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Abstract— Test case prioritization reorders test case execution sequence based on 

their early fault detection capability. In regression testing when new version is 

released, both current and previous version test cases are executed to cross check 

the desired functionality. Historical failure data ensures the previous fault detection 

information, which leads the potential faults in new version. Most of the existing 

prioritization strategies are developed either similar code or requirement coverage 

based, where some incorporated historical failure data. Clustering similar test cases 

may detect similar fault consecutively, which never ensure the maximum variety of 

fault coverage. This paper presents a prioritization approach based on multipartite 

graph clustering using historical data analysis to detect faults of different code 

coverage in minimum test case execution. In this strategy, test cases within each 

partite are distinct in terms of function coverage, which ensures dissimilarity among 

them. Proposed scheme is evaluated using well established Defects4j dataset, and it 

has reported that multipartite algorithm performs better than normal ordering, 

random, similarity clustering, and dissimilarity based test case prioritization 

approaches. The proposed method performs 42.85% and 14.28% better than 

similarity and dissimilarity based approaches respectively in terms of early fault 

detection. 
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1. INTRODUCTION 

Test case prioritization determines proper re-orderings of test cases to enhance fault 

detection rate. In regression testing, both new and previous versions test cases are 

considered for checking newly added functionalities. Regression testing involves 

revalidating the software when new components have been included to meet the modified 

requirements [1]. Gradually test cases are increased with the evolve of each version, and 

exhaustive testing will become very expensive and time consuming [2], e.g., more than 

50 days are required to test 20,000 lines of code [1]. 

Since, regression testing is one of the major time challenging activities, various 

methods such as test case selection, reduction, and prioritization have been introduced to 

improve regression testing performance on the basis of time effectiveness [1], [3], [4]. 

Reduction techniques remove test cases from a test suite which are redundant with respect 

to the coverage of some set of program requirements [5]. Where, selection techniques do 
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not remove but select test cases those are related to the changed portion of the source 

code [5]. Both techniques reduce the reliability of regression testing by omitting some test 

cases those can detect certain types of faults. On the other hand, test case prioritization 

reorders test cases by considering all of them, in such a way so that it meets testing 

objectives like fault detection rate and code coverage or quick feedback [4]. Researchers 

introduced different test case prioritization techniques to maximize fault detection rate, 

which are categorized in several areas, such as requirement coverage [6], [7], historical 

data analysis [8-10], code coverage [4], [11], [12], etc. Regression test case prioritization 

based on requirement priority has been implemented using historical execution data [8]. 

While, several code coverage based prioritization techniques are described by Rothermel 

et al., [3] to improve the rate of fault detection. Test cases are also prioritized using 

heuristics algorithms, e.g. modified genetic algorithm to improve code coverage has been 

proposed by [11]. Bayesian Network based prioritization method has been presented by 

Zhao et al., [13] where test cases are clustered using their method level coverage to 

improve rate of fault detection. 

 

 

Fig. 1   Similar Cluster Formation 

On the contrast, clustering based prioritization approach was experimented by [6], [7] 

where test cases are clustered using their code coverage in order to improve earlier fault 

detection. However, clustering test cases based on their coverage information may detect 

similar faults consecutively as each cluster contains similar type of test cases. This 

problem of similarity based clustering approach has illustrated in Fig. 1, where nine (9) 

test cases and eight (8) faults are covered by three (3) similarity based clusters. 

Interestingly, faults F4 and F5 are covered by all three clusters. However, faults F3 and 

F10 are uncovered by all clusters. In this scenario, any single cluster cannot cover all or 

maximum fault, which is one of the limitations of similarity based test case clustering. 

Dissimilarity based clustering technique has been proposed by [14], [25] to overcome the 

limitation, where dissimilar clusters are formed using top test cases from each similar 

cluster. However, it does not ensure that test cases inside a cluster are uniquely 

independent in terms of execution or coverage. 

To overcome this drawback, this paper proposes multipartite test case prioritization 

approach to ensure distinct test case selection in terms of function coverage. In the 

beginning of multipartite prioritization, call dependency graph of current version's test 

suite is generated to find out the inter function connectivity among the test cases. Where, 

the connectivity defines either similar or dissimilar among the test cases. After that, test 

cases are assigned inside the partitions using generated call dependency graph, where 

connectivity value is either connected (1) or disconnected (0). Therefore, test cases within 

every partite are independent from each other, which ensures test cases' distinctness in 
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terms of function coverage. Fault history call dependency graph is generated from new 

and previous test cases to list out the similar test cases which are failed in previous 

execution. Test cases similar to previously failed have highest possibility to fail in 

subsequent execution; hence, these test cases get priority in regression testing [17]. 

Failure history and degree of connectivity are used to order intra-partite test cases. 

When test cases are similar to failed in previous execution, number of detected faults with 

normalized degree of connectivity is used for priority assignment. Otherwise, only 

normalized degree of connectivity is used for intra-partite test case priority assignment. 

Finally, execution sequence of each partite is ordered to detect divergent faults at the 

early stage of regression testing. Cumulative priority score of entire test cases inside a 

partite is used for ordering the final partite execution sequence. Thus, proposed method 

can detect divergent faults by executing lower input size as they cover different function 

in source code. The proposed multipartite framework is experimented with four java 

projects of Defects4j [15] dataset, and results are compared using standard prioritization 

measurement metric APFD [4]. On average, proposed multipartite approach has higher 

average percentage of fault detection rate (APFD 83.53%) compare to untreated, random, 

similar, and dissimilar [14] 50.16%, 50.02%, 66.64%, and 77.05% respectively. Through 

the research, it has been concluded that, the combination of distinct test case partite and 

failure history is significant for detecting faulty modules earlier than others. 

Rest of the paper is organized as follows: the literature review has been described in 

section II. Section III presents the proposed methodology, where experimental result 

analysis and conclusion are discussed in section IV and V respectively. 

 

2. LITERATURE REVIEW 

Test case prioritization technique rearranges test case execution sequence to maximize 

objective functions, such as improving rate of fault detection. In regression testing, 

several approaches are proposed for prioritizing test cases, which can be categorized by 

fault based, requirement based, source code based, etc. Details prominent prioritization 

techniques are classified and reviewed in this section. 

 

2.1. FAULT BASED PRIORITIZATION 

Rothermel et al., described code coverage based prioritization approach to detect 

fault early in regression testing. This strategy introduces different variations of code 

coverage based methods, using different criteria for coverage named as branch 

coverage, statement coverage, and fault exposing potential [1]. Empirical result 

analysis showed code coverage based prioritization performs better than additional 

branch coverage. 

Nayak et al., introduced a novel approach based on fault rate and fault severity to 

prioritize test cases so that more faults can be identified at the beginning of the 

testing phase [16]. In this method, the fault rate defines the total number of faults 

revealed by a test case in execution time, where fault severity can be different such 

as higher, lower for various projects based on the software unit testing. The 

comparative result analysis showed that proposed method APFD value is higher 

than existing random, reverse and no prioritization approaches. 

Tanzeem et al., proposed a prioritization approach using failure history in order 

to rank test cases similar to previously failed [17]. In this research, test cases those 

are functionally similar to previously failed got ranked. Similarity is measured 

using function call sequence between old and new version test cases and 

experimented with defects4j dataset. The investigation stated that the proposed 

method performs more efficiently as it can effectively prioritize test cases compared 

to other traditional strategies. However, this technique cannot work efficiently if 

fault history is unavailable or insufficient. 
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2.2. REQUIREMENTS BASED PRIORITIZATION 

Arafeen et al., proposed prioritization technique using requirement similarity 

clustering to investigate regression testing efficiency [6]. In this proposed method, 

clusters are formed using requirements test case mapping traceability matrix, where 

test cases within each clusters had been prioritized based on code coverage 

information. Experimental result analysis denoted that the applied strategy 

improved the test case prioritization effectiveness by incorporating requirement 

information. However, test case failure history has not been considered for 

prioritization, which may affect the performance. 

Siddik et al., introduced test case prioritization technique named as RDCC, 

which collaborates different software artifacts such as requirements, design 

diagrams and source code in order to overcome the limitation of traditional s ingle 

SDLC phase [18]. In RDCC approach, requirements connectivity, design inter -

dependency and code metrics are collected, and multiplied by their weight for 

measuring final priority of test case. Experimental analysis figured out that use of 

collaborative information was significant in test case prioritization. However, 

significant direction was undeclared for assigning weight to SDLC phases, and the 

result would be more effective by incorporating historical failure data.  

Marijan et al., proposed a multi-perspective test case prioritization framework in 

time constrained environment considering test case execution time, inter dependent 

functionality, failure impact and frequency factors for faster fault detection [19]. 

This approach prioritizes test cases to detect fault early and maximizes test cases 

having maximum inter dependence functional coverage, failure impact and 

frequency by selecting cost effective test cases when time is limited. Even though, 

this strategy used multiple factors for prioritizing test cases, dissimilar based test 

suite selection has not been considered to detect different type of faults.  

 

2.3. COVERAGE BASED PRIORITIZATION 

Konsaard et al., implemented a modified genetic algorithm for prioritizing test 

cases to improve code coverage [11]. In this method, a control flow graph was 

generated using the selected program, which derived to get decision graph that may 

vary for different number of test cases. The experimental result showed that 

modified genetic algorithm performed better than Bee Colony and random 

approaches using fitness value and total coverage. Code coverage based adaptive 

random testing technique for test case prioritization has been proposed by Jiang et 

al. [20] to overcome the limitations of random test case selection. In random 

prioritization, tie test cases are resolved with random selection, which may select 

important test cases at the last that leads to ineffective prioritization.  

Zhang et al., proposed the total and additional strategies to prioritize covering 

elements and non-covering additional elements [21]. In additional strategy test 

cases with maximal coverage are chosen that are not covered in earlier prioritization 

sequence where, the total strategy always takes statements in account considering 

previously covered statements history. The contribution of this method is to 

introducing prioritization approach unifying two models named as total and 

additional strategies. That can also yield a spectrum of generic strategies having 

smell of both the total and additional technique. 

Rothermel et al., introduced a modern approach for regression test case selection 

using control flow graph theory [22]. Here control flow graph of present and 

previous version program is constructed in order to select test cases those covers 

new source code. The proposed method can select test cases form the original set 

suit to test modified as well as deleted source code efficiently. And thus this 

technique ensures that new version software does not affect existing code adversely.  
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The experimental analysis indicates that proposed method reduce execution time 

and manage big data size in regression testing. 

 

2.4. PROBABILITY BASED PRIORITIZATION 

A Bayesian Network (BN) based novel prioritization framework was proposed to 

improve fault detection rate by Mirarab et al., [12]. The framework took program 

modification, tendency of fault occurrence and test case coverage information as 

input and produces the probability of fault detection by a test case as output. 

Quality metric, test coverage, and changes of data analysis were taken for 

construction of Bayesian model. The experimental result showed that proposed 

method performed better than other implemented techniques such as normal 

ordering and random ordering, if the available faults are remarkable.  

Zhao et al., proposed an enhanced BN based prioritization technique to overcome 

the drawback of detecting similar faults by several test cases in BN based approach 

[13]. This strategy clustered test cases based on method level coverage matrix, and 

ordered intra cluster elements with fault detection probability by BN. Source code 

change information, class level coverage matrix was fed in BN model to get failure 

probability. The result showed this scheme is more effective than normal BN model 

for prioritization. However, failure history which is effective to detect fault in 

regression testing [17] has not been considered for prioritization. 

 

2.4. HISTORY BASED PRIORITIZATION 

To improve testing efficiency, history based dynamic regression test case 

prioritization using requirement priority was proposed by Wang et al., [8]. In this 

method, test cases were prioritized with requirements assigned priority where 

numbers of faults detected by test cases were recorded to be used for next version 

requirement priority. The results analysis has showed that the proposed method 

improves testing effectiveness and fault detection ability compare to existing 

random and other methods, where the efficiency depends on how accurately 

requirement priority has been assigned. 

History based test case prioritization for failure information has been proposed 

by Chao et al., [10], where failure history is statistically analyzed to reorder the test 

cases by utilizing the correlation data from previous test result. Wong et al. 

proposed a mixed up mechanism having the combination of code modification, and 

code minimization with previous version history [23]. This paper implemented an 

Automatic Testing Analysis tool in C to compute the test selection and showed 

improve performance rate by reducing response time. 

 

2.5. SUMMARY 

The literature analysis of existing approaches shows different prioritization 

strategies that have been implemented for regression testing such as requirement, 

code coverage, historical data analysis, probability based etc. Very few researchers 

incorporate the historical data and similarity clusters, where similar test cases are 

pointing the uniform faults together, which are imperfect in different fault 

detection. However, no direction has been found yet to identify distinct tes t cases in 

terms of function coverage to detect dissimilar faults using historical data analysis, 

which may increase fault detection rate in regression testing. 

 

3. PROPOSED METHODOLOGY 

The multipartite clustering based test case prioritization framework is proposed to 

improve the performance of regression testing. This method selects and executes more 
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significant test cases earlier with intent to different region code coverage for detecting 

variance faults. This section presents the details of the underlying ideas behind the 

proposed framework. The whole process is divided in the following five steps: 

Step 1: Generate Current Version Call Dependency Graph (CDG) 

Step 2: Partite Formation using CDG 

Step 3: Generate Fault History CDG 

Step 4: Order Intra Partite Test Cases 

Step 5: Final Ordering of Each Partite 

Detail description of the above steps is given in the following sub-sections. 

 

3.1. GENERATE CURRENT VERSION CALL DEPENDENCY GRAPH 

(CDG) 
A call dependency graph is generated using the connectivity among the test cases 

functions. This is a special type of directed control flow graph, which describes 

exactly those calls made from one entity to another [24]. In a program call graph 

represents binary relationship over the selected entities; for example, over 

functions, over modules, over files etc. In this research, test case similarity is 

realized using call dependency graph where test cases are vertices (V) and function 

dependency denotes the connectivity edge (E) of the graph G(V,E). The call 

dependency graph is generated with the value of presence or absence of functional 

connectivity between the test cases. The connectivity value is Boolean, which is 

either connected (1) or disconnected (0). 

 

Algorithm 1: Generate Call Dependency Graph 

Input: Current Version Test Suite (Tc)  

Output: Function Call Dependency Graph (Dij) 

1: Begin 

2: Tc← read all current version test cases ti 

3: Fi← all function in Test Case ti 

4: for all function fi ∈Fi do 

5:      for all function fi+1 ∈Fi+1  do 

6:           if fi is connected to fi+1 then 

7:                Dij←1 

8:           else 

9:                Dij←0 

10:           end if 

11:      end for 

12: end for 

13: End 

 

The functional steps of call dependency graph generation from current version 

test cases are explained in Algorithm 1. The symbols  , ,  in Algorithm 1 are 

used for list of current version's test cases, all functions of a single test  case, 

connectivity value of each test case in call dependency graph respectively.  

Similarity among the present version test cases are listed out using their inter 

function connectivity, for this purpose, function call dependency graph G(V, E) of 

present version test cases is generated. Degree of connectivity (DoC) for each test 

case is computed on the basis of total connections in the call dependency graph. The 

degree of connectivity measuring process is formalized as following equation.  
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



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1

321 ...              (1) 

Where, TCDoC = Degree of connectivity of a test case, n = number of test cases, and w 

= connectivity value in the call dependency graph for that test case considering position. 

After formation of function call dependency graph of present version test cases 

according to Algorithm 1, it is required to find out connectivity among test cases in order 

to partite formation, which is described in the following section.  

 

3.2. PARTITE FORMATION USING CDG 

Test cases similarity is used to form partite using present version call dependency 

graph. Test case similarity is explored using inter function connectivity in call 

dependency graph. If a test case is similar with any other partite's test case, a new 

partition is formed, otherwise, assigned in existing partition. First test case of test 

suite is taken to form the first partite. Next, the second test case is selected and 

checked similarity with existing partite's test case. If there exist similarity between 

the test cases, the selected test case forms a new partite. Otherwise, the selected test 

case is assigned inside dissimilar partite. 

 

Algorithm 2: Partite Formation Using CDG 

Input: Call Dependency Graph G(v,e) 

Output: Graph partites Pi 

1: Begin 

2: Tc← read all test cases ti  

3: Partite P1←{} 

4: P1 ←P1∪{t1} 

5: for all test cases ti ∈ Tc\ti do  

6:      if ti is connected to all Pi then 

7:           Make new partite Pi+1 ← {} 

8:           Pi+1 ← Pi+1∪ {ti} 

9:      else   

10:           if ti is disconnected to single Pq partite then 

11:                Pq ← Pq∪{ti} 

12:      else 

13:           if ti is disconnected to (n-1) partite then 

14:                r ← random assignment (1 to n+1) 

15:                Pr ← Pr∪{ti} 

16:           end if 

17:           end if 

18:      end if 

19: end for 

20: End 

 

If the selected test case is dissimilar with more than one partite, the test case is 

assigned randomly under any one of parites. This partite making process is 

continued until the test suite is empty. After the completion of partite formation, a 

number of partites are generated. Where each partite contains distinct function 

coverage test case as there have no possibility to exist similarity. This process is 

given in Algorithm 2, where the symbols  and  are used as all test cases in the 

version, and first partite respectively. 
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3.3. GENERATE FAULT HISTORY CDG 

Fault history call dependency graph is generated to find out the list of previously  

failed similar test cases. Previously failed test cases have highest possibility to fail 

in subsequent execution; hence, these test cases get priority in regression testing 

[17]. However, in new version, test cases get priority which is identical to 

previously failed test cases. Therefore, it is required to identify test cases in new 

version those are similar to previously failed test cases. The similarity between old 

and new test cases is measured using inter function connectivity. An example of 

inter function connectivity of old and new test cases is shown in Table I. 

Table I. Function called example 

@Test_Old_TestCase  @Test_New_TestCase 

public void testCaseOld() public void testCaseNew() 

{ m1(); m2(); m3(); m4(); m5(); m6(); } { m2(); m4(); m5(); m7(); } 

Common functions m2(); m4(); and f5(); 

 

According to the Table 1, function testCaseOld() called m1(), m2(), m3(), m4(), m5() 

and m6(), where function testCaseNew() of new test case called m2(), m4(), m5() and 

m7(). Even though, the name of old and new test cases is not same. However, m2(), m4() 

and m5() are called by both functions, thus, both test cases are connected for these 

common function calls. 

In this example, similarity score of testCaseNew() is three with respect to 

testCaseOld(), which is calculated by the total number of same function calls. After 

calculating this similarity score of present version test cases, an execution function call is 

generated in order to get list of test cases those are similar to previously failed test cases. 

Then, execution function call graph G (V, E) has been generated, where test cases are the 

vertices (V) and the similarity scores are the edges (E) between two vertices. Degree of 

connectivity of each test case is computed on the basis of call dependency graph. The 

fault history CDG generation steps are shown in Algorithm 3. 

 

Algorithm 3: Fault History CDG Generation 

Input: Old Version Test Case Told, Current Version Test Case Tcur 

Output: Failure History CDG Dij 

1: Begin 

2: Dependency Graph Dij ← {} 

3: Fold ← extract functions of Test Cases Told 

4: Fcur ← extract functions of Test Cases Tcur 

 Fi all functions in Test Case ti 

5: for all fi ∈Fcur  do 

6:      for fj ∈Fold  do 

7:           if fi is connected to fj then 

8:                Dij = 1 

9:           else   

10:                Dij = 0 

17:           end if 

18:      end for 

19: end for 

20: End 

 

The symbols  and  in Algorithm 3 are used for ith function in new version and jth 

function in present version test suites respectively. In this step, test cases of two 

subsequent versions (e.g: v2 and v3) are taken as input to find out inter connected 
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functions. Call dependency graph is generated using test cases inter connected function 

list of both versions. Similarity between the test cases is measured using degree of 

connectivity in call dependency graph. The similar to previously failed tests cases with 

their corresponding number of fault detection history is profiled as previous execution 

history, which is used for assign priority to present version test cases. 

 

3.4. ORDER INTRA PARTITE TEST CASES 

Test Cases in each partite are required to re-order according to their calculated weight 

for executing the most important test cases early. Previous failure history and degree of 

connectivity are used for internal partite's test cases ordering. The test cases similar to 

previously failed are assigned priority based on the number of faults detected in previous 

execution and normalized degree of connectivity; otherwise, only degree of connectivity 

is used. Test case weight is calculated using Equation 2 and ordered intra partite test cases 

in descending. When multiple scores were similar, then random assignment would be 

used for ordering. The partite test cases ordering steps are described in Algorithm 4. 

 

Algorithm 4: Order Intra Partite Test Cases 

Input: Partites P, List of detected faults by previous test cases Lf 

Output: Prioritize partite Test Cases Tp 

1: Begin 

2: Tc ← read all test cases from partite Pi 

3: DoC ← calculate test cases degree of connectivity 

4: Fn ← number of faults of each failure test cases 

5: Ltw ← {} 

6: for all ti ∈ Tc  do 

7:      if ti ∈ Lf  then 

8:           Ltw ← (DoC[ti]/NoTC) + Lf [ti] 

9:      else 

10:           Ltw ← (DoC[ti]/NoTC) 

11:      end if 

12: end for 

13: for i ∈ [1: Ltw] do 

14:      for j ∈ [i+1: Ltw] do 

15:           if Ltw[i] < Ltw then 

16:                temp = Ltw 

17:                Ltw[i] = Ltw[j] 

18:   Ltw[j] = temp 

19:           end if 

20:      end for 

21: end for 

22: End 

In order to calculate weight of each test case, degree of connectivity is divided by 

number of test cases and then the outcome is added with number of faults. Degree of 

connectivity is divided by total test cases to emphasis the weight of fault detection in 

previous version. The DoC value is also normalized to keep the value within a common 

range as below. 

NNoTCDoCTCweight  )/(               (2) 

Finally, test cases in each partite are ordered internally based on measured 

weighted score and represented in descending order. 
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3.5. FINAL ORDERING OF EACH PARTITE 

In above step intra partite test cases ordering is measured using failure history and 

degree of connectivity. Execution sequence of each partite is ordered to cover different 

function and thus detect divergent faults at early. For this purpose, weighted score of each 

partite is measured using the cumulative score of every test cases inside a partite. Finally, 

the partites are ordered in descending based on the measured total weighted score. 

Random algorithm is used to assign execution order for tie case problem. The overview 

architecture of the proposed approach is demonstrated in Fig. 2. 

 

 

Fig. 2   Proposed Framework Overview 

3.6. SUMMARY 

The proposed multipartite based prioritization strategy uses function call 

dependency graph to identify similarity between the test cases, which are ranked in 

descending order based on the failure history and degree of connectivity. The 

proposed test case orders will be effective for early variance fault detection in 

regression testing. 

 

4. EXPERIMENTAL RESULTS AND DISCUSSION 

This section discusses the whole experimental approach of the proposed prioritization 

strategy along with its evaluation of divergent function coverage and thus fault detection. 
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The performance of multipartite prioritization is compared to several most prominent test 

case prioritization approaches. 

 

4.1. DATASET 

Projects from well-known defects4j dataset [15] have been used for 

experimentation of proposed and compared techniques. The defects4j dataset 

provides 357 bugs and 20,109 test cases in different java projects which are shown 

in Table II. All the test cases consider as a single test suite for implementation. 

Several faults are also mutated inside these projects for experiment. Four selected 

java projects are used to analysis the prioritization approaches.  

Table II. Dataset Details 

Identifier Project # Bugs # TCs 

Closure Closure compiler 133 7,927 

Chart JFreechart 26 2,205 

JTime Joda-Time 27 2,245 

Lang Apache commons-lang 65 4,130 

 

4.2. EXPERIMENTAL PRIORITIZATION METHODS 

Proposed Multipartite Test case Prioritization (MTP) results are compared with 

existing four prominent prioritization methods named as Untreated Test case 

Prioritization (UTP), Random Test case Prioritization (RTP), Similar Test case 

Prioritization (STP), and Dissimilar Test case Prioritization (DTP). The description 

of those approaches is listed in Table III. 

Table III. Comparison with existing methods 

Label Description 

UTP Normal order of test cases (TCs) of a test suite 

RTP Random order of TCs of a test suite 

STP Similarity based TCs clustering and ordered with fault detection average weight 

DTP Dissimilarity based TCs clustering and ordered with failure history and DoC 

MTP Multipartite based test case partition and ordered with failure history and DoC 

 

4.3. PERFORMANCE MEASUREMENT METRIC 

Average Percentage of Faults Detection (APFD) is used to calculate the accuracy 

of test case prioritization approaches [4]. The limit of APFD result is 0 to 100, 

where higher number indicates faster fault detection rate. Let a test suite T contains 

n test cases, and let  be m faults revealed by test suite T;  is the position 

number of first test case of test suite T which detects fault . The APFD is 

calculated using the Equation 3. 

nmn

TFTFTFTF
APFD m

2

1...
1 321 




            (3) 

The statistical analysis of prioritization methods' accuracy has been measured by 

APFD metric, which indicate the effectiveness of prioritization technique [4]. 

 

4.4. RESULT ANALYSIS 

Comparison results of proposed MTP with UTP, RTP, STP, and DTP methods 

have been described briefly and shown in Table V. APFD percentage of different 

test case input size for different techniques is shown in Table IV. And Fig. 3 

represents APFD of five prioritization methods for all dataset.  
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Table IV. APFD Based on Input Size 

Data Sets Methods APFD (%) 

20% 40% 60% 80% 100% 

Closure 

V2 

UTP 36.53 36.53 42.30 100 100 

RTP 19.61 45.38 57.69 100 100 

STP 2.00 2.00 60.00 100 100 

DTP 100 100 100 100 100 

MTP 100 100 100 100 100 

Closure 

V3 

UTP 34.61 40.38 46.15 100 100 

RTP 28.84 56.92 68.07 97.69 100 

STP 0.00 0.00 84.61 84.61 100 

DTP 90 90 90 100 100 

MTP 56 90 100 100 100 

Chart V2 UTP 10.52 10.52 42.10 100 100 

RTP 14 32.63 64.21 88.37 100 

STP 26.31 26.31 57.89 100 100 

DTP 89 89 100 100 100 

MTP 89 100 100 100 100 

Chart V3 UTP 0 0 29.16 83 100 

RTP 20 36.65 62.50 100 100 

STP 54 88 100 100 100 

DTP 79 79 79 96 100 

MTP 83 83 83 100 100 

JTime V2 UTP 0 20 20 100 100 

RTP 10 18 64 94 100 

STP 80 90 100 100 100 

DTP 80 100 100 100 100 

MTP 90 100 100 100 100 

JTime V3 UTP 0 28 28 100 100 

RTP 17 45.60 63 91 100 

STP 72 88 92 100 100 

DTP 100 100 100 100 100 

MTP 100 100 100 100 100 

Lang V2 UTP 11 27 27 82 100 

RTP 24 43 43 90 100 

STP 36 89 100 100 100 

DTP 82 84 87 100 100 

MTP 80 84.44 97.77 100 100 

Lang V3 UTP 13 15 54 80 100 

RTP 24 34 85 92 100 

STP 68 75 84 100 100 

DTP 78 84 94 100 100 

MTP 76.19 90.47 92.06 100 100 

 

According to Fig. 3 average APFD values of UTP, RTP, STP, DTP and MTP are 

50.16%, 50.02%, 66.64%, 77.05% and 83.53% respectively. This result shows that 

proposed strategy performs better than existing four methods for all (Closure, Chart, 

JTime and Lang) datasets. It also indicates that MTP detects faults faster than other 

techniques as its APFD value is higher than others. The comparative results of 

proposed MTP with four prominent mentioned methods are listed below: 
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UTP vs MTP: In the experiment, for every project of two versions, MTP 

performs better than UTP which is shown in Table IV. For example, Closure V3 

dataset MTP APFD values for different input sizes are 56%, 90%, 100%, 100%, and 

100% where UTP APFD values are 34.61%, 40.38%, 46.15%, 100%, 100% 

respectively. Fig. 3 depicts the area under the curve represents the APFD, and it 

shows that proposed MTP method APFD is 83.53%, which is higher than UTP 

APFD 50.16%. 

 

Fig 3   APFD of All Methods 

RTP vs MTP: According to Table IV, RTP APFD is lower than proposed MTP 

method. In the experimental analysis for dataset Chart V3 the MTP APFD values 

for different input sizes are 83%, 83%, 83%, 100%, 100%, which are higher than 

RTP APFD values 20%, 36.65%, 62.50%, 100%, and 100% respectively. As stated 

in Fig. 3, APFD value of RTP is 50.02%, which is lower than MTP APFD 83.53%. 

STP vs MTP: The proposed MTP APFD is higher than STP as shown in Table 

IV. In the investigation for dataset JTime V2 the MTP APFD values for different 

input sizes are 90%, 100%, 100%, 100%, 100%, which are higher than STP APFD 

values 80%, 90%, 100%, 100%, and 100% respectively. As shown in Fig. 4, the 

STP APFD is 66.64, which is lower than MTP strategy APFD 83.53%. 

DTP vs MTP: In this paper the proposed method MTP detects faults earlier than 

DTP in 75% cases which is measure according to the APFD metric. According to 

the Table 4 for dataset Lang V2, the calculative APFD for proposed MTP method 

for various input size are 80%, 84.44%, 97.77%, 100%,100% where DTP APFD are 
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82%, 84%, 87%, 100% and 100% respectively. According to Fig. 4 the area under 

the curve represents the APFD, and it shows that MTP method APFD is 83.53%, 

which is higher than all other APFD value. 

Table V. APFD Comparison 

Project Version APFD% 

UTP RTP STP DTP MTP 

Closure V2 46.58 47.94 72.10 95.35 95.46 

V3 48.67 48.02 69.249 91.84 90.42 

Chart V2 49.82 52.39 42.87 63.64 62.51 

V3 29.12 50.70 51.25 56.63 70.64 

JTime V2 42.21 49.12 98.76 92.03 96.99 

V3 44.40 51.96 50.53 59.87 76.65 

Lang V2 74.75 49.69 70.21 77.15 88.44 

V3 65.71 50.35 78.17 79.91 87.12 

Average 50.16 50.02 66.64 77.05 83.53 

 

4.5. DISCUSSION 

Table V and Fig. 4 show the results of experimented Closure, Chart, JTime and 

Lang projects. The Table V shows that the performance rankings of five different 

test case prioritization techniques are UTP < RTP < STP < DTP < MTP in terms of 

APFD metric calculation. According to 5 UTP and RTP test case prioritization 

techniques APFD values are always lower than proposed MTP technique, where 

87.50% cases MTP has higher APFD value than STP and 75% cases MTP has 

higher APFD value than DTP method. The box-plot of Fig. 4 represents the average 

APFD value of each test case prioritization scheme of four projects where MTP has 

higher value 83.53% compare to UTP, RTP, STP and DTP 50.16%, 50.02%, 

66.64%, and 77.05% value respectively. 

 

 

Fig. 4   APFD Comparisons 

In addition to result comparison in Table V, Fig. 5 represents the total percent of 

test cases necessary to detect all faults for each test case prioritization method. The 

lower value indicates faster fault detection rate that means few numbers of test 

cases can decrease testing cost by detecting all faults faster. According to Fig. 5 

UTP, RTP, STP, DTP and MTP execute 87.5%, 95%, 75%, 60% and 52.5% test 

cases respectively to detect all faults. From this comparison, it is shown that 

proposed technique executes only 52.5% test cases to detect all faults. It can 
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therefore be concluded that the multipartite prioritization framework can reduce the 

test execution time and maximize the fault detection. 

 

 

Fig 5   Percent of Test Case to Detect All Faults 

4.6. THREATS TO VALIDITY 

Internal Validity: The weighted score accuracy of this framework depends on 

the correctness of failure history profile and DoC value. Incorrect failure history 

profiling or higher numbers of DoC value may miss lead the prioritization 

objectives. Hence, the greatest concern for internal validity involves the accuracy of 

listing test cases with their corresponding faults detected in previous execution. To 

control this threat, APFD and weighted score are calculated with four projects 

average value and normalized DoC respectively. In addition, proposed methodology 

may little bit time consuming for constructing underlying test case execution call 

graph and combining previous failure history. 

 

External Validity: The proposed approach performs the worst in two cases, (i) 

when test cases have no inter function connectivity and (ii) all test cases are inter 

connected. In first case, when all test cases are dissimilar will form a single partite. 

On other hand, when all test cases are similar, number of partite will be equal to 

number of test cases. 

 

4.7. SUMMARY 

Four different java projects from defects4j have been used as dataset for 

experimental analysis. Old and current version test suites of each project have been 

used to identify test cases similar to failed in previous execution. The investigation 

suggests that it is better to use multipartite based prioritization when volume of test 

suite is larger. 

 

5. CONCLUSION 

Test case prioritization technique reduces software testing time and cost by 

maximizing fault detection and minimizing the percentage of execution. In the 

proposed method, call dependency graph has been formed using test case 

connectivity, and the partites are created from that graph, so test cases in each 

partite are distinct. To measure intra partite test cases weighted score, failure 

history and degree of connectivity have been used. Finally, cumulative partite 

weights are calculated to order final execution sequence. Defects4j dataset and 
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APFD values have been used for experimentation and result measurement 

respectively. The average APFD value of each prioritization method shows that 

proposed scheme has higher value (83.53%) compare to untreated, random, simi lar, 

and dissimilar clustering schemes, which get 50.16%, 50.02%, 66.64%, and 77.05% 

value respectively. The proposed multipartite method performs 14.28% and 42.85% 

better than dissimilarity and similarity based approaches respectively for early fault 

detection. Efficiency of failure history based test case prioritization can be 

improved categorizing the previously detected faults using their severity, which is 

one of the potential future works to find out highly impactful faults earlier.  
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