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Abstract - Software testing is a process of validating and 
verifying that a software product works as expected. It is 
indeed a very crucial process rather than a single process. To 
develop quality software, various approaches can be used like 
module-oriented, object-oriented, aspect-oriented and 
component based. Various issues for object oriented are 
considered but AOPs have never been properly analysed. 
Therefore, in this paper a collection of various references 
drawn from journals, conference and workshop proceedings, 
thesis, and technical reports on the subject of testing aspect-
oriented software using various manual and 
automation(using meta-heuristics) techniques is presented. 
Each reference is accompanied by a summary of important 
finding. A tabular form representation analysing each paper in 
various fields is presented. In this paper , a very critical review 
of literature to help the researched is done supported by 
bibliography. 
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1.INTRODUCTION 
A program consists of supporting functions and  the 

main program's business logic. To isolate supporting 
functions from the main program's business logic, Aspect-
oriented Programming (AOP) is used. To increase 
modularity, is the main aim of AOP. Each cross cutting 
concern must encapsulate at one place. AOP helps in 
achieving this as all implementations have same cross 
cutting expressions. This helps in achieving minimal or no 
code scattering. 
  

Main aim is to provide sufficiently good solution to 
an optimization problem, for which a heuristic (partial 
search algorithm) id chosen that provides good solution for 
this. Metaheuristics is higher level heuristics. Finding by trial 
and error is called heuristics. And meta means higher level. 
Thus, metaheuristics are  better than simple heuristics. 
Metaheuristics are useful for a variety of problems. 
Testing techniques are divided into manual and automation 
testing techniques. Test cases can be found manually or can 
be prioritized using meta-heuristic techniques like genetic 
algorithm and fuzzy logic. Till date various researches have 
been applied on object oriented programming. Not much has 
been covered in context of aspect-oriented programming. 

The motivation of this paper is to analyse the 
various existing testing techniques of object-oriented 
systems and aspect-oriented software systems critically on 
the basis of the proposed criteria. This critical analysis will 
find appropriate areas of research where new results can be 
obtained. It would be easy to provide answers to various 
research problems faced by the various researchers who are 
involved in aspect-oriented software testing. New research 
areas would be found after proper analysis of researches 
which have been done and which still need to be covered. 
       This paper is divided into 5 different sections. 
Section 1 introduces the need of AOP and testing and 
research area to be covered. Section 2 presents the literature 
survey . Section 3 identifies the basis of comparison of the 
research papers. Section 4 defines the various comparison 
tables of the cited reference papers. At last, conclusion and 
future prospects of aspect-oriented testing are covered in 
section 5. 
 

2. LITERATURE SURVEY 
 
To have a proper understanding of aspect oriented, current 
scenario of research in this field is to be identified. In order to 
analyze various existing testing techniques available for 
aspect-oriented software systems, available literature was 
extensively studied. Applied various search techniques from 
sources like digital libraries of IEEE, ACM, Springer Link etc. 
During the study, various journal, technical reports and 
conference papers were referred from these sources. 
 
 Following criteria are used for comparison: explaining 
AOP with UML, meta-heuristic search algorithms, comparing 
AOP with OOP, problems in applying meta-heuristics with 
AOP. 
 
 First, let’s identify the papers related to aspect oriented 
programming to get a basic insight into what aspect oriented 
programming is. Also, what techniques are being applied in 
testing aspect oriented programs.  
 
 To test aspect oriented programming, a method involving 
data flow diagrams [1] is being involved.  Identification of 
various types of DUAs and proposal of a set of dataflow test 
criteria that require executing these DUAs is being done in 
this paper. For identifying the DUA’s in an AspectJ program, a 
tool called DCT-AJ is implemented. It computes the coverage 
from a test suite. This paper is quite helpful for making the 

https://en.wikipedia.org/wiki/Optimization_problem
https://en.wikipedia.org/wiki/Search_algorithm
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data flow graph in aspect oriented systems. Similarly, for 
gathering information on the structure of an AOP, an Aspect 
Oriented Dependence Flow Graph (AODFG) [5] as an 
intermediate representation model is proposed. Once data 
flow graphs are drawn for an AOP, data flow based unit 
testing [6] can be done. This paper tells using control flow 
graphs to compute def-use pairs of an aspect or class being 
tested and using such information to guide the selection of 
tests for the aspect or class. After unit testing, structural 
testing becomes important. Thus, a structural testing 
approach for Aspect-Oriented Programs Based on Data and 
Control Flow [8] is being referred. An effective test technique 
is presented for AOP. 
 
 Various testing techniques [2] are identified in aspect-
oriented software systems. To develop new and better testing 
techniques, it becomes important to analyze existing aspect-
oriented testing techniques. The paper reviewed [2] identifies 
all these existing techniques for AOP.     
 
 What is Aspect oriented testing? [3] A very well explained 
answer to this question is given in the paper presented by 
Ghani et al. Taking reference from around 81 references 
drawn from journals, conference and workshop proceedings, 
thesis, and technical reports  on the subject of testing aspect-
oriented software, a proper study is presented. 
   
 After understanding the concept of aspect oriented testing 
and various testing techniques, an approach for systematic 
testing [4] of aspect oriented programs is required. Alexander 
et al [4] explained the systematic testing of AOP by 
identifying the key issues relevant to systematic testing of 
AOP. Another Systematic Aspect-Oriented Refactoring and 
Testing Strategy [9] is presented by Deursen et al [9].  Aspect-
oriented solution when integrated with the original system, 
some issues are there. This paper considers those. 
 
 After the basic information on Aspect oriented 
programming and its testing, quantifying the effects of 
Aspect-oriented programming [7] is done. The positive and 
negative effects of AOP on typical maintenance activities of a 
Web information system are being analyzed.  To find out the 
effects of software aspectization [10], a measuring method is 
proposed by Ceccato et al [10] which helps to find the 
advantages and disadvantages of using the AOP approach. 
Considering the effects of AOP, how beneficial is AOP for 
modularity is considered next as it is said that aspects are 
used for gaining modularity.  Finding the truth of AOP and its 
impact on modularity [11] as proposed by Adam Przybyłek 
[11]. 
 
 Delamare et al [12] proposed a test-driven approach for 
the development and validation of the PCD (point cut 
descriptor). Using aspect oriented for advanced separation of 
concerns is being proposed by Singh et al [13]. This paper 
proposes several techniques for    crosscutting concern 
identification. 

 
  Next concern that came in after formulating aspect 
oriented programming is finding how much easy or hard it is 
to test the AOP code. Comparing it with OOP, Ceccato et al 
[14] proposed testing crosscutting functionalities as aspects 
in successive steps. A report identifying the difficulties in 
testing Aspect-Oriented Programming [15] was referred. It 
discusses the difficulties of structure-based and fault-based 
testing of AO programs. Test requirement coverage in AOP is 
not that straightforward. On identifying these difficulties in 
testing AOP, a solution was proposed by Zhao et al [16] which 
describes an AspectJ program testing method based on a fault 
model which was made using the dependency model and 
interaction model. 
 
 Once unit and structural testing of Aspect oriented is over, 
it is time for regression testing. Zhao et al [17] presented a 
regression test selection technique for AspectJ programs.  
Some test cases to execute the changed code for the new 
version are to be selected from the original test suite.  The 
technique consisting of various types of control flow graphs 
does the same. But considering the impact the aspects can 
have on the main class, Xu [18] defined a new test selection 
criterion for AOPs to achieve higher precision. To cover 
model based testing in aspect oriented system soft wares, a 
very recent (2016) paper by S. Hooda et al [39] is considered 
which reviews around 94 papers and narrows them down to 
around 25 for easy reference of researchers. 
 Second, after identifying the work done related to aspect 
oriented programming and its testing, next comes identifying 
the work done in studying an Aspect oriented programming 
with UML Activity diagrams. Having knowledge of UML 
activity diagram is equally important for testing AOP 
coverage efficiently. 
   
 Cross cutting concerns must be handled at an earlier 
software phases. Thus, Modeling and Integrating Aspects 
with UML Activity Diagrams [19] becomes a necessary step. 
Cui et al [19] proposed an aspect-oriented modeling and 
integration approach at the design level. In order to refine 
more concert, executable code-based test suites [20], aspect 
flow graph is required and a transition tree as proposed by 
Xu et al [20].  A proper definition and comparison of various 
related path criteria is required. Thus, Rapps et al [21] 
defined a Data Flow Analysis Techniques for Test Data 
Selection. 
  
 Third, for optimizing the test cases and reducing the 
effort, Meta heuristic techniques have to be considered. 
Heuristics means to find or to discover by trial and error. And 
Meta means higher level and metaheuristics generally 
perform better than simple heuristics. Meta-heuristic 
algorithms have the ability to obtain the optimal solution in a 
very large search space of candidate solutions. Meta-
heuristics consists of applying Artificial intelligence like 
Genetic algorithm, Fuzzy logic to a problem. Thus, now 
papers introducing Meta heuristic techniques are referred. 
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 Meta-heuristic techniques are very much used in software 
testing. Pandey et al [22] proposed a technique called search 
based software testing. This paper gives an insight into the 
recent trends of the applications of search based techniques 
to generate Applications of meta-heuristic techniques in the 
field of software testing phases. Meta-heuristic techniques 
can also be applied in generation of test data [23]. The aim is 
to generate the optimum set of test data. Next meta-heuristic 
techniques are needed to generate search–based test data for 
branch coverage [24]. This paper introduces multi–objective 
branch. While studying meta-heuristics, some evolutionary 
test environment has been identified for automatic structural 
testing [25]. The environment has been developed that 
performs fully automatic test data generation for most 
structural test methods. 

 
                The fourth, after getting knowledge of meta-

heuristics, a basis of object oriented was reviewed to find the 
applications of meta-heuristics in object oriented 
programming. Nothing much has been identified in the field 
of meta-heuristics in aspect oriented. So, a general 
comparison of AOP vs OOP is also being referred in order to 
apply meta-heuristics in aspect oriented. 
 
 Dr. Suresh [26] presented a method of Software quality 
assurance for object-oriented systems using meta-heuristic 
search techniques. This paper tells how much capable meta-
heuristic search techniques are in software fault classification 
for Apache Integration Framework. Also, regression testing of 
object oriented systems [27] has been reviewed. A hybrid 
technique is formed which identifies the changes that are not 
visible in design models. Finally, comparison of AOP with 
OOP is done and identifying whether AOP is harder or easier 
than OOP [14]. An incremental testing process is proposed in 
this paper, which tests crosscutting functionalities as aspects 
in successive steps. Model based testing approach for object 
oriented systems is being considered by Arilo et al [38].  By 
identifying four hundred and six papers, this paper narrowed 
down it to seventy-eight papers for reference. 
   
 On identifying the meta-heuristic techniques and their 
usage in object-oriented programs, the problem was 
identified that not much has been done for implementation of 
meta-heuristics in aspect oriented programming.  A proper 
review regarding the same has also never been done. So, next 
thing is identifying the papers in this field. The strategy goes 
by finding papers written for genetic algorithm, fuzzy 
algorithm or their combination. Fifth, let’s identify the work 
done in the field of using genetic algorithm and mutation 
testing in aspect oriented programs. 
 
 Genetic algorithm has been applied to increase the 
efficiency of a Data Flow-based Test Data Generation 
Approach [28].  How effective it is to use a genetic algorithm 
for the same has been identified here.  Another major 
application of genetic programming is in effort estimation 
[29]. Ferrucci et al [29] found the impact different fitness 

functions can have on effort estimation. To consider the 
indirect impact of aspects, Delamare et al [37], proposed an 
approach. When many methods are indirectly impacted by 
aspects, this approach can reduce the testing efforts by 
relying on genetic algorithm. 
 
 Fuzzy logic has been used in aspect oriented for proposing 
a model on coupling measures [33]. In object oriented and 
module oriented systems, quality metrics are used for quality 
features but very less has been done for aspect-oriented 
systems. Various factors like Number of dependencies, 
responsibility and Instability have been related with coupling 
for making the comparison. Another application of fuzzy logic 
approach has been identified in measuring the complexity of 
a generic aspect-oriented system [34]. A generalized 
framework for finding the complexity of AO systems has been 
defined. That it takes into account three AOP languages, 
which are AspectJ, CaesarJ and Hyper/J.  
 
   Fuzzy clustering is very much useful in various 
applications. One of them is using it in test-case prioritization. 
Nida et al [35] identified an approach to rank the test cases as 
per their preference degrees.  Software testing optimization 
can also be achieved by fuzzy clustering [36]. This is very 
much useful in reducing the time spent in testing. 
 

3. COMPARISON CRITERIA 
 
Comparing each paper based on the following comparison 
techniques: 

1. Papers explaining aspect oriented programming. 
2. Papers explaining aspects with UML diagrams. 
3. Understanding meta-heuristic search techniques. 
4. Object oriented systems and their comparison with 

AOP. 
5. Applying genetic algorithm and mutation testing. 
6. AOP using fuzzy logic. 
7. Fuzzy clustering and its applications. 

These criterias are considered for comparing the various 
research papers referred. These criterias are important to 
identify the work done yet in this field and what is not done 
and what can be done. This paper draws conclusion on what 
further research could be undertaken in this field. 
 

4. COMPARATIVE TABLE 
 
Table -1: Analysis of cited papers by criteria 
 

s.no. Criteria Reference 

A Aspect oriented programming 
and testing. 

1-18, 39 

B Aspects with UML Activity 
diagrams 

19,20,21 
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C Meta heuristic search 
algorithms 

22,23,24,25 

D OOP vs AOP 14,26,27, 38 

E Genetic algorithm and mutation 
testing  

28,29,30,31,32, 37 

F AOP testing using fuzzy logic 33,34 

G Fuzzy clustering  35,36 

 
 
Table 1 compares the cited papers on the basis of the 
comparison criteria considered.  Very relevant information is 
provided in this table for researchers as to which research 
paper to consider for the given information. 
Table 2 gives a brief analysis of the cited papers by year of 
publications. 
 
Table -1: Analysis of cited papers by year 
 

 
Year 

 
Publications 

1982 1 

2001 1 

2003 1 

2004 2 

2005 1 

2006 4 

2007 3 

2008 1 

2009 2 

2010 4 

2011 2 

2012 3 

2013 5 

2014 2 

2015 5 

2016 2 

Total 39 

 
5. CONCLUSION 
 
In this paper, a broad survey of aspect oriented 
programming and its testing using meta-heuristic techniques 
is covered.  Topics covered are aspect oriented programming 
and its testing, UML diagram, understanding meta-heuristic 
search algorithms, comparing OOP and AOP, genetic 
algorithm and mutation testing, AOP testing using fuzzy 
logic, fuzzy clustering.  
 
            What could be concluded is that much work has been 
found in the field of applying meta-heuristic techniques to 
object oriented programming. But very less work has been 
done in applying meta-heuristic techniques to aspect 
oriented programming.  So researchers can look forward in 
this field. 
 
              All the topics mentioned above are cited with proper 
references mentioning their year of publishing for easy 
understanding of  researchers . This information could be 
very useful and beneficial for researcher or practitioner , 
who is relatively new, in gathering a lot of information in this 
field.  
 
 
 
 
 
 
 
 
 
 

Table -3: Comparison of all cited papers 
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