

CASE 2: When we try to access the variables which are defined in other classes

(base two and derived classes) but not defined in base one class
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There are variables: m,n,o0,p,q,r, syt v which are not the member of base
class or not defined in base class , when weotrgctess those variables by base class

object the following error occurred shown in fig&.®.

(IR —————— ) FEET

sErpror INHERITA.CPP 95%: ‘u’ iz not a member of *hazel”’

F1 Help Space Uiew source A Edit source F1H Menu

Figure 5.9 Base class accessing members whichoartefined in it

The screen shots of the above cases are shown befmgure 5.10

you have following private variahles of Base? class
a b g m n o

you have following public variables of BASEZ class
c d h p g =r

you have following private variabhles of Derived class
e i m p 3 t

you have following public variahles of Derived class
J n g u w

you have function of Basel class
functionl functiond

you have fuction of Base2 class
function2 functiond

you have fuction of Derived class
function3

F30E-30E-JoE o Jof-30f 30 a0 -3JoE-Jof-JoE—Jnf 3030 -JoE-JoE-JoEJof-Jof 30 30 - -Jof-JoE-Jof 3o Jnf -3 -30f o JoE- oo Jof-30f 30 -3 -JoE-JoE-Jof e a3 -30-aE-Jof-JofJof-3ef-30f -aE-3uE-Jof-JoE-Jof e -Jnf-3eE -3 -aE-Jof o Jof-3nf-3ef-Jef-Jef-JoE- ol i

vhich part you want to access UARIABLE or FUNCIION
press (U for variahle or (F> for fuction

enter the ohject by which u want to access the variahle
press B for BASEL class ohject.C for BASE2 class one object or D for derived cl
hoose the variable from given variable which you want to access by BASEZ ohject

a,b,c,d,e.f.g,h,i,j.k.1,m .n,o0.p,q,r,.s,.t,u,v

U
ERROR : Uariahle iz not a memher of Base? claszs
Figure 5.10 Screen shots accessing variable withbgact
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5.2.1.2 Accessing Function with objects

Here we are experimenting with the three functiboactionl, Function2, function3.
Functionl belongs to the base class, Function2nigsldo the derived one class and
function3 belongs to derived 2 class. In this peet will access all the variables of all
classes one by one and with different class obj@ase object and both derived class
object). Different cases will be obtained and déf@ error which will be classified

below.

CASE 1. When a base one class object is accessing a function 1, function4 and
functionl, function 4 is accessing the variables which are not defined in base one
class

The variables m, n, 0, p, q, 1, S, t, U, v are ¢heariables which are not defined in base
class. When function 1 which is defined in basesslant to access these variables the

following error will be occurred as indicated igdire 5.11.

[ ]= Heggage

sEppror IMHERITA.CPP 26: Undefined symbol *‘m’

Fi Help Space Uiew source Edit source Fi#d Menu

Figure 5.11 Base class functions accessing vadatiéch are not defined in it

CASE 2: When a Derived class objects want to access the variables via function3
which are present in both the base classes.

Figure 5.12 indicates that there are variables @, §, h which are not defined in derived
class and present in both the base classes. Whimedlelass object want to access one

of these variables via function3 then the followergor will come.

e Hgggage

=Error INHERITA.CPP 84: Member iz ambiguwous: *hasel::a’ and 'base2::a’

F1 Help Space Uiew source Edit source F1H Menu

Figure 5.12 Derived class object wants to accagables which are present in both base

classes.
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The screen shots of accessing variables usingifunscin multiple inheritance are shown
in figure 5.13.

vou have following private variahles of Base2 class
a h o m n o

vou have following public variahles of BASE2 class
C d h P q »

you have following private variabhles of Derived class
& i m P = t

you have following public variables of Derived class
J n g u v

you have function of Basel class
functionl functiond

you have fuction of Base2 class
function2 functiond

you have fuction of Derived class
function3

303~ -Jof 3o -3uF 3 Jof-Jof~3oE -0 - Jof~of~af-J0f - Jof -Jof~af—Jof -Jof-Juf~3uF—Jef-Jof-oE 30 ok -Jof-of-J0f -0 -Jof~af—Jof-Jof-Jof~uf 30 -Jof-Jof~3uE 3o -Jof-Jef-30 -0 -Jof-Jof 30 -Jof-Jof—ef - Jof-Jof~3uf 3 -Jof-Jof-3f 3 Jof-Jof-30f - J0f - Jof-ef - Jof-Jof-ef -

which part you want to access UARIABLE or FUNCTION
press (U2 for variabhle or (F>» for fuction

enter the ohject by which u want to access the variabhle
prezz B for Basel class and D for Derived class variable
End % for Base2 class
which function you want to use?
press B for Fl1<Basel class function>» .5 for f2{Base2 class function? ., T for £3<
Derived class function2
» U for f4<fuction of basel and base2 classes>

variabhle u want to access
e, d.e ,f ;g ,h.i.3. k.1 . m,.n.o.p.,q.mr

:Variabhle is not the member variable of BASE1l class
Figure 5.13 Screen shots of accessing a variabilg tsnction

5.2.2 Findingsin Multiple inheritance

Multiple Inheritance is the ability of a class tave more than one base class (super
class). The relationship between classes duringipteilinheritance is shown in Figure
5.14.

Farent 1 Farent 2
showt) show ()
Child

Figure 5.14 Multiple inheritance with static amhigu
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So calling the same method name of parent classmgdte compile time ambiguity [27].

5.2.3 Multiple Inheritance with Ambiguitiesin Dynamic (i.e. during Run-time)
Binding
Consider the following program in figure 5.15 usinltiple inheritance where the

anomalies are present at run time:

1. #nchude<iostream b= 12, ponit == " h="=<h

2. #Hrachede< comio b= 13,0

3. class A 14 class Crpublic A B

4. {public: int a; 15, {publicrint ¢;

5. void show() ia. void showf)

6. {a=10; 17, feout=<< "y c="<<q+b;
7. couts< "y g=r<<grtl; P

8. olass B 18 vard mainf)

20, {elrseri);
21 Cab;
22, abshowf);}

9. {public: imt by
10, void show()
11.$b=20;

Figure 5.15 Code for detecting dynamic anomaliesuttiple inheritance

In the above code, there is no ambiguity (i.e. taticserror but a run-time error). There
is a call to show() function which is present inthé three classes. Result will be garbage
because class B is taken as private by defaulh@numberl4 and the value of variable b
in class C will be taken garbage. Value of A wil borrect as it is publicly derived. So,

it will give run-time error.

5.24 Multiple Inheritance with ambiguities during Static (i.e. Compile time)
Binding
Consider the following program in figure 5.16 usingiltiple inheritance where the

anomalies are present at compile time:
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! #Hinclhide<iostream.bi> 13, ot =<' b="<<p;

2. #Hnclhide< canioh= 14. )}

3. class A 15, class Copublic Apublic B
4. {publicrint a; 16, {public:int ¢;

3. void show() 17 vaid showlf{)

6. {a=10; 18, feout=<"n c="=<q+b;
7.ocour<< My g= <<y, 19}

8.} 20 vord main()

9. class B 21 {elrscrf);

10, {public:int b; 22. Cab:

11.void showf) 23. ob.show();

12.{b=20; 24.)

Figure 5.16 Code for detecting static anomaliesittiple inheritance.

In the above code, there is a static error becabhse/() is present in both the parent
classes A,B and there is show1() present in thiel chass C. Now it become ambiguous
to which show() of the parent classes should bewgrd because now there is showl() in
the child instead of show(). So, there is a st@tibiguity at line 13 and the code will not
be executed.

5.25 Multiple Inheritance with Anomalies Removed
Consider the following program in figure 5.17 usingiltiple inheritance where the

anomalies are removed:
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I, #Enchide<iostream.bi> 16, {public: int c;
2. #nclude< conio b= 17.void show()
3. class A 18 feout=<"p c="<<q+b;
4. {public: int a; 19. )i
5. void showf) 20. void main()
f. =10
{a 24 felrserf);
F.ocon== " gq="<<lg,
22.Cab;
23, 0bArsshow(); /f calling class A show
2, class B

1.4 function
24.ob.Brrshow(); /N calling class B
1.5 show function

10, {public: int by
1. void showf)

12. {b=20;
13, cont<= "y b e < 25. ob.Crrshow(); i successful giving the
14,3 I A result

15, clazs Crpreblic A public B 26.

Figure 5.17 Code in multiple inheritance with antiesaremoved

In the above code, there is no error. Both thetime-and static anomalies are removed
because of specifying when and to which class shdwrfction to be called. Line
number23,24,25 specifies the solution to the an@siaHere show() is present in all the
classes and no showl() function in any class. Noawg§) is called by specifying the

object of specified class. So, it is the succegsfuhing of the code with no errors.

5.2.6 Test Resultsfor multipleinheritance

Now, there is one case study in which there is lbage class as library having data
members as bid, rno and member function as gedt{gr dase class as canteen having
data member function as getl() and one derived @astudent having data members as

sname and member function as display() as showigimre 5.18.
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Lih Canteen
+Eookid Hhiesszid
+Eno +hleals
Fgetl) Fgetli)

Student

+oname

+Dizplay ()

Figure 5.18xample of multiple inheritance

In the case study of Student, Lib and Canteen dfiphel inheritance discussed above.
Now test cases will be generated. For that | aeal)f Library function, ¢ an object of
Canteen class and s an object of Student clasgaded. Bid is book id, rno is rolino,

sname is student name. Values taken- bid=1,rno=%&it=20,meals=bread,sname=anu.

5.2.6.1 Unit Testing

In unit testing, there is testing of all the classdth their objects. And all classes are
getting pass status because functions and data emsnale initialized in them and

displayed in the same class. The case of displagtibn in student class (which is

derived of the get and getl base classes). Is@aliing the correct result of sname (i.e.
student name) and other parameters as garbageskbagdlbe inheriting their features in

the later part. The Test results are shown belotabie 5.3.

Table 5.3 Test cases of unit testing in multipleeiitance

Test Sequence | Expected value Actual value Status
case Il | call
111 get) kid=1,rmo=22 bid=1,mo=22, pass

o | c.getl() messid=20, meals=tread | messid=20 meals=tread | pass

s.dispaly) | Fno=gv, snatme=arm, mess | Bno=gv, shame=atn), mess | pass
3 id=gv, bid=gv id=gv, bid=gv
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5.2.6.2 Integration Testing

In this only two cases are passing out of six beeanf calling two in correct sequence
other in incorrect sequence which will give garbagdue. Example as in table 5.4
calling Display() function first and Get() functidater then obviously output will be the
garbage value. It is a human mistake. But in chlandling a larger project in that case
detecting such a mistake can be the difficult taf&kd if objects are not reduced or
changed and calling sequence is with the previdwsco similar to unit testing then a lot

of anomalies will be there.

Table 5.4 Test cases of integration testing in iplelinheritance

Test Sequence call Expected value Actual value Status
case D
1 Lgetl)-»s.displayt) | bidel rno=27 ro=21 shame=a | bid=1 =12 mo=gv srame=g | ful
1 triese =y hide] v tessid=ay hid=ay
2| cgetl messtd=20, meal s=hread sname | mesad=20 meals=bread =24 | fal
»g.dheplayl) =amy, =22 messtd=av bid=l | srarme=am messid=gy hid=]
3| s.dieplay()-=Last() | bicel pmo=2d hid=lro=22 ata | bid=] roo=42 bid=1 mo=gv st | fudl
me=an messid=gy, b=l me=gv mesa d=av hid=gy
4 | s displayl)-cgetl | tno=21 shame=anumesad=gy, | mo=gv sname=gv messidegv bt | fad
bk, messid=20 meal s=tread | d=gv messid=20 meal =read
3 | 8. g8t} display)) | bidel rno=22 ruo=22 smame=a | bid=1 mo=12mo=2 sratme=a | pass
. fnesst d=gy hidsd fmesstd=gy bhid=l
B |s.g8tl0)- messd=20 meals=bread, smame | mesad=10 meals=bread snarme | pass
o diaplay) =, rn=22 moessid=20 bid=l | =amrno=22 messd=20 b=l

5.2.6.3 System Testing

In system testing also, there are two test cas@sdn@ass status. Others are displaying

garbage value because of wrong function call awsho table 5.5.
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Table 5.5 Test cases of system testing in multigieritance

=4 hid=1

utnessid=1 meal =hread

Test Sequence call E xpected value Actual value Status
case 1D
1| z.get()-»z. g8 103- hid=1 rmo=22hid=1rno=22 sn | bid=1mo=22bid=1mo=12,3ata | pass
=g display) atne=atn messid=d meals=htre | me=atymessid=} meal =hread
ad bid=l hid=1 rno=234 statme | bd=1 hd=] mo=22 shatme=an
=af.tnes s d=d meals=hread utnessid=4 meal s=hread
2 | ggetl)-=z get()- messad=} meals=hread bid=1r |bid=1rno=22hid=1 mo=11 sra | pass
=g dizplay) no=22 hd=1 hid=l mo=22 hid |me=amymessd=d meal s=hread
=] roo=22 sname=amm,messd | bd=1 Hd=1 mo=212 srame=an
=4 hid=1 umessid=4 el s=hread
3 | 2. display()- tmessd=t meals=tread bid=1r |bid=1rno=22 hid=1mo=22 sm | fil
Fegetl-regetl) | no=22bd=5hid=l mo=22 bid |me=anumessid=} meal =hread
=% rhin=212 snatne=atn tessid | d=1 Hd=1 mo=22 shatme=an
=4 hid=1 utnessid=4 meal s=hread
4 | 5.display)- messd=} meals=tread bid=1r | bid=1 rmo=22 bid=1 mo=232 sm | fil
Feget1-Fegetly | no=22hd=1 hid=] rmo=23hid | me=am,messd=} meals=hread
=4 ron=22 sname=amm messad | hid=1 hd=1 mo=212 sname=an
=4 hid=1 umessid=4 el s=hread
3 | s.get()- tessd=t meals=tread bid=1r | bid=1rmo=22 hid=1mo=22 sm | fil
=g display)- fo=22 hid=] hid=1m0=22 hid | me=atmy messid=} meal =hread
=5.get 10 =% rhin=212 snatne=arn messid | hd=1 Hd=1 mo=22 shatme=an
=4 hid=1 utnessid=4 real s=hread
B |sgetl]- messid=} meal s=tread bid=1 ¢ | bid=1 rmo=22 hid=1,mo=22 sma | fail
=g displaw - no=22 hd=1 hid=] mo=22 hid | me=amymessd=d meal s=hread
=5 get) =] roo=22 sname=amm,messd | bid=1 Hd=1 mo=212 sname=an

5.2.7 Anomaliesidentified from multiple inheritance
* An error comes in integration testing that is cglan object with base class object
and then using other function with derived clasgab Example is shown in Figure

5.19.

Lget()-=s.display() ———80—"

Diata flow
anomaly

Figure.5.19 Data flow anomaly 1

* Figure. 20 shows a case in which base class doesaftle a derived class but a
derived class can always call a base class.
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get)  getl()
=

Data flow
anomaly

display()

Figure 5.20 Data flow anomaly 2

* When a base class calls other base class in naultiperitance , an anomaly occurs
(Figure 5.21).

Data flow
atomaly

Figure.5.21 Data flow anomaly 3

* No anomaly: When both the base classes are intentderived class and they are
calling with the required object or with the deudvelass object as stated in Figure
5.22.

get() getl(
digplay()

Wo Data flow
anomaly

5.6t b5 get1() -=s display()

Figure.5.22 No Data flow anomaly

The above cases indicate that correct sequences @adsential for successful inheritance.

A model of Do’s and Don’ts in multiple inheritaniseproposed here.
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After defining the classes testing is requiredstiyr start with unit testing, then with

integration testing and then system testing so asaid various errors and anomalies.

5.3 Multileve Inheritance

In multilevel inheritance, we have various levelkiethh are defined in which anomaly
comes with method overriding or by giving wrongdtian call.

5.3.1 Implementation detailsfor multilevel inheritance

In figure 5.23 an implementation example showingeasibility in multilevel inheritance.

BAZE CLAZS
Private variables: -a. b, c, d, e, f
Public wvariables:- g, h, 1,7,k .1

Function: - Functionl

F Y

DEEIVED CLASS ONE
Private variables: -a, b, 2. m. n, o
Public variables: -c, d, h, p, . r

Function: - Function2

-

DEEIVED CLAZS T O
Frivate variables: - e, I, m, p, 5, t
FPublic variablesz: - £ 1, 10, g, u, «
Function - Function®

Figure 5.23 Multilevel inheritance example.
5.3.1.1 Accessing variable with an object
After testing the few errors occurred and thoseeamained below.

CASE 1: When we try to access the variables which are defined in other classes
(derived one and derived two classes) but not defined in base class

There are variables: m,n,o0,p,q,r, syt v which are not the member of base
class or not defined in base class, when we trgctiess those variables by base class
object the following error in figure 5.24 occurred
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sEprror INHERITA.CPP 25%: ‘m' iz not a member of °bhase’

Fi Help Space Uiew source Edit source Fi1H Menu

Figure 5.24 Base classes cannot access any otbeclass or derived class
CASE 2: when wetry to access the variables which are private member of base class

by derived one class object.
In this case when we try to access the private neesnbf the base class which is not
defined in derived one class with the derived dasscobject then the following error in

figure 5.25 will occur.

essage

sError IMHERITA.CPP 95: ‘hase::f' iz not accessihle

Help Space Uiew source Edit source F1H Menu

Figure 5.25 Derived class cannot access privaiaharof base class

The screen shots of the above cases are shown befagure 5.26.

have following private variabhles of Baze class
b c d e

have following public variables of Base class
h i J

have following private vardiables of Derivedl class
o m n o

haue}fﬂllnwing public variahles of Derivedl class
1 1] | *

have following private variables of Derived2 class
i m r = t

have following public variables of Derived2 class
J n g u u

have function of hasze class fuctionl
you have fuction of Derived class fuction2
you have fuction of Derived? class fuction3

Enter your choice

preszs{U} for variahle or (F} for fuction

u

enter the ohject by which u want to access the variahle

prezz B for basze classz ohject.D for derived clasz one variabhle or C for derived
class two variable

i

chooze the variahle from given variahles which you want to access hy DERIVED one
ohject

a.b.c.d.e . f.g.h.i.j.k.l.m.n.o.p.gq.pr.s.t.,.uw,uv

a
ERROR: Uariahle iz private member of DERIUED ONE class

Figﬁre 5.26 Screen shots of accessing variableamtbbject
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5.3.1.2 Accessing function with objects

Here we are experimenting with the three functiboactionl, Function2, function3.
Functionl belongs to the base class, Function2nigsldo the derived one class and
function3 belongs to derived2 class. In this paet will access all the variables of all
classes one by one and with different class obj@ase object and both derived class
object). Different cases will be obtained and déf@ error which will be classified
below.

CASE 1. When a base class object is accessing a function 1 and functionl is
accessing the variables which are not defined in base class

In figure 5.27, the variables m, n, o, p, q, rf,94, v are those variables which are not
defined in base class. When function 1 which isngef in base class want to access these

variables the following error will be occurred.

sErpror IMHERITA.CPP 268: Undefined symbol *‘m’

Fi Help Space Uiew source Edit source FiH Menu

Figure 5.27 Base class function accessing variatesh are not defined in it.

CASE 2: When a derived one class object wants to access the private variables of
base classvia FUNCTION2

The variables “e, f” are the variables which aré pr@sent in derived one class and are
private member of base class. In figure 5.28, winenderived one class object want to

access these two variables via FUNCTION 2 the Walg error will come

[l ]lm———————— Mes=szage

=Error INHERITA.CPF 54: 'hasze::e’ iz not accessihle

Fi1 Help Space Uiew source Edit source FiH8 Menu

Figure 5.28 Derived class accessing private vagiabbase class
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The screen shots of the above cases are shown befgure 5.29.

have following private variahles of Base class
h c d e £

have following public variablesz of Base class
] i J k 1

have following private wvariahles of Derivedl class
b g m n o

have following public variables of Derivedl class
h P q r

have following private variahles of Derived2 class
i m P = t

have following public variabhles of Derived? class
d n g u u

have function of basze class fuctionl
you have fuction of Derived class fuction2
you have fuction of Derived2 class fuction3
nter your c
pressCly for variahle or <F>» for fuction
T
enter the ohject by which u want to access the variahle
press B for hase class ohject and D for derived one class variahle
and ¥ for derived two class
h
which function you want to use?
press r for fichase class function? .s for f2{Derived clasz one function) , t fo
r fi(Derived class two fuction)
t
which variable u want to access
ab,c.,d,e . f.g.h.i.j.k.1l.,m,.n.o0.,p.q.,mr,

1]
ERROR :Function3 iz not the member function of BASE class
Figure 5.29 Screen shots of accessing variabledigiction

5.3.2 Program toimplement multilevel inheritancein C++

Table 5.6 showing various private, public and fiord of base and derived class. Then
the cases are given showing the accessibility o&dlbke and functions

In Figure 5.30, there are similar function named #Hwee different objects. And there

comes an anomaly when a function is called witfedt object name.
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1. #Anclude<iostrearn b= 27, dass Third:public Second
2. #Enchde<conio b= 28 {publicint u,
3. clags First 20 woid o)

4. {putlicint q.r,3 30. {u=a0,

5. woidal 31}

6 0 32 woid dO)

7. woid B zj ;;-.:uutc:c: iu=a0  "<=n,
8. {g=10; IR

o =20 35, woid maind)
oo
11, {cout=<"wn g=10 "<} 8. Second S

12. woid 30, Third T, ,
13 {r=30, 40. Fa(),

14 cot=<"n s=20 "=<g; 41 F gy,

15} 42, F.d),

16, void &) 43 F.d(,

17 {eout=<"w r=30 "<<r; 44, Foelh,

181, 45 5.0

19. dlaszs Second:public First 4d. 8o

20 {putlic:int t, 47 T.ay,

21, woid b)) 45 Ty

22, {t=50, 40 8 o,

230 00 Tdy

24, void o) >1. F.dix

25 {oout<="wn t=50 "=<i; =4 Fe);

6.1} 231

Figure 5.30 Code for detecting anomalies in mwlélenheritance

5.3.3 Test Resultsfor Multilevel inheritance

Here are the test cases shown in table 5.6 fomthiglevel inheritance which is having
the F, S, and T the objects of First, Second aridiTdlass as discussed aboWe.order

to test the proposed algorithm, various test cas=e generated and executed and are
summarized in table 5.6
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Table 5.6 Test cases of multilevel inheritance

Test Case Sequence call Expected() value Actual value Status

D

1. Fa()->F b(3->F.c)->F.d()->F e q=10,5=20r=30 |g=105=20,r=30 DaSS

2 Sb0-28.¢0 t=50 t=50 pass

3 T.e-=T.d0 u=l u=r0 pass

4, F.a()->F. b()->F o()-5F. d()->F e()->3.b()- =10,=20=30t |¢=10,s=20r=30t=50 | pass
>8.cl) =50

5 F.a0->F b(->F.c(->F. d(->F d0->F (- q¢=10,5=20r=30t |¢=10,5=20r=30,1=50, | pass
=3.b0-23.c0->T . cO->T.d0 =50,u=50 =60

£, F.a0)->8 bO->T c)->T.d0) u=60 =60 pass

7. F.a()->F.b0->8.c0->T.c()->T.d0) 1=50,u=60 T=50,u=60 pass

8 F.a0->F b(O->E8 bO->T.cQ->T.d0 u=0 u=0 pass

92 Fa0-=F b(->8 b()->8.¢)->T c(->T .d0 t=500=50 T=50,u=60 pass

10. | F.a()->F.b(->8b0->F.c()->F.d()->F &0) 8=20,r=30 §=20r=30 pass

11. F.a()->F b(->8 b()->3.c(->F.c0)->F 40 T=50,g=10r=30, |T=50,g=10r=30,5=2 | pass
*Fel) 5=20 0

12, F a()->8 b()->F b()-5F c()->F d()-5F () g=10,5=20r=30 |¢=10,s=20=30 pass

13, |Fa)->Fb0->8c) =50 T=v fail

14, F a0->F b(->8 o)->T.d() t=50,u=60 T=pv,u=gv fail

15, FaQ-=F b(-=8 cQ-2T c-=T.d0 T=50u=50 T=pvu=60 fail

16. | F.a0->F.b0->8b0)->8.c0->T.c)->T.d) | T=50u=60 T=50,u=60 pass

17. F.a(->F b()->8.c0->T.d) T=50,u=60 T=py u=60 fail

18, F.a0-2F b()-=F.c0)-28.¢0->T.d0 =10,E=50u=50  |o=10,1=v u=gv fail

19. | Fa0->Fb(->F c()->8.c0->T cO->T.d) | q=10,=50u=60 |q=10,t=pv,u=50 fail

20. F.a()->8 b(->8 c()->F. c(->F.d))->F e() q=10,=30,5=20r |g=pv i=50r=30s=gv | fail

=30

21 F a0-»8.b0)->8 c0-5T c)->T d0->F &) r=30t=50u=60  |r=pv t1=50,u=50 fail

22 FaQ-7F (-8 b0-23.c(-=T cQ->T d)- | r=30t=50u=60 |r=gv t=50,u=60 fail
=F a)

23, FaQ->8 b0->8c0->T cQ->Td0->F.d)- | r=30t=50u=605 |r=30t=50,u=605=gv | fail
>F &) =20

24 F.a0->F b(->3b0-23.¢()->T.c)->T.d)- r=301=50u=60,s |r=30,i=50,u=50,5=20 | pass
>FA0=Fe0 =20

25, Fa(sF b(->F c(->8 b(->T, c()->8.c()- r=30t=50,=20,q [r=30,t=50,=20,q=10 | pass
>F.d()->F e() =10

26, Fa(>Fb(->F c(->8 b0 T .c(>T d0- r=30u=60,5=20,q |r=30,u=60,5=20,q=10 | pass
>F.d()->F &) =10

27, Fa0-28 b(-»8.c() -=F d)->F.e() r=30t=50,=20  |r=30,t=50, s=gv fail

28 Fa0->F b0->T c0->T.d0->F.d0->Fe) | u=t0s=20r,=30 |U=60,5=201=30 pass

29 F a()->F b()->T c)->T.d()->8 c()-»8 d)) u=60,5=20r=30  |u=60,5=gv r=30 fail

30 Fa(->3 b(->F o)-F.d)) q=10=5=20 Q=gv,s=gv fail

3L F.a0->3 bQ->T.c0-28.¢0->F.c0->T .40 t=50=10,u=50  |T=50,¢=gv,u=10 fail

5.3.4 Findingsin multilevel inheritance

Figure 5.31 shows the class diagram of multilembEritance. It shows the various state

various and methods present in respective clagégs [
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First

+q
+r
+5

+a ()
+k ()
+c ()
+d ()
+a( )

Second
+1
+b()
+c()

Third
=+ u

()
+ol ()

Figure 5.31 Class diagram of multiple inheritar2@] [

The table 5.7 shows the state variable definitiod ases of the methods for each class
hierarchy i.e. which state variables are definedvimich methods and used in which
methods. Here a(),b(),c(),d(),e() are methodss,tju, are state variables. F,S and T are
the objects of the First, Second and Third cla} [2

Table 5.7 Anomalies in multilevel inheritance

Method | Definitions | Uses
F:b {F:q.F:s}
F:¢ F:q
F::d {F:r} {F::s}
S::b 18t}
Sie {8t}
T:e {T:u}
T::d {T::u}

Figure 5.32 depicts the flow control of methods wi€) is bound to be an instance of
First. Suppose that a() calls b(), b() calls ¢() calls d() and so on.
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First alJ->b{J->¢(J->d])->¢()

Second bi)->¢()

Third -~

Figure 5.32 Sequence call of methods
Now suppose that calls to method F::b() precedesc#tl of F::c() and F::d(). Table 1
shows the definitions uses table that shows F:dgFars are defined by F::b() and used by
F::c() and F::d(). So here is no data flow anomlaggcause it is firstly defining the

variables then using it.

Now suppose here is an innocuous call to S.b(eausof F.b(). Then data flow anomaly
would exist because according to definitions use§) Bas called to S::t. Here there is no
problem but after S.b(), F::c() and F::d() aree@llIThen it creates data flow anomaly as
shown in Figure 5.33 because F::c() uses F::q amif) kises F::s. They are used before
they are defined [20].

a()—»bf)—»t:()-ii*' d)->e()
\
b) ol

Data flow
anomaly

)-~d0)

Figure 5.33 Data flow anomalyl
Now suppose F.a() is called then S.b() and the() Talled S.c(), S.c() called F.c() and
F.c() called T.d(). It creates data flow anomalygéese according to definitions uses
S.b() has called to S::it and T::c() is defininguTthen calling S::c. There is no problem
but after S.c(), F::c() is called that creates ditev anomaly because F::c() uses F:q.

This anomaly is shown in Figure 5.34.
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Data flow
anomaly

Figure 5.34 Data flow anomaly2
In results and findings various anomalies in singteeritance are found in which firstly a
code is written and anomalies are detected by ngntiie code from each possible way of
calling functions and store its results in the teses written showing the status pass or
fail. Similarly code is written for multiple inhegince and detected its anomalies by unit
testing, integration testing and system testing stodng its results in test cases written
for them separately. And same for multilevel intagrce in which various overridden

functions are there in various classes and reatgtsvritten in test cases.
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Chapter 6 Conclusion

According toCarl Sagan, “Knowing a great deal is not the same as being gmar
intelligence is not information alone but also jadent, the manner in which information
is collected and used[31]

There are two different types of errors occur sashstatic and dynamic in Object
Oriented Programming. Static are the real time aynérrors that come in the
programming code where as Dynamic errors are caltednalies which occur during run
time and give garbage values in the result. It tedious task to trap such anomalies.
Here an approach is discussed to detect anomalite iobject oriented systems so that
the given software becomes error free, give rdltglio the software and then software
comes with the good quality. Various reasons faynaalies in object oriented systems

are discussed below.

6.1 Causes of anomaly
1. Probability of anomalies increases with increaseumber of objects and number
of overridden functions and number of base classes

2. Anomaly occurs when there is a function call wittomg type of object.

The results are indicated in table 6.1. The desifjtest cases indicate that with the
increase in number of objects and functions nunabdest cases increases which will

result in giving wrong output if sequence call & desired in single inheritance.

1. In Multiple inheritance, in unit testing, separanodules are being tested. And there is
one function in each of the methods. So there araty in the derived class which is

dependent on base class.

2. In Multiple inheritance, with integration tesfinnumber of objects are 3 and number
of functions are 2 and there are 6 test cases dnadel status as fail. Because numbers of

functions are increasing and number of objectsatelecreased.
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3. In Multiple inheritance, with system testing,nmoer of objects as 1 i.e. number of

objects are reduced either there is increase inbeurof objects. So, the test cases

generated is 6 out of which 4 has fail status.

Similarly with the Multilevel inheritance, numbef abjects is 3 and number of functions

are 9, and there are 14 test cases of fail statusf@1.

Case study

Single

mhentance

Wlultiple
mherntance(
unit testing}

Llultiple
mherntance(
mtegration
testing)
Multiple
mherntance(
sy stem

testing)

NMultilevel

mhentance

Table 6.1 Case studies in inheritance

No.of No.of No. of No. of Reason for anomaly

object functions to ancma test

s be tested lies cases

3 5 29 30 Wrong fimction call gives garbage values.

3 lperclass |1 3 Inheritance dependency of fimctions is there.

3 2 4 G Function should be called with the desmed object

only because value 15 retamed i the object not

1 function or class

—
L]
i

6 If there 15 a dependency or mhertance, then we
should call base class first then derived class. Or
we should call functions m the required
sequence. Here, we have less test cases and
anomalies because we have reduced no. of

objects to 1 mstead of 3.

]

9 14 31 Sometimes Overidden funchon becomes
problematic to handle if they are defined

separately i each class.

From the table 6.1, on comparing the single andilewél inheritance both have number

of objects as 3 but number of functions vary butaesn’t make effect over number of

test cases because complexity increases with thiemuof objects than the number of

function calls.
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6.2 Solutionsfor handling anomaly

In case of multiple inheritance, if same functiceme in the base classes exists and in
order to resolve the ambiguity then functions stiawdll asobj.A::display() for A class
displayObj.B::display() for B class display i.e. the name of the classukhbe added
with member function to avoid anomaly.

Now, there are do’s and don’ts for multiple inh@nite shown below in figure 6.1

Do's inMultiple Inheritance Don'tsin Multiple Inheritance

Tryto reduce the number of -Don't call Base Class 1 function with

objects Base class 2 object

-Call Base class function with Base
tlass object

-Check the calling object to which
tlass it is associated

-Don't call Derived class function with
Base class object

-Don't keep the same function name
in more than 1 Base class

Figure 6.1 Do’s and don’ts in multiple inheritance

In Multilevel inheritance complexity will increasenumber of levels is increasing. And
if the base is an abstract class and some functiolhsbe added later on then also
changing the base class properties can affect énged class functionality because it

leads to regression testing if there is a changelded one of the properties.

Regression testing attempts to mitigate two risks:
« A change that was intended to fix a bug failed.

« Some change had a side effect, unfixing an olddsugtroducing a new bug.

In future, these algorithms can be embedded witht%@ompliers and with other
programming languages which can help developegetaid of such problems so that

software and projects should become reliable, #izient.
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