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Abstract:  
The aim of the article is to highlight the advantages that can be obtained through the use of evolutionary strategy in  
software testing, specifically in the process of test data generation. The first chapter introduces the reader to the topic 
of the article. Presents information of the problem of software quality, test data fitness and quality criteria. The second 
chapter provides an overview of the publication in which is described the test data generation problem by using evolu-
tionary strategies. In this chapter there are presented, different approaches to address the optimization problem of test 
data  selection. The third chapter sets out the advantages which in the opinion of the author result from the application 
of evolutionary strategy in the process of test data generation. In this section have been drawn conclusions from the 
article,  from books listed in the bibliography. The author of the article presents advantages of evolutionary strategy too 
as a person, which tests a software in practise. The last chapter in addition to summaries and conclusions, proposes the 
author to suggest in which issues related to testing could be used evolutionary strategies.  

BENEFITS OF AN APPLICATION OF EVOLUTIONARY STRATEGY  
IN THE PROCESS OF TEST DATA GENERATION  

INTRODUCTION 

The test data are the values that is inserted into the 
tested system as an input for a certain functionality, in or-
der to verify or validate its correctness. The input is inextri-
cably linked with the test case [18]. These are the informa-
tion,  which values should be substitute for the function 
implement the requirements in the system. A test case is a 
single operation of checking certain properties of the so-
ftware or device. 

In the literature there it is a breakdown of the test data 
to the data required and not required. The authors of a 
position [18] say that the test data required are those 
which a declaration is necessary in the process of use of the 
application. In practice it is easy to see that computer appli-
cations differently respond to incorrectly entered data or 
simply contain different types of errors witch  prevent the 
proper functioning of the application right after entering 
data into the form, regardless of whether these data are 
required or not. For each application there are such data 
sets, which likely will be introduced during use the applica-
tion or test data, that users probably do not enter through 
the entire life cycle of the software [17]. Regardless of what 
the test data are entered as input, the application must 
react positively of them and  that data will be stored, pro-
cessed, transferred or the application should  return a mes-
sage about incorrect data, which in addition will inform the 
user which field contains illegal data or what function re-
ceived improper input. There are a lot techniques that al-
low testers to make the choice of data so that they are con-
sistent with the actual data which will be put into applica-
tion by potential users. Under the heading [19] test data 
acquisition techniques are given as: 

 
 testing the function areas, 
 distribution on equivalence class, 
 boundary value analysis (migth be analized input and 

output boundary values), 
 code coverage testing 
 the application of the decision-making tables. 
Other methods of obtaining test data are: 
 applying the pair-wise testing method [22], 
 applying the method of n-wise testing,  
 the use of general or  own mathematical models in 

tested systems [21, 23, 24]. 
In the software testing it is exists such concept as a test 

strategy, that is a certain sequence of the activities to obta-
in information  about the test cases that is also on the test 
data. In the literature are favored formal test strategies 
(consistent with the international rules of qualities) and the 
informal strategies the test (whitening of data on the basis 
of the experience of testers, the guesswork of connected 
mistakes with introduced the data). Test strategies can be 
mixed with the technicians acquisitions of input data. Ac-
cording to Farley , Humble and Roman [6, 20] test data they 
ought in particular to be marked off such features how: 

 performance (can be understood as a time of the 
test), 

 dependence on the system (quality depends on tech-
nological aspects), 

 completeness (the degree to which these data have  
values  for all attributes in the system), 

 timeliness, 
 reliability, 
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 consistency (eg. The consistency between the test 
data) 

 accuracy (for tests on numbers, in applications that 
require high accuracy, eg. convert measurements or 
units). 

The correct test data can also be obtained from the In-
ternet or through the using data generators, which are free 
applications. 

In recent years with the development of evolutionary 
strategies there appear ideas to their using in the test data 
generation process. The origins of these works date back to 
the second half of the 90s, eg. the position [10]. Evolutiona-
ry strategies are divided into evolutionary programming, 
genetic algorithms and evolutionary algorithms. Differences 
between genetic algorithms and evolutionary algorithms 
are not large. Very often these terms are used differently in 
the literature any arrangement of the algorithm. Initially, 
genetic algorithms were based on binary strings, and evolu-
tionary algorithms for writing floating-point [19]. The pur-
pose of writing this article is to review the application of 
evolutionary strategies in the process of test data genera-
tion and an indication of the values to be gained from appli-
cation evolutionary strategies in the software testing pro-
cess. The author assumes that the reader knows the basic 
concepts such as graph algorithm, optimization, extreme 
features, evolutionary strategy, and knows the basics of 
computer science. 

REVIEW OF SELECTED EVOLUTIONARY STRATEGIES IN THE 
TEST DATA GENERATION PROCESS  

As already mentioned in the previous section, the be-
ginnings of attempts to apply evolutionary strategy date 
back to the second half of the 1990s. Position [10] presents 
strategy in which by a code of a program are generated 
control flow graph (CFG) and gn the control dependence 
graph (CDG). The genetic algorithm works in such a way 
that it generates a set of test cases and verifies that the 
generated cases satisfy stop conditions. If the conditions 
are not satisfy, then the algorithm draws a new set of in-
dividuals, from which will be generate new individuals (test 
data). The constraint for the algorithm is also time. Quality 
measurement is done by covering the paths in the CDG 
graph by generated test data. The strategy was compared 
to an algorithm that generates random test data. It turned 
out that the genetic algorithm in a fraction of the time  can 
solve the problem of covering CDG graph paths than a ran-
dom algorithm. An analogous approach is presented in 
[14].  

Authors of positions [1, 5, 7, 13] present the evolutiona-
ry strategies that generate the test data through the use of 
graphs. Author of position [1] proposes the using of a gene-
tic algorithm that generates  sequence of test paths based 
on data flow graph. In the article it has been introduced 
definitions the independent path, the base path of and the 
basic set of paths. Independent path is one a path in which 
each edge is not present in other paths in the data flow 
graph. The basic set of paths is one which satisfies the 
three conditions: each track is independent, all edges in the 
graph should be covered by basis seth of paths, each path 
not included in the basic set of paths can be composed of 
linear combination of paths from the basis set. An inte-
resting feature of the algorithm is a variable length of gene-
rated elements (chromosomes) that arise as a result of the 
application of crossover operator. Under the heading [5] is 
described an algorithm that works this way, that his goal is 

not to find a single solution, while several solutions in the 
same time. These solutions is a collection of nodes in the 
data flow graph that are defined as objectives that should 
be achieved by the algorithm. The provided input popula-
tion (test data) is divided into subsets, of which one the 
best in terms of fitness element is chosen. The set of the 
best elements of this population is a set  for which the algo-
rithm checks the availability of targets. Test data 
(generated items) that can be used to get to the target are 
added to a collection of test cases. As a result of successive 
iterations of the algorithm is adding to the collection of test 
cases new test data such that which has not been genera-
ted in the previous iteration. The authors of position [7] to 
describe a strategy of test data generation similar to the 
strategy described in [5]. The differences appear in the ap-
plication of the fitness function and in the  selecting indivi-
duals from subsets, which are formed from the initial input 
data. Evolutionary algorithm described in [7] works in para-
lel by searching each subset and this approach increases 
the speed of finding a solution. The position [13] presents  
a strategy in which the UML diagram is joined with SD dia-
gram (Sequence diagram) that is a sequence of instructions 
executed to allow access to the target (in this case the node 
in the graph). The problem concerns the indication of such 
path (actions which shall be carried out during the tests), 
which should be tested in the first. The article presents 
three algorithms: the first proposes the input data genera-
tion from a diagram named, the second proposes assigning 
weights to nodes, the last turns activity diagram into state 
diagram in order to allow the process of prioritization of 
test paths (test data). The fitness function in the genetic 
algorithm uses the weight assigned to the paths in the 
graph in the process of evolution. The path is converted 
into binary sequence from which the evolutionary algo-
rithm calculates the fitness function, apply on this sequen-
ce the crossing and mutation. If the algorithm finds a sequ-
ence that reaches the best match value for input, then this 
string is indicated as the most optimal. In this case, the 
optimization is to minimize the square of the calculated 
cost of the path. Under the heading [2] author present  
a strategy that combines K-means clustering algorithm with 
the genetic algorithm. Provided inputs are converted to 
numbers in order to allow for the using K-means grouping 
methods. After dividing data into subsets by the K-means 
algorithm, a genetic algorithm starts a work. Each class has 
a center of gravity. The task of the genetic algorithm is to 
generate such a subset of input data, that doesn’t have two 
points about similar coordinates. The authors of position 
[3] presented a proposal of the algorithms based on evolu-
tionary strategies in which the optimization process of test 
data generation starts since providing some of the initial 
population to algorithm (test data), followed by the measu-
ring of statements coverage in the code by the fitness func-
tion. Based on the value of the fitness function an algo-
rithm selects elements of the population that are involved 
in reproduction. The authors compared the using of genetic 
algorithm, an evolutionary algorithm and second evolutio-
nary algorithm implemented in parallel. The main differen-
ce between these algorithms in the article is a mutation 
process and crosover. Item [4] in bibliography is so inte-
resting, that is a combination of the algorithm used in Kal-
man filter known from automation with evolutionary algo-
rithm, which solves the problem of optimizing the test data 
generation. The short name of described in the article  algo-
rithm is KFGA. The authors accept the assumption that ge-
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nerated input data should cover as as much as possible 
lines of code by calling the appropriate instructions in the 
tested software, but with such a limitation, so the algo-
rithm generated the least test cases (input data). KFGA al-
gorithm is an adaptive algorithm, so the results of this algo-
rithm are generally acceptable, however, are not always 
the best, as can be seen in tables, in which the authors 
compared the other previously known evolutionary strate-
gies of the KFGA algorithm. Articles listed in [8] and [9] 
show very similar strategies that rely on finding errors in 
the tested code. They differ mainly in that the evolutionary 
algorithm in position [9] try to find for several paths at the 
same time. Errors are divided into categories, finding errors 
is evaluated for these categories. In position [11] the au-
thors present the interesting approach of applying evolutio-
nary algorithm, in which the stop conditions are dynamic, in 
this case are dependent on the quality of the generated 
test data. The algorithm decides when to end the process 
of test data generation. Here is a strategy of fall risk failure 
model. A position [12] is mostly a review of SBST (Self Ba-
sed Testing Model) methods that generate the test data 
according to certain three different strategies based on 
genetic algorithms. The article was created as a result of 
the grant. The contents are mainly conected with  functio-
nal testing related to code coverage tests. The authors of 
position [15] show how it can be used evolutionary algo-
rithm to test data prioritizing (test cases prioritizing), taking 
into account the time to run the test and number of defects 
that can find a test case. Author of position [16] presents 
the evolutionary algorithm, which uses a strategy called 
Harmony Search optimization process for test data genera-
tion. An evolutionary algorithm starts from the harmonic 
memory initialization proces. It is a step in which there are 
generated test data vectors randomly (vectors of  
n-dimensional). New data vector is generated by three ru-
les: pulling the data from the harmonic memory, randomly 
and in a controlled strategy by the creator of an algotithm. 
The remaining steps of evolutionary strategy described in 
the article are analogous to the traditional evolutionary 
algorithms. It turns out that such a strategy, in some cases 
of a structural testing gives a quick and good solution. 

ADVANTAGES OF TEST DATA GENERATION USING EVOLU-
TIONARY STRATEGIES 

The analysis of the two previous chapters lets the rea-
der draw some conclusions which result from the applica-
tion of evolutionary strategy in the test data generation 
process:  
1. Randomness but one whose direction is controlled by 

using the adjustment function and evolutionary proces-
ses (crossover and mutation). Test data generators 
offen generate input data, but in a totally uncontrolled 
manner. Most of the items contained in the publication 
references, it appears that the application of evolutio-
nary operators and matching allows you to generate 
test data in such a way that they are in accordance with 
the intended use, which are also reliable, depending on 
the tested system. 

2. Introduction of a mutation, which can be seen as a fac-
tor which eliminate the phenomenon of repetition of 
some of the schema when you generate test data, and 
from mathematical point of view the mutation can pro-
tect from being stuck under the local maxima and mini-
ma. 

3. Evolutionary algorithm method is quite versatile, so it 
can be used to generate test data based on different 
models of functionality in informatic systems. For each 
mathematical model or use case diagram it can be used 
the evolutionary algorithm in the test data generation 
proces. 

4. Method is relatively fast: finding a solution is often po-
ssible after a few iterations or searching a small part of 
the states as it can be seen in the publications conta-
ined in the bibliography [2, 3, 4]. 

5. Resistance to the paradox of the pesticides. The para-
dox of the pesticides in testing says that the same 
testing repeated without any change are becoming less 
effective in finding faults in the tested program [20]. By 
using the application of evolutionary strategies to gene-
rate input data, the risk of this phenomenon greatly 
decreases or does not occur. 

6. The possibility of defining the fitness function in such  
a way that generated the test data which are highly 
associated with the context of the using the tested so-
ftware. Testing is context-sensitive, so the test data 
must also be dependent on the context of using the 
application.  

7. Multi-criteria optimization. Fitness function, which sets 
the direction of the new generation (test data), may be 
the sum of several functions that measure the quality 
and can be multiplied by weight. This approach gives  
the ability to generate tests that are correct for several 
data-related attributes. 

8. Possibility of adaptation, i.e. dynamic stop criteria of an 
algorithm. If the algorithm finds no satisfactory solution 
to the problem raised in relation to the specific function 
and purpose, it is possible to change the parameters 
that control the process of generating a new generation 
(in this case, the test data), which may improve the qua-
lity of the solution to raised the problem [20]. 

9. The possibility of combining with other algorithms  
(K-means, the Kalman Filter), which increases the quali-
ty of  the optimization problem solution [4, 7]. 

SUMMARY 

The main purpose of writing the article was to gather 
information about the commonly known techniques for 
test data generation, to present ways to test data genera-
tion process using evolutionary strategies (little known by 
the person who test in practice) and to present the benefits 
of this approach benefits. During a deeper analysis of the 
article, the reader will realize that testing and the test data 
adjusting is not a trivial activity. Publications generally con-
tain a simple application examples and a small reference to 
the practice because they are not described research on 
the systems used, eg. by private companies or public insti-
tutions. Described in the second chapter publications, ho-
wever, present strategies that solve a very important pro-
blem in testing. Analyzing the articles included in the biblio-
graphy the reader colud be notice that evolutionary strate-
gies coping well with the optimization problem of the test 
data generation. It is therefore to experiment with such 
strategies into practice, conducting tests used or develo-
ping informatic systems. In the future, there will be the part 
of the author's proposals for the application of evolutionary 
strategies in testing systems, which are used by enterprises 
and evolve continuously, adapting to the changing environ-
ment. 
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"The bar quality" of informatic systems is increasing 
over the years. Evolutionary algorithm by applying the cros-
sing, mutation and matching functions as may generate test 
data that were characterized by such features quality, 
which are very important in testing. 
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