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ABSTRACT:   

 
Testing a software product lines is difficult due to the huge number of possible products. 
Combinatorial testing presents one possibility to test a subset of all possible products for software 
quality management. Recently, many research works have been developed for testing a software 
product lines by using combinatorial testing.  However, optimizing the product lines to be tested 
and reducing the time complexity involved during combinatorial testing was remained 
unaddressed. In order to overcome such limitations, Time-aware Constraint Optimization based 
Pair-wise Test Suite Similarity (TCO-PTSS) framework is proposed. Initially, TCO-PTSS 
framework develops Time-aware Constraint Optimization (TCO) algorithm that generates set of 
test suite of optimized size in specified time interval based on constraints such as pairwise 
coverage, number of products and testing cost. Timeout value is set in TCO algorithm for 
terminating the test suite generation process. The TCO algorithm optimizes the product lines to be 
tested by extracting optimal set of test suites.  After that, TCO-PTSS framework used Pair-wise 
Test Suite Similarity (PTSS) for optimizing the generated test suites and reducing the execution of 
interaction sets in pair-wise testing. With the optimal test suite generated using TCO algorithm, 
Jaccard’s similarity is measured between two test suites based on interactions covered in given 
software program in order to optimize the number of interaction to be executed in pair wise 
testing. With aid of measured similarity value, then TCO-PTSS framework selects optimized test 
suites for combinatorial testing. As a result, TCO-PTSS framework efficiently improves the 
software quality. The performance of TCO-PTSS framework is measured in terms of metrics such 
as test suite generation time, testing cost, coverage rate and scalability. The experimental result 
demonstrates that the TCO-PTSS framework is able to increases the coverage rate of 
combinatorial testing for predicting the more faults in software program and also minimizes the 
testing cost for enhancing the software system quality when compared to state-of-the-art-works. 

 

Keywords: Combinatorial testing, coverage, Interaction, Jaccard’s similarity, product lines, 
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[1]     INTRODUCTION 

 Combinatorial testing minimizes the test cost and improves software quality. 

Combinatorial testing also detects the interactions between parameters that could trigger system 

faults rather than localize it. The main focus of combinatorial testing remains in the fault 

identification due to interaction of small amount of input parameters. With the large number of 

probable combinations to be tested, testing systems with many variables is expensive and 

involves time consuming process. Therefore, there is a requirement for Time-aware Constraint 

Optimization technique for effectual software quality management. 

Recently, many research works have been designed for increasing software system quality 

using combinatorial testing. Cuckoo Search Algorithm was presented in [1] for obtaining 

minimized combinatorial test suite and efficiently identifying the faults in software-under-test. 

However, time aware constraint optimization of test suite generation was remained unaddressed. 

A test-suite reduction model based on the subtraction operation (TSRSO) was intended in [2] 

with objective of choosing a minimum test-suite for testing of wearable embedded software. But, 

TSRSO does not provide higher coverage rate for identifying more faults in software 

programs.Time Aware Test Case Prioritization based on Fault Coverage approach was designed 

in [3] with application of Binary Integer Programming to enhance fault coverage and lessen the 

total execution time for regression testing. This approach gets the optimal solution in optimum 

time. However, test case selection time, cost aware prioritization was remained unsolved. 

pairwise test set generator using genetic algorithm (PTSG-GA) was presented in [4] for creating 

the test set for pair-wise testing. But, the execution time was more. 

A classification based test suite prioritization technique was intended in [5] for optimizing 

test case execution schedule to improve the early fault detection rate of the original test suite. A 

Test Case Prioritization algorithm was developed in [6] to prioritize test cases depends on rate of 

severity detection related with dependent faults. This algorithm enhances the fault detection 

process for regression testing. However, time aware test case prioritization was remained 

unaddressed. A similarity-based prioritization approach was presented in [7] for efficient 

product-line testing and improving the detection of faults. But, time complexity of testing was 

very high. Test case minimization approach was designed in [8] to minimize the number of test 

cases in configuration-aware structural testing and to discover the configuration-aware faults in 

software. However, fault discovery performance was not effectual. 

A comparison of two approaches was presented in [9] for Pairwise testing of software 

product lines and reducing the number of test cases in a product line context. But, the number of 

generated test configurations was high. A Combination Test Suite Generation Method was 

intended in [10] with application of Adaptive Simulated Annealing Genetic Algorithm for 

software product line testing and solving the combinatorial optimization problem. This method 

obtain smaller-size test suite with higher coverage. However, the scalability was remained 

unsolved.In order to solve the above mentioned exiting issues, Time-aware Constraint 

Optimization Pair-wise Test Suite Similarity (TCO-PTSS) framework is designed. The major 

contribution of TCO-PTSS framework is formulated as follows, 

 To optimize the product lines to be tested and reduce the time complexity involved 

during combinatorial testing, Time-aware Constraint Optimization Pair-wise Test Suite 

Similarity (TCO-PTSS) framework is introduced. 
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 To generate the optimal test suites based on pair wise coverage, number of 

products, testing cost, Time-aware Constraint Optimization (TCO) algorithm is designed in 

TCO-PTSS framework with help of Branch and Bound Procedure. In TCO, timeout value is 

predefined for automatically stopping the test suite generation process. 

 To optimize the generated test suites based on the interactions covered and thereby 

minimizing the number of execution of interactions in pair-wise testing, Pair-wise Test Suite 

Similarity is used in TCO-PTSS framework. The Pair-wise Test Suite Similarity is determined 

between the generated test suites with aid of Jaccard similarity for achieving test suite reduction. 

The rest of this paper is organized as follows. Section 2 explains Time-aware Constraint 

Optimization Pair-wise Test Suite Similarity (TCO-PTSS) framework with the assist of 

architecture diagram. Section 3 and Section 4 explains the experimental settings and details 

performance analysis with the aid of parameters. Section 5 describes the related works.  Finally, 

Section 6 concludes this paper. 

 

[2] TIME-AWARE CONSTRAINT OPTIMIZATION  PAIR-WISE TEST 

SUITE SIMILARITY FRAMEWORK 

A software product line includes a family of software products which share a common set of 

features. The number of products may increase exponentially in the number of features. 

Therefore, testing each product of a product line is often very difficult. To overcome this problem, 

combinatorial testing is used.  Combinatorial testing minimizes the complexity of product line 

testing by means of choosing a minimal subset of products. Many research works have been 

designed for combinatorial testing to optimize the product lines to be tested. However, time aware 

constraint optimization was remained unsolved. In order to overcome such limitations in 

combinatorial testing, Time-aware Constraint Optimization Pair-wise Test Suite Similarity (TCO-

PTSS) framework is developed. The main objective of TCO-PTSS framework is to optimize the 

product lines to be tested and to lessen time complexity involved during reduction of count of 

interactions to be tested without significant loss of fault detection capability.The overall 

architecture diagram of TCO-PTSS framework for improving the software system quality is 

shown in (Fig. 1). 
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As shown in (Fig. 1), TCO-PTSS Framework initially takes Schoolmate data set as input 

for finding the faults and thereby enhancing the software quality. Then, TCO-PTSS Framework 

designs Time-aware Constraint Optimization (TCO) algorithm in order to generate the optimal 

test suites based on constraints such as pair wise coverage, number of products and test costing for 

combinatorial testing. After that, TCO-PTSS Framework computes Pair-wise Test Suite Similarity 

with help of Jaccard similarity for efficient test suite reduction and thereby optimizing the number 

of interaction to be executed. Thus, TCO-PTSS Framework improved software system quality and 

reduced testing cost. The detailed explanation about TCO-PTSS Framework is described in 

forthcoming sections. 

[2.1] TIME-AWARE CONSTRAINT OPTIMIZATION BASED TEST SUITE 

GENERATION 

A design of appropriate test suites for software testing is a complex task because it requires 

adequate amount of test cases to meet the  test  goals  of  a  given coverage  condition  and  a  

redundancy-reduced  selection  of  test  cases.  Besides, the test suite generation for covering 

whole software product lines is very challenging as the dependency between test cases, test 

objectives and product configurations has to be taken into account. Due to the increasing number 

of configurations with respect to the number of features, an explicit enumeration of all products 

for optimizing a product-line test suite is complex.  In order to solve this, Time-aware Constraint 

Optimization (TCO) algorithm is developed in TCO-PTSS framework. TCO algorithm generates 

set of test suite of optimized size in specified time interval for improving the software system 

quality. The generated test suites are better in terms of pair wise coverage, size and cost. The 

process of Time-aware Constraint Optimization (TCO) algorithm is shown in below. 

 

As shown in (Fig. 2), TCO algorithm generates an optimal set of test suites in a given amount of 

time that ensures coverage of all pairs of feature values (i.e. pair wise coverage). In TCO 

algorithm, a product corresponds to a test case of a software product lines and a test suite to a set 

of  products. To simplify, TCO algorithm will refer to products as tests.  Pair wise is a testing 

technique that focuses on the interactions between any two features of a software product lines. 

Such an interaction is called a pair of features. Pair wise coverage denotes the ability of a test suite 

to cover all the pairs of features that exist in a software product lines. In TCO algorithm, pair wise 

coverage is measured as the number of pairs covered by the products of the test suite.Pair wise 
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testing with feature models employs a mathematical structure called a binary covering array i.e 

-matrix  where  represents the number of test configuration and  indicates a 

number of features of feature model. The matrix  is mathematically represented as follows, 

 

       (1) 

With no constrictions among features, the small number of rows in covering array to cover 

all combinations of features in a software product lines is mathematically expressed as, 

                                                (2)           

From equation (2),  is the number of features. TCO algorithm aiming at finding the 

optimal set of test suites in a given amount of time which satisfies maximum pair wise feature 

coverage in order to improve the software quality. This aim of TCO algorithm is achieved by 

using the branch and bound procedure. The objective of a branch-and-bound algorithm is to 

discover a value  which has higher value of objective function  among set S of admissible 

or candidate solutions. Here, set S is called the search space. In branch-and-bound algorithm, the 

objective function  is measured based on pair wise coverage, number of products selected, 

and testing cost. Therefore, F is a vector which includes of three objective functions called ,
 

and .The first objective function  in branch-and-bound algorithm is maximization of the 

pair wise coverage. This objective aims at ensuring that the selected products have the highest 

possible level of pair wise coverage which is mathematically expressed as,      

                                            (3) 

From equation (3),  is a function which determines the number of pair of features 

covered by . The second objective function 
 

in branch-and-bound 

algorithm is minimization of the number of products. Here, the objective is to test the minimum 

number of products which is mathematically formulated as, 

                                           (4) 

From equation (4), 
 

is a function which returns the number of products  

of . The third objective function 
 

in branch-and-bound algorithm is 

minimization of the testing cost. This objective function aims at minimizing the cost of testing 

the products which is mathematically described as, 

                               (5) 

From equation (5),  is a function that returns the testing cost of 

products . Thus, the objective function  in branch and bound procedure 

is determined using below mathematically formula, 

        (6) 

From equation (6), the objective function is determined in order to find the optimal test 

cases better in terms of higher pair wise coverage, minimum number of product lines to be tested 

and minimum testing cost for generating test suites Generally, at each search tree node, branch 

and bound method evaluates the objective function, and then selects the sub-tree that has the 

higher objective function. Here is a timeout value set for TCO algorithm after which the test suite 

generation process is automatically stopped. The timeout value provides a time-controlled way to 
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solve the test suite generation problem. The branch and bound method provides near-optimal 

solution very quickly.  The algorithmic process of Time-aware Constraint Optimization (TCO) 

for test suite generation using branch and bound method is shown in below, 

 

// Time-aware Constraint Optimization based Test Suite Generation Algorithm 

Input: Test cases set :  

Output: Test Suites:  

Step 1: Begin 

Step 2:  For each test case 

Step 3:    Determine Objective Function using (6)    

Step4:     While termination condition is met, do 

Step5:        Select test case with maximum objective function among a collection   

                    of test cases 

Step 6:      Generates optimal test suites for testing the software system quality 

Step 7:    End while 

Step 8:   End for 

Step 9: End    

       Algorithm 1 Time-aware Constraint optimization based Test Suite Generation  Algorithm 

As shown in algorithm 1, TCO algorithm initially takes set of test cases as input for 

generating the test suites. Then, TCO algorithm measures objective function for each test case 

taken as input. After that, TCO algorithm chooses the test case with maximum objective function 

among a collection of test cases with application of branch and bound procedure in order to 

generate the optimal test suites. Here a timeout value is assigned for TCO algorithm for 

terminating the test suite generation process. Thus, TCO algorithm generates optimal test suites 

and minimizes the number of product lines is to be tested within the given time bounds. As a 

result, TCO algorithm optimizes the product line to be tested in a given time by extracting 

optimal set of test suite and also reduces the test suite generation time.  

 

[2.2]      PAIR-WISE TEST SUITE SIMILARITY BASED TEST SUITEREDUCTION 

Pair-wise test suite similarity is measured to select the minimum number of test suites 

which covers the maximum number of interactions set in software program for finding the faults. 

This pair-wise test suite similarity reduces the number of redundant test cases and also reduces 

the execution of interaction sets in pair-wise testing by measuring Jaccard similarity.  The 

process of pair-wise test suite similarity for test suite reduction is shown in (Fig. 3). 
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As shown in (Fig. 3), Pair-wise Test Suite Similarity based Test Suite Reduction process 

initially takes generated optimal test suites as input and then determines the Jaccard similarity 

between test suites. Subsequently, Pair-wise Test Suite Similarity based Test Suite Reduction 

process eliminates test suites which have a higher Jaccard similarity.  

At last select test suites with low similarity for combi natorial testing. Thus, TCO-PTSS 

framework optimizes the number of test suite generated for software quality management. Let us 

consider a software program includes of many interactions set   in which all 

interactions are covered by a generated test suites for evaluating the software program 

performance. Suppose that the set of interaction are covered by test suites and  are and 

respectively. After that, the similarity between test suites  is determined with help of 

Jaccard similarity using below mathematical formula, 

               (7)   

      From equation (7),  denotes the unmatched interaction set between  and  

whereas  represents the unmatched pairs between them.  By using 

the equation (7), computes the number of interaction covered by test suites and  directly.  

Here the unmatched pairs between interaction  and  
 
are weighted based on their contribution 

to the similarity in which  is equal to 1.  

With help of determined Jaccard similarity of test suites, TCO-PTSS framework generates 

optimized test suites which cover higher number of interactions in given software program. As a 

result, TCO-PTSS framework minimizes the number of interaction to be executed in an efficient 

manner. The algorithmic process of Pair-wise Test Suite Similarity for Test Suite Reduction is 

shown in below, 

 

// Pair-wise Test Suite Similarity Based Test Suite Reduction Algorithm 

Input: Generated Test Suites  

Output: Optimized Test suites (Select Test Suites which Covers more Number Of 

Interactions For Software Validation) 

Step 1: Begin 

Step 2:   For each test suites  

Step 3:      Determine Jaccard similarity suites using  (7) 

Step 4:      Select the test suites with low similarity for combinatorial testing 

Step 5:      Remove test suites with higher similarity  

Step 6:   End for  

Step 7: End       

Algorithm 2 Pair-wise Test Suite Similarity Based Test Suite Reduction       

As exposed in algorithm 2, Based on the Jaccard similarity between each pair of test suites, 

the test suites with higher similarity are removed and test suites with lower similarity is elected 

during the combinatorial testing in order to increase the software quality. Therefore, TCO-PTSS 

framework select test suites which cover more interactions in given software program for testing. 

This helps for TCO-PTSS framework to minimize the execution of interaction in pair wise 

testing and testing cost. As a result, TCO-PTSS framework efficiently increases the software 

system quality. 
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[3] EXPERIMENTAL SETTINGS 

In order to evaluate the performance, proposed Time-aware Constraint Optimization Pair-

wise Test Suite Similarity (TCO-PTSS) framework is implemented in Java Language with aid of 

schoolmate data set. The TCO-PTSS framework used schoolmate data set for discovering faults 

in software product lines and software quality management during combinatorial testing. The 

schoolmate data set includes of numerous PHP program. The performance of TCO-PTSS 

framework is evaluated in terms of test suite generation time, coverage rate, testing cost and 

scalability.  

[4] RESULT AND DISCUSSIONS 

In this section, the result analysis of TCO-PTSS framework is determined. The efficiency 

of TCO-PTSS framework is compared against with two methods namely Cuckoo Search 

Algorithm [1] and test-suite reduction model based on the subtraction operation (TSRSO) [2] 

respectively. The efficiency of TCO-PTSS framework is evaluated along with the following 

metrics with the help of tables and graphs. 

[4.1]    MEASUREMENT OF TEST SUITE GENERATION TIME  

In TCO-PTSS framework, test suite generation time computes amount of time taken for 

generating the optimal test suites during combinatorial testing. The Test Suite Generation Time 

(TSGT) is measured in terms of milliseconds (ms) and mathematically represented as below, 

               (8)           

From the equation (8), time of test suites generation is measured. While the test suite 

generation time is lower, the method is said to be more effective. 

                                         

(Table 1) depicts the tabulation of results obtained for optimal test suite generation time 

with respect to diverse number of test suites in the range of 10-100. TCO-PTSS consider the 

framework with different number of test suites for combinatorial testing of software program 

using Java Language. While generating the 50 test suites for software program validation, TCO-

PTSS framework takes 29.7 ms time whereas Cuckoo Search Algorithm [1] and TSRSO [2] 

takes 41.4 ms and 35.6 ms respectively. From that, it illustrative that the test suite generation 

time using proposed TCO-PTSS framework is lower when compared to other existing works. 
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  This in turn helps for reducing the time for test suite generation in an effective manner. 

Therefore, TCO-PTSS framework reduces test suite generation time by 28 % when compared to 

Cuckoo Search Algorithm [1] and 20 % when compared to TSRSO [2] respectively. 

[4.2]      MEASUREMENT OF COVERAGE RATE 

In TCO-PTSS framework, coverage determines the rate at which a maximum number of 

faults covered by an optimized test suites from the total number of optimal test suites generated. 

The coverage rate (CR) is measured in terms of percentages (%) and mathematically expressed as 

follows, 

    (9) 

From the equation (9), coverage rate of optimized test suites is determined for testing the 

software product lines. While the coverage rate is higher, the method is said to be more effectual. 

                                      
      (Table 2) portrays the tabulation results obtained for the coverage rate of optimized 

test suites for identifying more faults in software program with respect to varied number of test 

suites in the range of 10-100. While considering the 20 test suites for improving the software 

quality, TCO-PTSS framework achieves 81.96 % coverage rate whereas Cuckoo Search 

Algorithm [1] and TSRSO [2] takes 62.15 % and 70.15 % respectively. From that, it descriptive 

that the coverage rate using proposed TCO-PTSS framework is higher when compared to other 

existing works.  



 

 

TIME-AWARE CONSTRAINT OPTIMIZATION BASED PAIR-WISE TEST SUITE SIMILARITY 

FOR IMPROVING SOFTWARE SYSTEM QUALITY 

 

 

 M.Bharathi  and V. Sangeetha  10 
 

                                    

(Fig. 5) reveals the impact of coverage rate of faults versus diverse number of test suites 

using three methods. As shown in figure, the proposed TCO-PTSS framework is affords better 

coverage rate for finding the higher number of faults in software program as compared to 

existing two works namely Cuckoo Search Algorithm [1] and TSRSO [2] . In addition, while 

increasing the number of test suite, the coverage rate is also gets increased using all three 

methods. But comparatively, the coverage rate using proposed TCO-PTSS framework is higher. 

This is owing to application of Pair-wise Test Suite Similarity (PTSS) for achieving test suite 

minimization in which Jaccard similarity value is computed between each pair of test suites and 

then the test suites with higher similarity are eliminated and test suites with lower similarity is 

chosen for testing software program to improve the software quality. Thus, optimized select test 

suites which covers more number of faults in a given software program.  This in turn assists for 

improving the coverage rate in an effectual manner. Hence, TCO-PTSS framework increases 

coverage rate by 25 % when compared to Cuckoo Search Algorithm [1] and 13 % when 

compared to TSRSO [2] respectively 

   [4.3]      MEASUREMENT OF TESTING COST 

In TCO-PTSS framework, testing cost estimates the amount of time taken by optimized 

test suites for discovering the maximum number of faults in software program. The test cost is 

measured in terms of milliseconds (ms) and mathematically formulated as, 

              (10)       

From the equation (10), testing cost for finding the higher number of faults in given 

software program is evaluated where   represents the total number of test suites and  is time 

taken for discovering faults by one test suite.  While the testing cost is lower, the method is said 

to be more effective. 
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(Table 3) describes the results obtained for testing cost to enhance software system quality 

based on different number of test suites in the range of 10-100. While considering the 60 test 

suites for testing the software program lines, TCO-PTSS framework attains 33.7 ms testing cost 

whereas Cuckoo Search Algorithm [1] and TSRSO [2] attains 49.3 ms and 41.2 ms respectively. 

From that, it expressive that the testing cost using proposed TCO-PTSS framework is lower 

when compared to other existing works. 

(Fig. 6) explains the impact of testing cost for software quality maintenance versus diverse 

number of test suites using three methods. As exposed in figure, the proposed TCO-PTSS 

framework provides better testing cost for enhancing software quality as compared to existing 

two works namely Cuckoo Search Algorithm [1] and TSRSO [2]. Also, while increasing the 

number of test suite, the testing cost of software quality maintenance is also gets increased using 

all three methods. But comparatively, the testing cost using proposed TCO-PTSS framework is 

lower. This is owing to usage of TCO algorithm with branch and bound procedure is in TCO-

PTSS framework where objective function is determined for test cases based on constraints such 

as pair wise coverage, number of products, testing cost. 

 

                            
After that, TCO algorithm picks the test case with maximum objective function among a 

set of test cases for generating the test suites. Thus, TCO-PTSS framework effectively reduces 
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the testing cost of software program. As a result, TCO-PTSS framework lessens testing cost by 

34 % when compared to Cuckoo Search Algorithm [1] and 18 % when compared to TSRSO [2] 

respectively. 

[4.4]     MEASUREMENT OF SCALABILITY  

Scalability measures the efficiency of proposed TCO-PTSS framework to test any size or 

number of software program lines for significantly improving the software quality. The 

scalability is measured in terms of percentages (%). While the scalability rate is higher, the 

method is said to be more effectual. 

                                 
 (Table 4) presents the scalability results obtained for software system quality 

management with respect to different number of software program lines. From the table value, it 

clear that the scalability rate of testing the program lines for increasing software quality using 

proposed TCO-PTSS framework is higher when compared to other existing works. (Fig. 7) 

describes the impact of scalability rate of testing the program lines for software quality 

management versus varied number of software program lines using three methods. 

                                         
  As revealed in figure, the proposed TCO-PTSS framework provides better scalability rate 

for software quality management as compared to existing two works namely Cuckoo Search 

Algorithm [1] and TSRSO [2]. Further, while increasing the number of software program line, 

scalability rate of testing is also gets increased using all three methods. But comparatively, the 

scalability using proposed TCO-PTSS framework is higher. This is because of application of 

Time-aware Constraint Optimization (TCO) algorithm and Pair-wise Test Suite Similarity 

(PTSS) in TCO-PTSS framework for optimizing the generated test suites to test the any size of 

software program.  This helps for improving the scalability rate of testing in an efficient manner. 

Thus, TCO-PTSS framework increases scalability by 29 % when compared to Cuckoo Search 

Algorithm [1] and 14 % when compared to TSRSO [2] respectively. 
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[5]  RELATED WORKS 

A new approach was designed in [11] to produce constrained combinatorial interaction test 

suites and handling constraints in combinatorial interaction testing. But, the time of generation 

for the test suite was higher. Univariate Marginal Distribution Algorithm (UMDA) was intended 

in [12] for generating minimal test configuration for pair wise testing of software product lines. 

However, the effectiveness of test configuration generation was not sufficient.Test Minimization 

using Search Algorithms (TEMSA) was designed in [13] that discovers and removes redundant 

test cases from test suites in order to diminish the total number of test cases to execute and 

thereby enhancing the efficiency of testing. However, time complexity involved during test case 

minimization was remained unaddressed. A Cuckoo Search Based Pair wise Strategy was 

presented in [14] for solving combinatorial testing problem. But, the generated test suite does not 

cover more faults. Modified IPOG (MIPOG) was developed in [15] to optimize the number of 

generated test sizes for combinatorial testing. However, execution time was high. A complete 

Fault Interaction Location (comFIL) was presented in [16] to find interactions which cause 

system’s failures and to gets the minimal set of target interactions in test suite generated by 

combinatorial testing.  But, optimizing the order of interactions being tested was remained 

unsolved.Improved Cuckoo search based software quality estimation was designed in [17] in 

which test cases are optimized with application of Particle Swarm Optimization algorithm (PSO) 

for improving software quality. However, testing cost of software quality management was high. 

A Combined Architecture was developed in [18] for test case generation and test suit reduction. 

Coverage rate was not at required level.  

A Systematic Mapping Study (SMS) was presented in [19] for combinatorial interaction 

testing of software product lines. However, time complexity was more. A variable strength 

combinatorial strategy was designed in [20] for testing concurrent program and reducing the 

execution time. But, the efficiency of variable strength reachability testing was not sufficient. 

[6] CONCLUSION 

An effective Time-aware Constraint Optimization based Pair-wise Test Suite Similarity 

(TCO-PTSS) framework is designed with objective of optimizing the product lines to be tested 

and minimizing the time complexity involved during combinatorial testing. At first, TCO-PTSS 

framework employed Time-aware Constraint Optimization (TCO) algorithm in order to generate 

set of test suite of optimized size in specific time interval. TCO algorithm used branch and bound 

procedure for optimal test suite generation where timeout exit value is set for terminating the 

generation process. The TCO algorithm in TCO-PTSS framework optimizes the product lines to 

be tested by means of extracting optimal set of test suite.  Afterward, TCO-PTSS framework 

exploited Pair-wise Test Suite Similarity in order to optimize the generated test suites and reduce 

the execution of interaction sets in pair-wise testing. In Pair-wise Test Suite Similarity, Jaccard’s 

similarity is determined for achieving test suite optimization with higher coverage rate. This 

results in reduced execution of interactions in pair wise testing. The effectiveness of TCO-PTSS 

framework is test with the metrics such as test suite generation time, coverage rate and testing 

cost and scalability. With the experiments conducted for TCO-PTSS framework, it is observed 

that the coverage rate for improving software system quality provided more accurate results as 

compared to state-of-the-art works. The experimental results demonstrate that TCO-PTSS 

framework is affords better performance with an improvement of coverage rate and also reduces 

the testing cost when compared to the state-of-the-art works. 
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