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ABSTRACT 
 

Testing is a huge time and cost consuming task in software 
development. Moving most of the testing strategies from 
manual to automation has significantly reduced time and 
efforts a lot. Still, regression testing pays a lot in time, effort 
and cost for testing the whole software for each change in the 
code. Thus, test case prioritization is highly researched and 
improved domain in last decade which covers and prioritizes 
all the test cases for early fault detection and cost saving. In 
this paper, 27 scholar articles are reviewed ranging from year 
2000 to 2019. Objective of this paper is to review and 
compare top TCP approaches for their strengths and 
limitations. This comparative study will be beneficial for 
beginners and experts in the domain of TCP for further study. 
 
Key words : Coverage based, comparative study, history 
based, model based, regression testing, test case prioritization 

 
1. INTRODUCTION 
 
Testing is one of the significant phases in SDLC model, 
where cost, resources and time are the key factors. 
Traditionally, testing is performed after the coding phase. But 
nowadays, as the agile became the development approach 
due to its benefits, testing has become a parallel activity 
performed along with the coding. Aim of the testing is to 
deliver the defect free software within estimated cost and 
schedule, which can be achieved by detecting defects in the 
early phase of software development.  
Testing becomes very crucial when the software undergoes 
continuous changes/ up-gradations. Regression testing is the 
approach which confirms that changes done in the code under 
up-gradation has not affected the already working 
functionalities of SUT. Regression testing is performed by 
re-running all the test cases which ensures that no new 
defects have been introduced in the changed code. However, 
re-running all the test cases (“Retest All” approach) at each 
stage of change in the application is impossible in terms of 
money, time and resources. Thus, researchers have focused 
on this problem in last two decades and came up with many 
solutions to reduce the time for testing along with 
improvement in effective testing. Test Case Prioritization 
 
 

 

(TCP) is the widely researched area to overcome the 
limitations of regression testing. TCP ranks the test cases of 
the test suite in order to achieve one or more objectives, such 
as increasing the rate of fault detection, reducing time for 
testing, detecting bugs in early phase of development, 
prioritization based on user requirements etc. Average 
Percentage of Faults Detected (APFD) metric is used study 
the rate of fault detection[2]. Too much detection of faults 
after doing the modification in the code has direct effect of 
reliability of software [4].Regression testing is the part of risk 
management of system under maintenance which 
distinguishes potential faults in the system before they 
happen and influence software system risk, thus reliability 
[5]-[7]. In research work [09], author has frame a software 
reliability growth model by using the test execution time and 
code coverage information. 
Despite of some literature surveys and studies of introducing 
and evaluating TCP approaches, there are limited 
comparative studies available for TCP approaches.  In this 
article, we have reviewed the ten recent survey papers, which 
results that code coverage, model and history based are most 
commonalty used TCP approaches. Here, we are building a 
comparative study of coverage, model and history based TCP 
approaches. We have surveyed the recent contributory 
articles under these three approaches and performed a 
comparative analysis. 

2. CLASSIFICATION OF TCP TECHNIQUES AND OBJECTIVES 
There are three techniques under regression testing: Test 
Case Prioritization (TCP), Test Case Selection (TCS) and 
Test Suite Minimization (TSM). Test Case Selection (TCS) 
is like subset of Test Case Prioritization, where selected test 
cases from the test suite are picked for execution. TCS aims 
to locate the faults under the changed code and execute them 
to get the confidence that changed code does not have 
affected unchanged code. TCP re-execute all test cases where 
TCS execute subset of test cases. TSM goal is to trim down 
the number test cases from the test suite which are redundant 
and absolute. 
TCP is better approach as compared to TCS and TSM, as it 
does not negotiate with the quality of testing by reducing the 
test suite. Every TCP technique follows one or more 
objectives; so technique can be single or multi objective. 
Figure 1 shows TCP techniques and objectives.
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Figure 1: TCP techniques and objectives 

 

3. RESEARCH METHODOLOGY 
This section will describe the research methodology we 
adopted. 
3.1 Research Questions 
 
We set up four research questions for this case study. The 
findings of these research questions will be helpful for 
researchers who are beginners to conduct research in the 
domain of TCP approaches of regression testing.  
 RQ1: What are the most inspected TCP approaches? 
We know that there are many approaches of TCP studied. Our 
motive is to identify most researched TCP approaches using 
recent survey and review papers. 
 RQ2: What are the strengths of top researched TCP 
techniques? 
Our second research question is to focus on comparative study 
of top researched TCP techniques for their strength. 
 RQ3: What are the limitations of top researched TCP 
techniques? 
We assume that every TCP approach is best suited for some 
specific programming system. This research question does 
comparative study of top researched TCP techniques for their 
weaknesses. 
 
3.2 Research Contribution 

There are many survey papers published on TCP approaches 
for effective and efficient regression testing, but to the best of 
our knowledge, there is no comparative study paper on TCP 
techniques. This encouraged us to prepare the comparative 
review article on top researched TCP techniques. This paper 
attempts to make the following contribution: 
1. We have extracted around 16 survey papers out of which 09 
have been finalized for comparative study. We restricted our 
study of survey for years from 2012 to 2019. From the studied 
survey papers on TCP techniques, it has been observed that 
coverage-based technique is the most researched area 
followed by history-based and model-based technique. This 
study is shown in table 1. 
2. In depth study of recent published papers on coverage, 
history and model-based prioritization mechanism in details. 
3. The main contribution of paper is the comparative study of 
top TCP techniques i.e. coverage, history and model-based 
prioritization based on factor of metric, results, dataset and 
performance. This comparative study will help researchers to 
gain the knowledge of advantage and limitations of each 
compared TCP approaches. 

4. REVIEW OF TOP THREE RESEARCHED TCP APPROACHES 
 
4.1 Code Coverage Based Prioritization 
It is a code-based fundamental white-box testing approach 
that uses the structural aspects of the code such as statement, 
function, condition, path etc. Here, the TCs are mapped with 
the structural aspects of the code under testing, which then are 
used for ordering the TCs. The main goal of Coverage Based 
Prioritization is to achieve the maximum coverage by running 
minimum number of TCs, which ultimately enhance the rate 
of fault detection. There are many tools available to capture 
structural information of a code, which then can be used for 
mapping with respective TCs.  

Table 1: Summary of studied survey papers on TCP in regression testing 

Study Reference Year of 
Publication 

Years 
Covered 

Total Studies 
Reviewed 

Top Researched TCP Technique 

Yoo and Harman [1] 2012 1977-2009 159 Code 
Coverage 

Fault based Model based 

Singh et al. [3] 2012 1997-2011 65 Code 
Coverage 

History 
based 

Model based 

Catal et al. [10]  2013 2001-2011 120 Code 
Coverage 

Model based History based 

Kumar and Singh [11] 2014 NA 19 Code 
Coverage 

Fault based Model based 

Kiran et al. [12] 2015 NA 90 Code 
Coverage 

Requirement 
based 

Model based 

Hao Dan et al. [13] 2016 NA NA Code 
Coverage 

Model based History based 

M. Khatibsyarbini et al.[14] 2017 1999-2016 69 Search 
algorithm  

Code 
Coverage  

History based 

M. Rajendrani et al. [15] 2018 2001-2018 90 Code 
Coverage  

Requirement 
based  

History based 

Saraswat Pavi et al. [16] 2019 2012-2019 34 Code 
Coverage 

Model based History based 
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Here, we are highlighting total 7 research publications in 
coverage-based TCP which have added a significant 
contribution in this approach.  Elbaum et al. [1] proposed a 
version specific coverage-based TCP technique with the aim 
of maximum fault detection, which works on statement and 
function level SUT. Every test case is mapped with underline 
affected lines of code (known as statement coverage) and 
function covered (known as function coverage). Author 
concludes that function level coverage-based TCP needs less 
instrumentation for gathering TC mapping information 
compared to statement level coverage. This work is evaluated 
on space program and seven C programs at Siemens 
Corporate Research Lab. APFD is the metric used for 
experimental evaluation of work.  
In the work proposed by Leon et al. [19], authors have 
compared the coverage-based TCP techniques which includes 
total - additional coverage and distribution based TCP 
includes clustering based coverage. Euclidian distance is 
calculated between clusters for similarity and dissimilarity 
measure. TCs which are part of same cluster are more similar 
than that of another cluster. Authors conducted experiment 
and used an APFD metric to compare the results, which 
depicted that distribution based TCP filtering techniques are 
more efficient than coverage based. Jeffrey et al. [23] used the 
relevance slice, where slice is the block of affected output of 
SUT and the underline branches executed. Higher the number 
of branches, higher is the priority assigned to slice. Authors 
evaluated the slice concept on Siemens Program and found 
that proposed technique performs better as compared to 
additional coverage-based prioritization. Statement based 
coverage is researched in more depth by Beena et al. [21] 
where a matrix is constructed that stores the Test Case 
Coverage (TCC) data mapped across the TCs. Each time the 
TC gets selected for execution, the TCC matrix gets updated. 

Getting maximum code coverage by executing minimum 
number of TCs is the goal behind this approach. Konsaard 
Patipat and Lachana Raming wong [20] used a condition 
coverage data which was given as an input to the Genetic 
Algorithm (GA) and Bee Colony Optimization (BCO) for 
TCP. Authors have evaluated technique on classic triangle 
identifier problem and found the result that GA works better 
as compared to BCO. Improving software reliability by early 
detection of faults using particle swarm optimization (PSO) is 
studied in the work [8]. The optimization by PSO can also be 
improved by combining the technique with clustering [9]. Ant 
colony optimization (ACO) is another swarm optimization 
technique that is considered for TCP [18]. Authors [50-24] 
have proposed a hybrid approach by combining two 
optimization algorithms:  particle Swarm optimization 
technique and genetic algorithm. Test case execution time is 
used as a fitness function for evaluation of each generation. 
APFD metric is used to evaluate the performance of proposed 
technique. The research work proposes in [52-25] utilize 
statement coverage information for assigning priority to test 
cases. Here, authors propose an adaptive approach to select 
the TCs using APSC metric. The code coverage in 
combination with hamming distance technique is proposed by 
Hridoy et al. [22] that detects the existing faults as well as 
newly introduced at the earlier phase of development. This 
technique uses the behavior of the SUT and constructs a flow 
graph, used for mutant code coverage data gathering. Code 
coverage based TCP approach is summarize in table 2.  
The figure 2 shows the general working approach of code 
coverage based TCP where statement coverage, branch 
coverage, path coverage and function coverage data works as 
basic block for deciding the priority of covered TCs. Each TC 
is aligned with no. statement, path, function and condition it 
covers for given SUT.  

 
Figure 2: General working of code coverage based TCP technique

 
Table 2: Summary of code coverage based TCP

Authors and 
year 

Prioritization technique Remarks Metric used Subject Program 

Elbaum et al. 
(2000) [1] 

coverage at statement and 
function level 
9 TCP techniques (total, 
additional etc.) are proposed 

Both statement and function level 
coverage gives efficient result  
Instrumentation work for function 
coverage is much lesser compare to 
function coverage 

Average 
Percentage of 
Fault 
Detection 
(APFD) 

seven C programs 
at Siemens 
research lab and 1 
space program 

David Leon 
and Andy 
Podgurski 

Proposed code coverage based 
TCP uses total and additional 
coverage data 

distribution based TCP filtering 
techniques are more efficient than 
coverage based 

APFD 3 compilers are 
used for GCC, 
Jikes, and 
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(2003) [19] distribution based TCP uses 
clustering approach 

javac compilers 

Jeffrey Dennis, 
and Neelam 
(2006) [23] 

Uses the concept of relevance 
slice which is mapping of 
branch coverage data with 
affected output of SUT.  

perform better compare to 
additional code coverage 

APFD Siemens suite 

Kaur et al. 
(2011) [26] 

Branch Coverage based TCP Better result compare to total 
additional statement coverage 
based TCP 

Average 
percentage of 
condition 
coverage 
(APCC) 

Siemens suite 

Beena, Raman, 
and S. Sarala 
(2013) [21] 

Statement coverage data and 
affected TC is mapped in test 
case coverage matrix(TCC)  

Technique not evaluated APFD NA 

Konsaard 
Patipat, and 
Lachana 
Ramingwong 
(2015) [20] 

Comparative study of Genetic 
Algorithm (GA) and Bee 
Colony Optimization(BCO) 
using Total condition coverage 
as input 

GA performs better compare to 
BCO 

APCC Evaluated on 
classic triangle 
problem 

Hridoy et al. 
(2015) [22] 

Input code coverage data in 
combination with hamming 
distance  

Early detection of existing as well 
as new faults 

APFD NA 

 
4.2. Model based prioritization 
 
As the software undergoes maintenance phase, continuous 
changes in code indirectly increases the complexity of testing 
the code and thus testing efforts and cost. Maintaining the data 
of changed code and underlined test cases needs to be timely 
upgrade which is time consuming task. Model based TCP 
suits best in such cases and thus it becomes the one of the top 
researched TCP approaches due to its benefits. In SDLC, 
models are created earlier before coding phase; thus help to 
detect bugs in early phase of development. Unified Modeling 
Language (UML) models (state diagrams, activity diagram, 
class diagram etc.) are utilized to depict the behavior of 
system. In this section we would like to highlight the 6 
research publication for their unique contribution under model 
based TCP.  
Approach proposed by Hemmati et al. [30] has followed 
similarity based test case selection approach. Similarity in 
association with clustering for unique selection in proposed in 
[39]. Graph based TCP is exercised by Panigrahi et al. [31] 
where they construct a graph showing data control 
dependencies of the changed functionality and obtain the TCs 
covering the affected graph nodes. Priority is assigned to each 
node. The empirical evaluation of proposed work is 
performed on ATM, Library System, Elevator Controller and 
Vending Machine and found 30% improvement in TCP 
compared to random prioritization. Research on comparison 
of model based and code based TCP was carried out by Qin et 
al. [29] for objected-oriented programming which concludes 
that UML-based approach is best for TCP in 
objected-oriented programming. Rathore et al. [33] developed 
an automated tool which converts sequence and activity  
diagram into control flow tree which then used for test case 
generation and prioritization. 

Dahiya et al. [28] considers class, sequence and activity 
diagrams to capture the semantic changes in code for test case 
selection. But this approach does not consider prioritization of 
test cases. The approach proposed by Zhang et al. [32] extract 
C&K metrics from UML class diagram and sequence diagram 
to estimate error probability and severity. TCs are then 
prioritized using calculated error probability of each affected 
functionality. Basa et al. [26] focused on behavior of system 
before and after changes in system. The changes are captured 
in revise sequence diagram which then are used to calculate 
weight of affected nodes of constructed graph. Each node is in 
association with number of test cases. Authors have evaluated 
approach on six Java programs. This approach considers only 
dynamic changes in system behavior, and does not identify 
static changes at class level, which can be drawback of 
approach. The work presented in [40] has implemented 
Markov chain testing strategy for test case selection by 
improving the rate of fault detection. In [41], author 
constructs dependency graph by using UML models to track 
the changes in the original and modified code for affected test 
case selection. This technique is proposed for D programming 
language. The model based TCP approaches studied are 
summarizing in table 3. 

 
Figure 3: General working flow of Model based TCP 

Figure 3 shows the broad working approach of model based 
TCP. Here, a graph is constructed for original and modified 
code. The affected nodes are identified based on changed 
code- model and underline TCs are prioritized.  
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Table 3: Summary of code coverage based 
Authors and 
year 

Prioritization technique Remarks Metric 
used 

Subject Program 

Hemmati et al. 
(2013) [30] 

similarity based test case selection 
approach 

Test case diversity 
increases scalability of 
model based testing 

APFD video conference 
system, safety 
critical system 

Panigrahi and 
Mall (2013) [31] 

Object oriented features were taken into 
account for constructing dependency 
graph showing control 
and data dependencies 

Almost 30% 
improvement in bug 
detection 

APFD ATM, library 
system, elevator 
controller and 
vending machine 

Qin Mengqiu, and 
Haini Cai. (2015) 
[19] 

Compared to model-based and 
code-based and found earlier is much 
efficient  

UML-based approach is 
best for RT in OOP 

NA only proposed 
approach 

Rathore et al. 
(2015) [23] 

Developed an automated tool which 
convert sequence diagram and activity 
diagram into control flow tree which then 
used for test case generation and 
prioritization 

Compare to non 
prioritization approach, 
proposed approach shows 
better performance 

APFD travel reservation 
agency 

Dahiya S., Bhatia 
R. K., and Rattan 
D. (2016) [28] 

TC selection using class, sequence and 
activity diagrams based on before and 
after changes in semantic of operations 

improvement in finding 
re-testable and reusable 
TCs 

APFD ATM, library 
system and student 
enrollment system 

Zhang et al.  
(2018) [32] 

Extracting C&K metrics from UML class 
diagram and sequence diagram to 
estimate error probability and severity. 
TCs are then prioritized using calculated 
error probability 

Error detection rate 
increases effectively 
compare to traditional 
code coverage and 
additional coverage 
techniques 

APFD unmanned aerial 
vehicles (UAV) 
fight control system 

Basa et al. 
(2018) [27] 

A graph generated from sequence 
diagram is used for calculating weights of 
affected nodes 

improvement in APFD 
metric compared to 
traditional TCP approach  

APFD evaluated on 6 java 
implemented 
systems 

 
4.3 History based TCP 
 
History based TCP is one of the widely researched field in 
prioritization. Under this, history of fault information such as 
test case raising the fault, fault severity, time stamp, number 
of executions etc. are stored in the memory which then used 
for next regression cycle. Fault matrix shown in fig. 4 is the 
most commonly used storage way to maintain the fault history 
information. Here, TC1, TC2 etc. are test cases from the test 
suite and F1, F2 etc. are faults found in the system. The 
mapping depicts faults detected by each TC from the test suite 
and is shown in table 4. In this subsection of paper, we would 
like to show up the 5 research papers which reflect history 
based TCP approach. 
The concept of fault age was established in paper written by 
Kim and Porter [34]. Author calculates the fault age by 
counting the test run which could not detect the faults. 
Probability for each test case is calculated based on its 
position in test suite execution order and historical 
performance data of TC. Existing method consider all faults 
with same severity, which became the point of criticism for 
many further researchers. The extension of this work is 
proposed by Gupta et al. [35] which unlike Kim and Porter 
[34] does not calculate TC based probability; instead consider 
modified lines of code for probability calculation used for 
ordering test cases. Author found result improvement 
compared to Kim and Porter [33]. 

Gupta et al. [35] studied history based TCP approach that uses 
data of modified lines of code. The test cases covering 
modified lines of code were given first priority for execution. 
The work presented Wang and Zeng [36] uses the fault 
detection history of TCs and importance of requirements. 
Requirement properties are obtained in requirement phase of 
SDLC from the developer and customer. These properties are 
matched with TCs that are further considered for assigning 
priority to each requirement. The calculated priority against 
requirement is mapped with underline TC deciding the order 
of TCs execution in TCP. This approach is evaluated on 
industrial CPMISS- web application which concludes that the 
approach works far better compared to traditional TCP 
approach. An artificial immune system based, clonal selection 
algorithm is proposed to find an optimal test case ordering in 
research article by Tulasiraman et al. [37]. 
 
Table 4 :Test cases and its detected faults (History Based) 
 

Test 
Cases 

F1 F2 F3 F4 F5 F6 F7 F8 

TC1 X   X   X  
TC2  X X  X  X X 
.         
TCn X  X   X   

Hasan et al. [38] have come up with new edge of TCP 
technique where they consider the dissimilarity between the 
test cases based on historical data of fault detection. Test cases 
belonging to different clusters of affected functionality are 
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given high priority for execution. Authors have evaluated 
technique on well known dataset - Defects4j and obtained 
efficient result in APFD metric compared to random TCP 

approach. Table 5 summaries the studied scholar articles of 
history based TCP. 

 
Table 5: Summary of history based TCP approach 

Authors and 
year 

Prioritization technique Remarks Metric 
used 

Subject Program 

Kim, J.M., 
Porter, A  
(2002) [34] 

Fault age is calculated using 
historical data of TC 
execution 

Do not consider fault 
severity factor for TCP 

APFD Web application 

Gupta et al.  
(2015) [35] 

mapping of TC against 
modified lines of code   

Improve result compare to 
[31] technique 

APFD ten programs of Java, C 
and C++ 

Wang  et al. 
(2016) [36] 

TCP using fault detection 
history with requirement 
classification and 
importance 

proposed approach is 
superior compared to 
random prioritization  

APFD and 
Fault 
detection 
rate 

CPMISS- web 
application 

Tulasiraman 
Megala, and 
Vivekanandan 
Kalimuthu. 
(2017) [37] 

cost cognizant history based 
prioritization of test cases 
using clonal selection 
algorithm (CC-CSA) 

perform better compared to 
Random prioritization, total 
functional coverage, genetic 
algorithm and cost 
cognizant prioritization of 
test cases  

APFDc  hospital management 
application 

Hasanet et al.  
(2017) [38] 

dissimilarity test case 
clustering using historical 
data analysis to detect 
system faults at the earliest 

dissimilarity algorithm 
performs better than 
untreated, random and 
similarity based TCP 

APFD JodaTime, Closure, and 
Chart from well reputed 
Defects4j datasets  

5. CONCLUSION OF COMPARATIVE STUDY OF TCP 
TECHNIQUES 
We have studied and analyzed total 27 papers which include 9 
survey papers of TCP approaches in regression testing and 18 
research papers covering recent advancement in TCP 
approach. Those 18 papers contains 7 code coverage based, 6 
model based and 5 history based TCP studies. The 
comparative analysis of these approaches is written in table 6.  
The main goal of most of the TCP techniques is the early 
detection of faults with minimum cost. Maximum code 

coverage, minimum execution time, severe fault detection and 
customer requirement priority based prioritization are also 
major objectives of many research TCP techniques.  
The study and analysis we did, is conclude in following 
points: 
1. Our research question 1 is about identifying mostly used 
TCP approach which is code coverage based approach due to 
its high accuracy of locating faults at the earliest. But it suffers 
an overhead of continuous updation of data for underline 
coding parameters such as lines of code, functions, path, 
decisions, conditions etc. 

Table 6: Comparative study of Code Coverage, Model and History Based Software TCP approaches 
Parameter Code Coverage  History Based Model Based 
Data used  Code coverage data  History of faults and test 

cases 
UML model, OOP 
models 

Overhead Continuous updation of 
code data such as lines of 
code, conditions, decisions 
etc.  

Maintaining history of fault 
and test covering faults 

updation of model as per 
new code churn 

Bug detection in testing phase testing phase design phase 
Access to source code required  sometimes required not required 
APFD High High Moderate 
Time requirement High Moderate Less 
Rate of detecting severe faults Moderate High Moderate 
Application best suited for Small Moderate High  
2. When testing a huge application, maintaining the code 
coverage data becomes a tedious task. As it needs to be 
updated after each single change in the code. Model based 
TCP approach works best in case of huge application. As the 
changes in the model directly highlights the underline test 
case data. 

3. Code coverage based TCP technique dominantly gives 
better APFD results compared to model and history based 
TCP approaches. 
4. Early detection of severe faults can easily be achieved in 
history based TCP approach. As the history of fault is 
detected, its severity- priority and other details related to 
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faults are maintained over the evaluation of testing process. 
This approach also helps to predict the probable faults and 
helps to take the corrective measures. 
5. When time and cost are the main concerns of testing, model 
based TCP in combination with history of fault data will result 
better compared to code coverage TCP approach which needs 
much instrumentation for maintaining code updates. We hope 
this article will be helpful for researchers who have interest in 
TCP approaches in regression testing.  
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