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Abstract 
Software testing is a critical element in the software development 
life cycle and has the potential to save time and money by 
identifying problems early and to improve customer satisfaction by 
delivering a more defect-free product. Testing is an integral part of 
the process of producing quality software product. The efficiency 
of testing critically depends on the quality of the test suite. A good 
test case provide  a good chance of finding an yet to discover 
error and a successful test case uncovers a new error. Because 
exhaustive testing cannot be conducted, we can only sample test 
cases. Therefore, we can never be sure that our program is free of 
bugs. Because showing the absence of bugs is impossible, the aim 
of testing is to show that there are bugs. Testing is successful if we 
find bugs. In the present work a careful study was made on the role 
of coverage criteria and other factors in the test suite generation. 
A coverage criterion describes a finite subset of test cases out of 
the infinite number of possible tests one should execute.
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I. Introduction
Dijkstra’s Law says, Testing can show the  presence but not 
the  absence of errors. Software testing is a process of verifying 
and validating that a software application or program. Software 
testing also identifies important defects, flaws, or errors in the 
application code that must be fixed. Software testing has three 
main purposes: verification, validation, and defect finding. The 
verification process confirms that the software meets its technical 
specifications. A specification is a description of a function in terms 
of a measurable output value given a specific input value under 
specific preconditions. The validation process confirms that the 
software meets the business requirements. A defect is a variance 
between the expected and actual result. Software testing answers 
questions that development testing and code reviews can’t. The 
value of software testing is that it goes far beyond testing the 
underlying code. It also examines the functional behavior of the 
application. Behavior is a function of the code, but it doesn’t 
always follow that if the behavior is bad  then the code is bad. 
It’s entirely possible that the code is solid but the requirements 
were inaccurately or incompletely collected and communicated. 
It’s entirely possible that the application can be doing exactly 
what we’re telling it to do but we’re not telling it to do the right 
thing. A comprehensive testing regime examines all components 
associated with the application. Even more, testing provides an 
opportunity to validate and verify things like the assumptions that 
went into the requirements, the appropriateness of the systems that 
the application is to run on, and the manuals and documentation 
that accompany the application. A crucial test is to see how the 
application behaves when it’s under a normal load and then under 
stress. A Test suite is collection of test cases.

II. Mutation Operator
The mutation operator can be used at the test case level and test 
suite level. The usage of the mutation operator used for test suite 
is more complicated to the usage of the mutation operator for 

crossover. When a test suite T is mutated then each of the test 
cases in it is mutated. The probability of the mutation is 1/ [T]. 
It is understandable that only one test case is mutated at a time 
on an average. It is inspired by mutation testing methods, but 
differs from them in the aim and the way that mutation operators 
are defined and used. While mutation testing is a method for 
measuring test adequacy, data mutation is a method of test case 
generation. In traditional mutation testing, mutation operators 
are used to transform the program under test. When a test case is 
mutated the three types of operations that can be applied are (1) 
Remove (2) Change and (3) Insert. The probability of application 
of these three operations is 1/3. This means that only one operation 
can be applied at a time. If the probability is (1/3)3, all the three 
operators can be applied. 

III. Genetic Algorithms and Test Suite Optimization
A Genetic Algorithm is an Optimization heuristic that mimic 
natural processes like selection and mutation. These algorithms 
are used where traditional search algorithms branch and bound 
or optimization techniques like  linear programming are not well 
used. 
To generate the test cases that optimize the selected coverage 
criteria, Search algorithms called  Genetic Algorithms are applied 
on population of test suites. The natural adaptation in computer 
systems is imitated by  Genetic algorithms. In Genetic algorithms, 
a population of Chromosomes is  evolved using operations such as 
genetic operations where each chromosome represent a possible 
solution for the problem.

IV. The EVOSUITE Tool
To find defects in software, one needs test cases that execute the 
software systematically, and oracles that assess the correctness of 
the observed behavior when running these test cases. EvoSuite is 
a tool that automatically generates test cases with assertions for 
classes written in Java code. To achieve this, EvoSuite applies a 
novel hybrid approach that generates and optimizes whole test 
suites towards satisfying a coverage criterion. For the produced 
test suites, EvoSuite suggests possible oracles by adding small 
and effective sets of assertions that concisely summarize the 
current behavior; these assertions allow the developer to detect 
deviations from expected behavior, and to capture the current 
behavior in order to protect against future defects breaking this 
behaviour. During test generation, EVOSUITE considers one top 
level class at a time. The class and all its anonymous and member 
classes are instrumented at byte-code level to keep track of called 
methods and branch distances during execution. To produce test 
cases as compilable Unit source code, EVOSUITE accesses only 
the public interfaces for test generation; any subclasses are also 
considered part of the unit under test to allow testing of abstract 
classes. To execute the tests during the search, EVOSUITE 
uses Java Reflection. Before presenting the result to the user, 
test suites are minimized using a simple minimization algorithm 
which attempts to remove each statement one at a time until all 
remaining statements contribute to the coverage; this minimization 
reduces both the number of test cases as well as their length such 
that removing any statement in the resulting test suite will reduce 
its coverage.
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A. Coverage Criteria
Coverage is defined as a measure of the completeness of the set 
of test cases. This definition means that the more source code 
that is executed by your test cases the better. A coverage criterion 
can be seen  as a finite set of test  requirements that a test suite  
should fulfill. There is usually  more than one way to cover a  test 
requirement, so a coverage  criterion is not a unique  description 
of a test suite. Coverage criteria serve two main purposes: To 
measure adequacy of existing test suites, and to guide generation 
of new test cases. Even though coverage is often used to  measure 
the quality of an  existing test suite, coverage is  not a good 
measurement for  this. Generally, coverage is only  good at telling 
you which parts  haven’t been covered. To make use of coverage in  
practice we need to measure it.  This is done by instrumenting  the 
source code with an  instrument for every single test  requirement, 
described by the  coverage criterion. When test  cases are run on 
the instrumented program the instrumentation keeps track of  what 
has been executed and 
There are four types of coverage: There are four types of 
coverage:

Method coverage: how many of your methods have been 1. 
called by your test cases?
Statement coverage: how many of your statements have been 2. 
run by your test cases?

Statement coverage is the most basic form of code coverage. A 
statement is covered if it is executed. Note that a statement does 
not necessarily correspond to a line of code. Multiple statements 
on a single line can confuse issues - the reporting if nothing else.
Where there are sequences of statements without branches it is 
not necessary to count the execution of every statement, just one 
will suffice, but people often like the count of every line to be 
reported anyway, especially in summary statistics. 
It can be useful to mark such code in some way and flag an error 
if it is executed. Statement coverage, or something very similar, 
can also be called statement execution, line, block, basic block 
or segment coverage.

Decision/Branch coverage: how many decision points (if 3. 
statements) have evaluated both true and false?

The goal of branch coverage is to ensure that whenever a program 
can jump, it jumps to all possible destinations. 
Full coverage is only achieved here only if $x is true on one 
occasion and false on another. Achieving full branch coverage 
will protect against errors in which some requirements are not 
met in a certain branch. 

Condition coverage: how many Boolean sub-expressions 4. 
have been evaluated both true and false at a decision point?

When a Boolean expression is evaluated it can be useful to ensure 
that all the terms in the expression are exercised. 
Condition coverage gets complicated, and difficult to achieve, 
as the expression gets complicated. For this reason there are a 
number of different ways of reporting condition coverage which 
try to ensure that the most important combinations are covered 
without worrying about less important combinations.
For small programs, coverage is relatively easy to calculate 
by hand, however, for larger programs, the task is much more 
difficult.  Coverage is usually quantified  as the percentage of test 
requirements satisfied. But what does that mean?. 
The use of coverage has some  dangerous aspects, that might  even 
reduce the quality of  testing. If success is only  quantified in a 
coverage metric,  developers will get very efficient  and writing 
test cases that  satisfy the coverage goals, but  not at finding 
bugs. Also, it is  possible to cover the entire  program without 

detecting a  single bug - testing is more  than just input generation. 
Developers write test only to satisfy  coverage It is observed that  
100% coverage can detect no faults. and Coverage measures what 
is executed, but not what is checked.
Also  Coverage metrics reveal what code is not  tested, but cannot 
accurately indicate what  code is tested.  Low coverage does not 
mean that  code is not well tested. More over  high coverage does 
not mean code is well tested. Despite its downsides coverage  has 
some useful sides. It is very  efficient at showing  which parts of 
a program haven’t tested at all. Intuitively, testing  everything a 
little bit should be  better than testing some aspect  thoroughly 
and neglecting the  rest - unless you already know  where the 
bugs are.

V. Existing System
Software testing is an essential component of any successful 
software development process. A software test consists of an 
input that executes the program and a definition of the expected 
outcome. Many techniques to automatically produce inputs have 
been proposed over the years, and today are able to produce test 
suites with high code coverage. We produce test inputs, and then 
a human tester needs to specify the oracle in terms of the expected 
outcome. To make this feasible, test generation needs to aim not 
only at high code coverage, but also at small test suites that make 
oracle generation as easy as possible. A common approach in 
the literature is to generate a test case for each coverage goal 
, and then to combine them in a single test suite. However, the 
size of a resulting test suite is difficult to predict as a test case 
generated for one goal may implicitly also cover any number of 
further coverage goals. The problem of the expected outcome 
persists and has become known as the oracle problem. Sometimes, 
essential properties of programs are formally specified or have to 
hold universally such that no explicit oracles need to be defined. 
Coverage goals can be infeasible such that there exists no input 
that would cover them Even if this particular infeasible branch 
may be easy to detect, this is not true in general and thus targeting 
infeasible goals will, per definition, fail and the effort would be 
wasted.

VI. Proposed System
In this paper, we evaluate a novel approach for test data generation, 
which we call whole test suite generation, which improves upon 
the current approach of targeting one goal at a time. We use an 
evolutionary technique in which, instead of evolving each test 
case individually, we evolve all the test cases in a test suite at the 
same time, and the fitness function considers all the testing goals 
simultaneously. The technique starts with an initial population of 
randomly generated test suites, and then uses a Genetic Algorithm 
to optimize toward satisfying a chosen coverage criterion, while 
using the test suite size as a secondary objective. At the end, the 
best resulting test suite is minimized, giving us a test suite and 
Stack example. With such an approach, most of the complications 
and downsides of the one target at a time approach either disappear 
or become significantly reduced. The technique is implemented 
as part of our testing tool EVOSUITE which is freely available 
online.

VII. Conclusion
In this paper a critical attempt was made to present various aspects 
of test suite generation and the importance of coverage in testing. 
we studied the relationship between the number of methods 
in a program’s test suite, the suite’s statement, decision, and 
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modified condition coverage, and the suite’s mutant effectiveness 
measurement.
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