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Abstract
One of the most important steps in software testing is automatic test-data generation. The decrease of the
number of testing data in addition to the decrease of its generation time (duration), are the main problems in
software testing. In this paper, Cuckoo Optimization Algorithm (COA) has been used as one of evolutionary
algorithm to increase the path coverage and decrease of generation time of automatic data. The average of
likelihood, close to boundary value, and branch coverage for fitness function of COA has been defined. The
case studies of this paper are triangle classification, exchange sort, binary search and merge. The proposed
model as compared with the method in which the Genetic Algorithm (GA) has been used, is accompanied
with the increase of path coverage and the decrease of the execution time in all four case studies. On
account of implementation, software triangle has been applied in this paper and in order to acknowledge the
authenticity of path coverage (that are the result of executions), petri net simulator has been used.
Keywords: Test Data, Cuckoo Optimization Algorithm, Control Flow Graph, Colored Petri Net.
1. Introduction
Nowadays software testing is one of the most
important activities that has been done in industry.
Because of this reason, the improvement of its
efficiency through considering time and cost is
one important factor on which many researchers
are surveying [1]. Most of the problems of
software are because of their testing. Software
testing examines the quality of a production to
find its errors. In other words, software testing
finds the errors and defections of a production
before its delivery to the customer. Testing just
can show the existence of errors but cannot
guarantee the lack of error. Software testing has
been brought up on two topics: 1) has the software
been formed correctly? 2) Does the produced
software work correctly or not? By emphasizing
on these two topics, we can evaluate the factors of
software’s failing. There are two methods in order
to evaluate the applied programs [2]: 1-White box

testing method, and 2-Black box testing method.
In [3], it has been shown that the breaches of
software have many damages on economy yearly.
One of the most important steps in software
testing, is automatic test-data generation. Data
generation has been done coincidence, structured
and based on purpose in previous days [1].
Coincidence testing generates many testing data
but has no information about the goals of testing.
In macro software’s, the generation of
coincidence testing is a difficult task and can
cover only some parts of the program. In order to
generate the automatic data testing, the
evolutionary COA has been used in this paper to
decrease the time and increase the path coverage.
COA has been used because in such algorithm,
most of problems and shortages of the previous,
evolutionary algorithms, such as GA, particle
swarm, and imperialist competitive, have been
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eliminated. In addition, its quick convergent
ability and potentiality of total evolutionary
points, is very concise [4] the following programs
has been studied in this paper: triangle
classification, exchange sort, and binary search
and merge. Target function and the applied factors
are the same as in [5]. In this paper, case studies
are modeled by petri net to show the correctness
of the path coverage.
The structure of this paper has been explained in
the Section 2 of the related work. In the Section 3,
you can see how COA has been used in producing
automatic data testing and the applied modeling to
survey the correctness of the execution of
algorithm. The evaluation of the experimental
results of the suggested method on case studies is
the topic of the Section 4 and in the last section
the results and conclusions are elaborated.

based on optimizing the particles and the
proposed model of that paper is compared to
random search and Tabu Search (TS). The
evaluation results in that paper, have significantly
improved compared to the random data generation
method, descent gradient and GA and reduce the
production time for the test data set. In [11], there
is a framework for program analysis and the test
generator and anything related to the production
of the test data. The generator of the test uses two
optimization algorithms (Cu, Bo). Without any
primitive knowledge and in the least time
possible, test data are produced. The problems of
their approach are that it only reveals some of the
answers and also due to edge coverage criterion,
their method shows only some of the errors and
does not reveal the absence of the other errors. In
[12] Bumblebee algorithm is used to generate test
data. Their challenges in generating test data
include not performing in the right way in front of
large amplitude of the program's input and of the
same condition of the tracks.
In [13] a method based on GA is expressed for
test data generation in order to produce the test
track that this method has had the least amount of
optimality and covering the path, the lack of this
method is not-full coverage of the test track.
Another study has introduced a method using a
GA based on graph theory to generate test cases,
that optimality percentage and path coverage has
improved compared to the random method, the
weakness of this approach is the lack of full
coverage of the test [14].
In [15, 16] the effective way to generate test data
is provided using Cuckoo Search and TS (CSTS).
TS algorithm is added to reduce the number of
repetitions and the time of performing the
algorithm, thus it reduces the overall complexity.
COA and TS algorithms are better than Bee
colony and particle swarm algorithms in terms of
runtime complexity and performance. In [16], a
criterion is introduced for test data that includes
coverage of instructions. Its goal is that each of
the recipe's instructions performs at least one time.
The cost function covers the number of nodes.
The negative cost function is the function of
profitability. The goal of benefit function is more
coverage of the nodes and reduction of runtime.
For this purpose, a mechanism is provided for
each recipe's instruction that each instruction to be
implemented at least once, in this coverage, we
may not be sure of correctly implementing the
logic of the application, because it is not a
sufficient condition to test the program. Unlike
this approach which uses TS method for
determining the length of the inputs, in this paper

2. Related Works
In [6] a GA is used for automatic generation of
test cases to cover of the path. The biggest
advantage of using a GA in test programs is its
simplicity. This method is facing the problem of
too many paths and impracticality of the test of all
directions in complex programs. In [7] the authors
tried to benefit from the combination of metaheuristic and search methods in the production of
test data. In the procedure introduced by them, at
any stage of data production test by GA, using a
Mimetic Algorithm (MA) and a local search
method called hill climbing, it is attempted to
reduce the test data finding time. They have used
a cost function that is relatively complex and the
combination of the three parameters is used in it:
likelihood, close to boundary value, and branch
coverage.
One of the problems of the GA method is that the
population may not include all the people who
encrypt the test data to achieve the proposed node
of the aimed branch. To deal with this problem in
selecting the next generation, three methods of
branch sorting is determined according to the
coverage goals that include first depth approach,
first level method and the technique of the path
prefix [8]. In [5] three criteria are determined to
the test data. These three criteria include the
likelihood, close to boundary values and branch
coverage. The first initialization of the test is
random and the fitness function is designed
through the calculation of the mean of three
criteria. These three criteria have been used to
obtain an appropriate data in many studies such as
[7, 5, and 9] and the fitness function is the average
of these three factors. In [10] a new method is
introduced for producing the dynamic test data
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expert knowledge and experimental results are
used. COA is used in this paper, so the proposed
model will be much lower in computational cost
and complexity.
Researchers are looking for more path coverage in
automatically producing the most efficient test
data. The criterion for the route coverage to
maximize its path is defined as the following.
Coverage is each possible route that exists in a
control flow graph (CFG) corresponding to the
code. For each instruction of jump or an edge or a
decision, a new path is being made, that it can
cover a large number of paths [2]. One of the
purposes of this paper is also covering more of the
path. The approach which is used in this paper to
improve the automatic generation of test data is to
use the COA using the average of the three factors
to cover more paths compared to GA method [5]
that considering these three factors increase in the
coverage and decrease in the running time can
happen. In the proposed model Petri net network
is used to verify the performance which has never
been done in similar works.

of the produced test data. Like other evolutionary
algorithms, COA starts its work with an initial
population. This population of COA consists of a
number of eggs in the nests of some other birds
[8]. Here, some examples of standard programs
are mentioned that are used to test the proposed
method. In other words, they are considered as a
case study and they include the triangle
classification, exchange sort, binary search, and
integration.
The cost function used for COA is based on the
average of three factors in [5] and Cuckoo is
calculated for each egg that its general form is as
the formula 1.

F (T )  ( P(T )  N (T )  D(T )) / 3

(1)

Where P (T) is Likelihood, N (T) is close to
boundary value and D (T) is the branch coverage,
the way is meant.
3.3. Implementation
The first task in solving the problems of automatic
generation of test data is to define the scope of the
search using a CFG program. The test data are
being selected as the answers that can successfully
navigate the most part of the search space, or the
graph paths control program. A program control
graph is a graph in which each node contains one
or more lines of the program. Each program
control graph has a start node and an end node.
The edges of this graph have the task of
communicating between the lines of the program.
In this graph, the branching points are these
conditional orders [17].
Therefore, for automatic generation of test data,
first, the program flow control graph is plotted.
This graph is a program flow control graph to
generate enough test data to cover the search
space in feasible paths. CFG triangle classification
program is shown in Figures (1). Paths are
selected based on program flow control graph. A
flow control graph in computer science is a
display using the graphic marking of all possible
paths that can be navigated by a program at the
time of its implementation [18].

3. Proposed Method
In this section, details of the proposed model are
expressed for automatic generation of test data
using COA. This algorithm uses a CFG to cover
the highest number of errors using the application
of criteria for path coverage. Finally, using Petri
net, the program which is being tested becomes a
model and the results are evaluated by comparing
the validity of outcomes. First, a brief description
of the COA is expressed.
3.1. Cuckoo Optimization Algorithm
All 9000 species of birds have the same approach
to motherhood: everyone lays eggs. COA like the
other evolutionary algorithms, starts its task by on
primary population. This population consists of
some cuckoos that have a number of eggs that lay
them on some host birds’ nest. A number of eggs
that have more resemblance to the host bird eggs
have more change for growing and turning into
adult cuckoo. The host bird identifies the other
eggs and are destroyed. The amount of the grown
eggs shows the suitability of the nests of that area.
The more eggs are able to live in one area and to
be saved, the more profit (desire) is devoted to
that area; Thus a situation where the largest
number of eggs will be saved is a parameter that
COA intends to optimize it [4].
3.2. Statement of the Problem
This paper covers the automatic generation of test
data. The COA will be used to reduce the number
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Each egg on the problem of the triangle length is
four and the number of test cases is three that each
test case consists of sides a, b, c and the number
of test cases is considered according to a variety
of modes for the triangle (Scalene triangle,
isosceles, parallelogram and not a triangle) (t0 =
[a, b, c] and T = {t0, t1, t2, t3}).
Each egg in the problem of exchange sort consists
of two test cases with the length three, each test
case consists of array elements such as a0, a1, a2,
... .Two test cases are considered because there are
only two modes for each array: ordered and notordered; For example, [2, 4, 5] is a sorted array [2,
4, 5] is an irregular array, so both models can
cover all the paths and also the size of the test
case is considered three because there are three
modes for two consecutive numbers; for example,
[2, 4], [5, 2], [5, 5]. These three modes are
smaller, bigger and equal (t0 = [a0, a1, a2] and T
= {t0, t1{( .
On the problem of binary search, each egg
contains four test cases, that each test case
contains an array binary search to three lengths
[a0, a1, a2] and a key is k (sorted key- array) and
the number of the test cases is four. The reason for
this choice is that in the binary search according
to the key four modes are created. First, the key is
the smallest of all the elements. Second, the key is
larger than all the elements and is not included in
the array. Third, the key is in the position of the
second element and the last, the key is one of the
elements in the position of the element one or
three. The array is considered three at length
because when one or two are selected for length, a
series of paths not covered, but length three will
cause the key to be in position one or three in two
arrays, or not in arrays; So the length three is the
most appropriate and least possible length of the
array (t0 = [a0, a1, a2, k] and T = {t0, t1, t2, t3}).

Figure 1. CFG Triangle Classification Program

To lead the research in COA, the cost function
should be defined in a way that should be able to
reach better solutions that are in accordance with
the specified criteria. The three criteria which are
used are presented below the statement of the
problem, and in the following a brief description
of each is expressed.
1) The probability of the path: it computes the
probability of executing each path, the path which
has more probability to run is selected. This
probability is computed based on the number of
bets surveyed. The higher the number of the bets
surveyed, the more probable is the path to be
selected.
2) close to boundary value: the probability of error
in the boundary value is higher; it means the
closer it gets to the boundary values, the higher is
the probability of error.
3) Branch coverage: the majority of automated
test tools uses branch coverage criteria to select
the test data. Branch coverage means the
percentage of the number of edges divided by the
number of branches covered in a CFG by a test
data.
As mentioned in this paper the length of the thing
being tested must be chosen in a way that will
have the greatest coverage of the path and the
length of the array should not be so high that the
loop is repeated more than once .In the proposed
method, each egg is equivalent to a set of test
cases (T = {t0, t1, t2 ‚...{(

Figure 2. Check the Minimum Number Test Case on GA
and COA
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To find the minimum number, test cases should
have the most coverage to lead to automatic
generation of test data at the lowest cost.
For this purpose, we have produced test data with
a number of different test cases to find the
minimum number of test cases for the integration
program. The number of test cases studied
includes 4, 5, 6 and 7. According to the results
that can be observed in the chart above, the
minimum number of test cases that shows the
most path coverage is the amount of 5 and after
that the amount of the coverage is proven and also
before that less coverage is obtained.
Thus, according to the results above, the number
of test cases which is used for automatic
generation of test data in the integration program
is considered five, the length of each of the test
cases is five that includes two arrays A, B, and
length of the array is three and two, respectively
(the shortest length is to cover all the nodes).
Implementation of the proposed approach goes on
till convergence of the cost function amount to the
least possible amount which is equal to the
negative average of the three factors. Then the
generated test data are the optimal amount. In the
next step, to verify the implementation of the
program, the generated test data are given to Petri
net so that the obtained output can be evaluated.
For this purpose, any test case is given to Petri net
and three factors are obtained given the track
obtained and the results of it are compared. In this
step, the output is compared with the output of
MATLAB program and the accuracy of the
implementation is evaluated which the result of it
is the 100% compliance of the results. In the
following, a brief explanation will be expressed
about the simulator Petri, and then the results of
the tests will be presented.

their responsibility. In general, the formulations of
modeling include the two following categories:
•Text-based modeling
•modeling with the dramatic and graphic ability
like Petri nets.
4. Result and Discussion
The CFG of it was shown in Figure (3). All states
of the triangle program are included in Table 1.
As mentioned above, due to the meta-heuristic
algorithms expressed, each of them is
implemented 10 times in MATLAB software, and
also each of the programs has been implemented
10 times through the simulator Petri net to verify
the implementation of each of the programs and
the results have been averaged.
Table 1. Independent Path Triangle Program
Independent Path
1-4
1-2-4
1-2-3-4
1-2-3-5-6-7-9-10-11-12
1-2-3-5-7-8-9-11-12
1-2-3-5-7-8-9-11-13-14-15
1-2-3-5-6-7-9-10-11-13-14-15
1-2-3-5-7-8-9-11-13-14-16
1-2-3-5-6-7-9-10-11-13-14-16
1-2-3-5-7-8-9-11-13-17-18
1-2-3-5-6-7-9-10-11-13-17-19

In these tests, GA method [5] is selected for
comparison; because the mentioned method also
uses the average of the three criteria and can
demonstrate the superiority of the proposed
method. The results of implementation and
generation test data of GA method [5], the
proposed model and simulator of Petri net are
shown respectively in Figures (3), (4) and (5). To
compare these methods, the average of ten runs is
included in Table (2). Petri net simulation results
of 10 runs for the three factors are shown in Table
(3) which represents full compliance of the results

3.4. Petri Net
In the following section Petri nets will be
discussed which are of the very useful tools for
modeling. Information presented in [19, 20] and
somehow all the discussed cases are included in
all of the references.
The basic idea of Petri nets was introduced as a
tool for computer systems modeling by Carl
Adam Petri in 1962. Then it was examined by
certain groups in Germany and then it spread in
many countries. It should be noted that Petri nets
are widely used and are an alternative to the
flowchart. So far, different formulations are
introduced to fetch systems. These formulations
are used to analyze the systems in order to assess
the operational aspects and verifying aspects of
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Figure 3. Test data generated using GA [11]
Figure 4. Test Data Generated Using Proposed Model

Figure 5. Simulation Petri Net

Table (2) shows a decrease in implementation
time and an increase in the coverage of the COA
path given the proposed per method [5] in the
automatic generation of test data for the triangle
program. Table 3 shows the results of the program
run and run with the simulator Petri net are equal
that represents the correctness of the
implementation of the results of the 10 runs.

Table 2. Average Results of Ten Implementation of the
Method of Proposed and COA for Triangle Program

Method

30

Average the
number of
edge
surveyed

Triangle program
Average
Average
percent path
execution
coverage
time (second)

GA method [5]

23

54.55%

21.71

COA

23

63.64%

7.81
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Table 3. Verify The Accuracy of Simulation Results of
Petri for Ten Implementation of the GA Method and
COA
Simulation Petri
Method

Program

The number
of steps

GA Method [5]
COA

Triangle
Triangle

38.5
39.4

Average
percent path
coverage
54.55%
63.64%

As shown in Table (3) the average of 10 simulator
runs of Petri net is used to verify the
implementation of programs in MATLAB
software. COA is better than GA method [5] CFG
is shown in Figure (6) and CFG is shown in
Figure (7) and CFG is shown in Figure (8).
Figure 8. CFG Merge

Tables (4), (5) and (6) show a decrease in
implementation time and increase in the path
coverage of the COA compared to the GA method
[5] on the issue of automatic generation of test
data respectively for the exchange sort program,
binary search and merge. As shown in Table (7),
the obtained results, COA and GA are true for
integration and triangle programs. It is noteworthy
that each one is implemented 10 times in
MATLAB software and Petri net simulator and
their results are averaged. (Exchange sort and
binary search don’t need to be checked because of
the 100% cover path). The results of the runtime
and the cover path indicate improved performance
of the COA compared to GA method [5] in the
automatic generation of test data.

Figure 6. CFG exchange sort

Table 4. Comparison GA Method and COA Exchange
Sort Program
Exchange Sort Program
Automatic
generation of
test data

Average the
number of
edge
surveyed

Average
percent
path
coverage

Average
execution
time (second)

GA method [5]

11

100%

11.83

COA

11

100%

6.12

Table 5. Comparison GA Method and COA
Binary Search Program

Figure 7. CFG Binary Search

31

Automatic
generation of
test data

Average the
number of
edge
surveyed

Average
percent path
coverage

Average
execution
time
(second)

GA method [5]

12

100%

39.93

COA

12

100%

12.32
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Table 6. Comparison GA Method and COA Merge
Program

Table 8: The Rate Complexity
Degree of Confidence Result in the Test Case Program

Merge Program
Average
the
number of
edge
surveyed

Average
percent
path
coverage

Average
execution
time
(second)

GA method [5]

21

57.14%

22.61

COA

21

71.43%

18.97

Method

Simulation Petri
Program

The
number of
steps

Average
percent path
coverage

GA method [5]

Merge

66.8

57.14%

COA

Merge

65.9

71.43%

Complexity

Risk

Triangle

11

Average

Binary search

4

None

Merge

7

None

Exchange sort

4

None

5. Conclusion
This paper is done with the aim of covering more
of the path. For this purpose, the kind of data is
generated that can traverse more paths of the flow
control graph. In this paper, COA was used
because of the faster convergence, higher speed
and higher accuracy for automatic generation of
test data. Factors affecting the cost function of
COA were introduced, with regard to studies
done; three factors were considered including the
likelihood of the path, close to boundary value
and branch coverage in the cost function of COA.
Path coverage criterion in here, any possible path
that may exist in the code flow control graph is
covered, which the proposed model made it
possible, increase in the cover path and reduce in
the runtime of the triangle issues, exchange sort,
binary search and merging with COA compared to
the GA method [5] is the automatic generation of
test data. In this paper, the Petri net is used for
verification of the run.
The proposed model can be implemented with
other evolutionary algorithms for future works
and the results of different algorithms can be
evaluated in terms of time and percentage of
coverage of critical paths. Search algorithms
include frog algorithm, bee algorithm, MA and
other evolutionary algorithms. The ability of these
algorithms differs according to the different
issues. In some cases, the output of the program
might be correct having the error code. Or
because of an error, the program won’t run until
the end. The proposed model for the test data
generation can also be applied for mutational
testing and the proposed model can be evaluated
by creating erroneous versions with one or a few
injections of performance error.

Table 7. Comparison Simulation Petri Genetic and COA

Method

Test Case Program

4.3. Complexity Amount
In the flow control graph, nodes in a row that
there is only one control flow between them and
there is no edge to them, they all are included in
one node and the number of independent paths of
a CFG is achieved via an important formula with
the name of McCabe formula [2].
Cc = E − N + 2

= The number of edges
(2)
− The number of nodes
+2
Cc = P + 1 = Number of conditions
+ 1
Number of McCabe or complexity indicates the
degree of reliability in the program. A program is
trustworthy if it is testable. A testable program is a
program that can generate test data that show the
errors of the program. Non-testable of a program
is determined with these descriptions: without risk
(the risk of un testability is zero), moderate risk
(the risk of non-testable is average), high risk (the
risk of non-testable is high) and it is called nontestable. According to McCabe theory, risk of
non-testable of a program is specified based on
the complexity of it in the table (8). Complexity of
the triangle program graph is equal to eleven, so
the risk of non-testable of the program is medium,
complexity of binary search program and
exchange sort program graphs is equal to four, so
there is no non-testable risk, the graph complexity
of the merge program is equal to seven, so the risk
of non-testable is not serious.
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