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Abstrak 

Penjanaan data ujian adalah penting dalam pengujian perisian dinamik. Salah satu 
teknik pengujian kotak putih ialah pengujian liputan laluan. Algoritma Genetik (GA) 
telah terbukti sebagai kaedah penting dalam menjana data ujian untuk pengujian liputan 
laluan automatik. Walau bagaimanapun, untuk memenuhi ujian liputan laluan, operasi 
mutasi tunggal GA menjana data ujian yang meliputi laluan yang sama dalam satu 
generasi, justeru mengakibatkan pertindihan liputan laluan, yang secara negatif 
meningkatkan bilangan lelaran. Oleh itu, kajian ini mencadangkan teknik mutasi 
berulang GA untuk menghapuskan pertindihan liputan laluan dan mengurangkan 
bilangan lelaran bagi penjanaan data ujian dalam pengujian liputan laluan. Kajian ini 
dilaksanakan dalam tiga fasa. Pertama, limitasi teknik mutasi sedia ada yang digunakan 
dalam GA untuk menjana data ujian untuk pengujian liputan laluan dianalisa. 
Kemudian, teknik mutasi berulang untuk GA direka bentuk dan dilaksanakan dalam 
simulasi berangka menggunakan bahasa C++. Akhir sekali, fasa penilaian yang 
membandingkan hasil teknik yang dicadangkan dengan kajian sedia ada dari segi 
bilangan lelaran untuk penjanaan data ujian. Hasil kajian menunjukkan bahawa 
pendekatan mutasi berulang yang dicadangkan mengatasi teknik mutasi tunggal dengan 
pengurangan bilangan lelaran melebihi 50 peratus untuk penjanaan data ujian. Kajian 
ini menunjukkan kepentingan mutasi dalam penjanaan data ujian dan bagaimana ia 
dapat dimanfaatkan untuk membolehkan GA mendapatkan penyelesaian dengan lebih 
cepat. Selain itu, cadangan mutasi berulang GA boleh menyumbang kepada 
pembangunan alatan ujian GA adaptif. 

Kata kunci: Pengujian liputan laluan, Algoritma genetik, Mutasi berulang, Ujian 
penjanaan data. 
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Abstract 

Generating test data is the most important part of dynamic software testing. One of the 
white box testing techniques is path coverage testing. Genetic Algorithm (GA) has 
proven to be an important method in generating test data for automatic path coverage 
testing. However, to satisfy path coverage testing, GA’s operation of a single mutation 
generates test data that covers the same path in a single generation, hence resulting in 
path coverage duplication, which negatively increases the number of iterations. 
Therefore, this study proposes a repetitive mutation for GA in order to eliminate path 
coverage duplication and reduce the number of iterations for test data generations in 
path coverage testing. The study was conducted in three phases. First, the limitations of 
existing mutation techniques used in GA to generate test data for path coverage testing 
were analysed. Then, a repetitive mutation technique for GA was designed and 
implemented in a numerical simulation using C++ language. Finally, the evaluation 
phase that compares the outcome of the proposed technique against existing studies in 
terms of the number of iterations for test data generations. The findings show that the 
proposed repetitive mutation technique outperformed the single mutation technique by 
reducing the number of iterations to more than 50 percent for test data generations. The 
study has revealed the importance of mutation in generating test data and how it can be 
harnessed to quickly guide GA in producing solutions. In addition, the proposed 
repetitive mutation in GA can contribute to developing an adaptive GA testing tool. 
 
Keywords: Path coverage testing, Genetic algorithm, Repetitive mutations, Test data 
generations. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Overview 

The background of the study is introduced in this chapter, followed by a discussion of 

the research problem. Then, the research questions are presented and used to formulate 

the research objectives. Finally, the chapter highlights the significance of the study, 

describes the scope, illustrates the operational definitions, and describes the 

organisation of the thesis. 

1.2 Background of the Study 

Automatic systems are ubiquitous, in which they can be controlled and managed using 

their software. For example, experts have developed software for mobile phones, cars, 

houses, hospitals, etc.; however, maintaining its quality is not an easy task (Khan & 

Amjad, 2016b). The most significant phase in any Software Development Life Cycle 

(SDLC) is software testing. Qualified and reliable software must undergo good testing 

(Mustafa et al., 2021). Occasionally, poorly tested software may function well for 

months and years, even if it has bugs, but input sets may discover serious errors at any 

moment. Software released in the market without good testing causes customer 

dissatisfaction and a bad company reputation, leading to a series of financial losses or 

even endangering the lives of human beings (Majma & Babamir, 2014). Hence, the 

main goal of software testing is to provide confidence in the correctness of the system.  
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Appendix A 

The Simulation Program’s Code 

#include <iostream> 

#include<bits/stdc++.h> 

#include <string> 

#include <stdlib.h> 

#include <cstring> 

#include <cstdlib> 

using namespace std; 

int v_start=1;  // the initial test data is generated randomly between 

v_start and v_end (usually between 1 and 10) 

int v_end=10; 

const int size=5; 

int parameter_1[size];    //These arrays hold the parameters (test 

data) 

int parameter_2[size]; 

int parameter_3[size]; 

int parameter_1_before[size]; //These arrays hold the test data before 

crossover and repetitive mutation, in case the test data is not achieve 

more than 20% path coverage rate it is not selected and the test data 

before is selected. 

int parameter_2_before[size]; 

int parameter_3_before[size]; 

int covered_path[5];  // this is the proposed array that holds the 

paths that have not covered previously in the same generation (non-

duplicated) 

void initial_test_data_generation(int v_start, int v_end, int 

experiment_no, int no_of_target_paths) // this function generates the 

initial test data randomly between 1 and 10 

{ 

    for(int i=1;i<=no_of_target_paths;i++)                      // 5 

loops since we have 5 test data in the sequential SUT experiment 

    {        static bool v_start = false; 

             if (!v_start) { 

                   srand(time(NULL));  // this function resets the 

random value. without this code, after re execute the simulation 

program it will take the same random value 

                   v_start = true; 

                 } 

             int range = (v_end-v_start)+1; 

             int random_int = v_start+(rand()%range);  // this line 

generates random number between v_start and v_end (1 and 10) 

             parameter_1[i]=random_int; 

             random_int = v_start+(rand()%range);   //this line 

generates random number between v_start and v_end (1 and 10) 

             parameter_2[i]=random_int; 

             if (experiment_no=1) // consider the three parameters 

                     { 

                       random_int = v_start+(rand()%range); 

                       parameter_3[i]=random_int; 

                      } 

    } 
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} 

int Check_Coverage(int Number_1, int Number_2, int Number_3, int 

experiment_no)  // this function is to check the coverage of test data 

on the specified SUT. The SUT is inside this function 

{ 

  int greatest_number; 

  int z; 

  int LowerLimit, UpperLimit, i, Valid, j; 

   int node1=0; 

   int node2=0; 

   int node3=0; 

   int node4=0; 

   int node5=0; 

 

   switch (experiment_no) 

    { 

   case 1: 

 

    //#include <iostream.h>            // Sequential SUT starts from 

here 

    //#include<stdio.h> 

    //cout<<" Enter the values of a, b and c"; 

    //cin>>a>>b>>c; 

       if(Number_1>Number_2) 

            {if(Number_2>Number_3) 

                { 

                   greatest_number=Number_1; 

               //  cout<<"The greatest number is 

"<<greatest_number<<endl; 

                   node1=1; 

                } 

              else if(Number_1>Number_3) 

                  { 

                    greatest_number=Number_1; 

                //  cout<<"The greatest number is " 

<<greatest_number<<endl; 

                    node2=1; 

                   } 

                else 

                 { 

                     greatest_number=Number_3; 

                //   cout<<" The greatest number is 

"<<greatest_number<<endl; 

                     node3=1; 

 

                  } 

            }// first if 

           else if(Number_2>Number_3) 

                { 

                   greatest_number=Number_2; 

               //   cout<<" The greatest number is 

"<<greatest_number<<endl; 

                    node4=1; 

 

                   } 

              else 
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                   { 

                    greatest_number=Number_3; 

               //   cout<<" The greatest number is 

"<<greatest_number<<endl; 

                    node5=1; 

 

                    }               // Sequential SUT ends here 

 

              if (node1==1 and node2==0 and node3==0 and node4==0 and 

node5==0) 

                      return 1; 

              else if(node1==0 and node2==1 and node3==0 and node4==0 

and node5==0) 

                       return 2; 

              else if(node1==0 and node2==0 and node3==1 and node4==0 

and node5==0) 

                       return 3; 

              else if(node1==0 and node2==0 and node3==0 and node4==1 

and node5==0) 

                       return 4; 

              else if(node1==0 and node2==0 and node3==0 and node4==0 

and node5==1) 

                       return 5; 

              else return 0; 

    break; 

  case 2: 

 

        //#include <iostream.h> // Single loop SUT starts from here 

        //#include<stdio.h> 

        //cout <<" Enter the two numbers "; 

        //  cin>>Number_1>>Number_2; 

        if( Number_2 > Number_1 ) 

          { 

            z = Number_1; 

            Number_1 = Number_2; 

            Number_2 =z; 

            node1=1; 

          } 

          z = Number_1 % Number_2; 

         while ( z != 0 ) 

           { 

             Number_1 = Number_2; 

             Number_2 = z; 

             z = Number_1 % Number_2; 

             node2=1; 

            } 

           //cout<<"GCD is :: "<<Number_2;   // Single loop SUT ends 

here 

            if (node1==1 and node2==1) 

                      return 1; 

            else if(node1==1 and node2==0) 

                       return 2; 

            else if(node1==0 and node2==1) 

                       return 3; 

            else if(node1==0 and node2==0) 

                       return 4; 
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            else return 0; 

    break; 

  case 3: 

 

       //#include <iostream.h> // Nested loops SUT starts from here 

       //#include<stdio.h> 

       //cout<<" Enter the values of Number_1 and Number_2"; 

       //cin>>Number_1>>Number_2; 

       if (Number_2<Number_1) 

         { 

          int l; 

          l=Number_1; 

          Number_1=Number_2; 

          Number_2=l; 

        } 

        LowerLimit=Number_1; 

        UpperLimit=Number_2; 

       //cout("\n Enter a range to find Prime Numbers: "); // SUT 

starts from here 

       //cin>>LowerLimit>>UpperLimit; 

       //cout<<"Prime numbers in the range %d and %d are: 

"<<LowerLimit<<UpperLimit; 

       for(i=LowerLimit+1; i<UpperLimit; i++) 

         { 

             node1=1; 

             Valid =0; 

             for(j=2; j<=i/2; j++) 

               { 

                 node2=1; 

                 if(i%j==0) 

                  { 

                   Valid=1; 

                   node3=1; 

                   break; 

                  } 

                }//for 

          if(Valid==0) 

            { 

             //Cout<<i; 

              node4=1; 

            } 

 

   }//for 

   //return 0;  // Nested loops SUT ends here 

 

            if (node1==1 and node2==0 and node3==0 and node4==1) 

                      return 1; 

              else if(node1==1 and node2==1 and node3==0 and node4==1) 

                       return 2; 

              else if(node1==1 and node2==1 and node3==1 and node4==0) 

                       return 3; 

              else if(node1==1 and node2==1 and node3==1 and node4==1) 

                       return 4; 

              else if(node1==0 and node2==0 and node3==0 and node4==0) 

                       return 5; 

              //else return 0; 
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    break; 

   } 

 

} 

string toBinary(int decimal)       // this function converts the decimal 

test data to binary in order to perform the mutation and crossover on 

the genes 

{ 

    string str; 

    string binary; 

    while (decimal != 0){ 

        binary += ( decimal % 2 == 0 ? "0" : "1" ); 

        decimal /= 2; 

    } 

    reverse(binary.begin(), binary.end()); 

    int length = binary.length(); 

    if (8-length>0) 

    { 

        str=str.append(8-length,'0'); 

        binary=str.append(binary); 

    } 

    return binary; 

} 

int toDecimal(long binary)      // this function convert the binary 

test data to real in order to return it to its original form 

  { 

 

     int decimalNum, i, div_remain; 

     decimalNum = 0; 

     i = 0; 

     //converting binary to decimal 

     while (binary != 0) 

       { 

          div_remain = binary % 10; 

          binary /= 10; 

          decimalNum += div_remain * pow(2, i); 

          ++i; 

   } 

   return decimalNum; 

} 

void selection(float pathcount, int no_of_target_paths, int v_start, 

int v_end, int experiment_no, float path_cov, int iteration_number) 

 { 

    int path1=0;   //these ,, path1 to path 5 variables are used to 

check the coverage later 

    int path2=0; 

    int path3=0; 

    int path4=0; 

    int path5=0; 

    int coveredpath=0; 

    float path_cov_previous; 

   if (iteration_number==1) 

   { 

     while ((pathcount/no_of_target_paths)<=0.2) 

      { 



 

160 

 

          initial_test_data_generation(v_start,v_end, experiment_no, 

no_of_target_paths); 

          cout<<endl; 

          cout<<"  The Initial Selected Test Data are:: "<<endl;; 

          cout<<endl; 

 

    for(int i=1; i<=no_of_target_paths;i++)  // Printing the initial 

population. 5 loops since we have 5 test data 

       { 

               cout<<endl; 

               cout<<"  ["<<parameter_1[i]<<"]"<<" "; 

               cout<<"["<<parameter_2[i]<<"]"<<" "; 

               if (experiment_no==1) 

                { 

                 cout<<"["<<parameter_3[i]<<"]"<<" "; 

                 cout<<endl; 

               } 

               coveredpath=Check_Coverage(parameter_1[i], 

parameter_2[i], parameter_3[i], experiment_no); // the initial test 

data coverage checking 

                cout<<"  The Covered Path is:: Path 

"<<coveredpath<<endl; 

                

cout<<"_____________________________________________"<<endl; 

 

                 if (coveredpath==1) 

                        path1=1; 

                 else if (coveredpath==2) 

                        path2=1; 

                 else if (coveredpath==3) 

                        path3=1; 

                 else if (coveredpath==4) 

                        path4=1; 

                 else if (coveredpath==5) 

                        path5=1; 

       } 

       path1=0;   //reset thee variables to hold new values 

       path2=0; 

       path3=0; 

       path4=0; 

       path5=0; 

       coveredpath=0; 

       if (experiment_no==1 or experiment_no==3) 

       { 

           pathcount=path1+path2+path3+path4+path5; 

           cout<<endl; 

           cout<<" "<<pathcount<<" paths out of 

"<<no_of_target_paths<<" paths have been covered and the coverage rate= 

"<<((pathcount/no_of_target_paths)*100)<<"%"<<endl; 

 

       } 

      else 

      { 

         pathcount=path1+path2+path3+path4; 

         cout<<endl; 
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          cout<<" "<<pathcount<<" paths out of 

"<<no_of_target_paths<<" paths have been covered and the coverage rate= 

"<<((pathcount/no_of_target_paths)*100)<<"%"<<endl; 

      } 

 

 

    }// while 

   } 

     else 

   {  coveredpath=0; 

       pathcount=0; 

       path1=0;   //reset thee variables to hold new values 

       path2=0; 

       path3=0; 

       path4=0; 

       path5=0; 

       path_cov_previous=0; 

       for(int i=1; i<=no_of_target_paths;i++)  // Printing the 

initial population. 5 loops since we have 5 test data 

       { 

               coveredpath=Check_Coverage(parameter_1_before[i], 

parameter_2_before[i], parameter_3_before[i], experiment_no); 

                 if (coveredpath==1) 

                        path1=1; 

                 else if (coveredpath==2) 

                        path2=1; 

                 else if (coveredpath==3) 

                        path3=1; 

                 else if (coveredpath==4) 

                        path4=1; 

                 else if (coveredpath==5) 

                        path5=1; 

       } 

 

       if (experiment_no==1 or experiment_no==3) 

       { 

           pathcount=path1+path2+path3+path4+path5; 

           path_cov_previous=(pathcount/no_of_target_paths)*100; 

       } 

      else 

      { 

         //cout<<"pathcount= "<<pathcount<<endl; 

         pathcount=path1+path2+path3+path4; 

           path_cov_previous=(pathcount/no_of_target_paths)*100; 

      } 

      cout<<"path_cov= "<<path_cov<<endl; 

      cout<<"path_cov_previous= "<<path_cov_previous<<endl; 

      cout<<"path Count Previous ="<<pathcount<<endl; 

       cout<<"path1 ="<<path1<<endl; 

       cout<<"path2 ="<<path2<<endl; 

       cout<<"path3 ="<<path3<<endl; 

       cout<<"path4 ="<<path4<<endl; 

        cout<<"path5 ="<<path5<<endl; 

        for(int i=1; i<=no_of_target_paths;i++) 

            { 

                    cout<<parameter_1_before[i]<<" "; 
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                    cout<<parameter_2_before[i]<<endl; 

 

            } 

    if (path_cov < path_cov_previous) 

      { 

         for(int i=1; i<=no_of_target_paths;i++) 

            { 

                    parameter_1[i]=parameter_1_before[i]; 

                    parameter_2[i]=parameter_2_before[i]; 

                    parameter_3[i]=parameter_3_before[i]; 

            } 

    } 

   } 

     

cout<<"==============================================================

======================="<<endl; 

     cout<<endl; 

} 

void crossover(int parameter_1_befor, int parameter_2_befor, int 

parameter_3_befor, string & parameter_1_after, string & 

parameter_2_after , string & parameter_3_after, int experiment_no)  // 

this function perform the crossover operation on the test data 

{    string temp; 

     int pos; 

 

        if (experiment_no==1) 

            { 

              parameter_1_after= toBinary(parameter_1_befor); 

              parameter_2_after= toBinary(parameter_2_befor); 

              parameter_3_after= toBinary(parameter_3_befor); 

             temp={}; 

              pos = rand()% 8 + 1;   // random number between 1 and 8 

              while (pos>=7) // to remain the crossover in the range 

of 8 genes 

              { 

                pos = rand()% 8 + 1; 

              } 

              cout<<"     The Points for crossover between parameter 

1 and 2 were :: "<<pos<<" , "<<pos+1<<" , "<<pos+2<<endl; 

              temp=parameter_1_after; 

              parameter_1_after.replace(pos-

1,3,(parameter_2_after.substr(pos-1,3))); 

              parameter_2_after.replace(pos-1,3,(temp.substr(pos-

1,3))); 

              pos = rand()% 8 + 1;   // random number between 1 and 8 

               while (pos>=7) // to remain the crossover in the range 

of 8 genes 

              { 

                pos = rand()% 8 + 1; 

              } 

              cout<<"     The Points for crossover between parameter 

2 and 3 were:: "<<pos<<" , "<<pos+1<<" , "<<pos+2<<endl; 

              temp=parameter_2_after; 

              parameter_2_after.replace(pos-

1,3,(parameter_3_after.substr(pos-1,3))); 
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              parameter_3_after.replace(pos-1,3,(temp.substr(pos-

1,3))); 

            } 

          else 

            { 

              parameter_1_after= toBinary(parameter_1_befor); 

              parameter_2_after= toBinary(parameter_2_befor); 

              temp={}; 

              pos = rand()% 8 + 1;   // random number between 1 and 8 

              while (pos>=7) // to remain the crossover in the range 

of 8 genes 

              { 

                pos = rand()% 8 + 1; 

              } 

              cout<<"     The Points for crossover were :: "<<pos<<" 

, "<<pos+1<<" , "<<pos+2<<endl; 

              temp=parameter_1_after; 

              parameter_1_after.replace(pos-

1,3,(parameter_2_after.substr(pos-1,3))); 

              parameter_2_after.replace(pos-1,3,(temp.substr(pos-

1,3))); 

 

            } 

                if (experiment_no==2) 

                 { 

                   while (parameter_1_after=="00000000" or 

parameter_2_after=="00000000") //zero makes problems in the SUTs if a 

number divide on it. 

                   { 

                       parameter_1_after= 

toBinary(parameter_1_befor); 

                       parameter_2_after= 

toBinary(parameter_2_befor); 

                       temp={}; 

                       temp=parameter_1_after; 

                        pos = rand()% 8 + 1;   // random number between 

1 and 8 

                        while (pos>=7) // to remain the crossover in 

the range of 8 genes 

                         { 

                            pos = rand()% 8 + 1; 

                          } 

                       temp=parameter_1_after; 

                       parameter_1_after.replace(pos-

1,3,(parameter_2_after.substr(pos-1,3))); 

                       parameter_2_after.replace(pos-

1,3,(temp.substr(pos-1,3))); 

                   } 

                 } 

 

 

          } 

void mutation(int parameter_1_befor, int parameter_2_befor, int 

parameter_3_befor, string & parameter_1_after, string & 

parameter_2_after , string & parameter_3_after, int experiment_no) // 
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this function perform the repetitive mutation operation on the test 

data 

{ 

     int pos=0; 

 

              parameter_1_after= toBinary(parameter_1_befor); 

              parameter_2_after= toBinary(parameter_2_befor); 

              parameter_3_after= toBinary(parameter_3_befor); 

              pos = rand()% 8 + 1;   /* random number between 1 and 8 

since our chromosome consist of 8 genes, so we have to choose random 

position between 

                                        1 and 8 */ 

              if (parameter_1_after.substr(pos-1,1)=="0") 

                      parameter_1_after.replace(pos-1,1,"1"); 

              else if (parameter_1_after.substr(pos-1,1)=="1") 

                       parameter_1_after.replace(pos-1,1,"0"); 

 

 

             pos = rand()% 8 + 1;   // random number between 1 and 8 

              if (parameter_2_after.substr(pos-1,1)=="0") 

                       parameter_2_after.replace(pos-1,1,"1"); 

              else if (parameter_2_after.substr(pos-1,1)=="1") 

                         parameter_2_after.replace(pos-1,1,"0"); 

 

 

             pos = rand()% 8 + 1;   // random number between 1 and 8 

              if (parameter_3_after.substr(pos-1,1)=="0") 

                    parameter_3_after.replace(pos-1,1,"1"); 

              else if (parameter_3_after.substr(pos-1,1)=="1") 

                      parameter_3_after.replace(pos-1,1,"0"); 

 

               if (experiment_no==2) 

               { 

                    while (parameter_1_after=="00000000" or 

parameter_2_after=="00000000") //  zero makes problems in the SUTs if 

a number divide on it. 

                      { 

                          parameter_1_after= 

toBinary(parameter_1_befor); 

                          parameter_2_after= 

toBinary(parameter_2_befor); 

                          pos = rand()% 8 + 1; 

                         if (parameter_1_after.substr(pos-1,1)=="0") 

                              parameter_1_after.replace(pos-1,1,"1"); 

                         else if (parameter_1_after.substr(pos-

1,1)=="1") 

                             parameter_1_after.replace(pos-1,1,"0"); 

                         pos = rand()% 8 + 1; 

                         if (parameter_2_after.substr(pos-1,1)=="0") 

                             parameter_2_after.replace(pos-1,1,"1"); 

                          else if (parameter_2_after.substr(pos-

1,1)=="1") 

                              parameter_2_after.replace(pos-1,1,"0"); 

                        } 

                } 
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} 

void improved_repetitive_mutation(int i, int cdc, int & 

covered_path_index, int & coveredpath , int experiment_no, float 

no_of_target_paths ) 

{ 

    string parameter_1_after; 

    string parameter_2_after; 

    string parameter_3_after; 

    int mutation_position; 

    int xb; // these variables hold the test data before the mutation 

, if CDC exceeded without elimination path coverage, then return to 

the original test data 

    int yb; // same 

    int zb; //same 

    int flag=1; 

    int found=0; 

    float chromosome_rank; 

    int mutation_number=0; 

              xb=parameter_1[i]; 

              yb=parameter_2[i]; 

              zb=parameter_3[i]; 

              mutation(parameter_1[i],parameter_2[i],parameter_3[i], 

parameter_1_after, parameter_2_after, parameter_3_after, 

experiment_no); // Perform mutation on the test data 

              parameter_1[i]=toDecimal(stol(parameter_1_after));     

// convert the test data to decimal representation 

              parameter_2[i]=toDecimal(stol(parameter_2_after));      

// same 

              cout<<endl; 

 

               if (experiment_no==1) // if to print test data for 3 

parameters EXPR 

                 cout<<"  After Normal Single Mutation on the test 

data"<<"  ["<<xb<<"]"<<"  ["<<yb<<"]"<<"  ["<<zb<<"]"<<" by flipping 

one gene randomly, The produced test data IS::"<<endl; 

               else // if to print test data for 3 parameters EXPR 

                  cout<<"  After Normal Single Mutation on the test 

data"<<"  ["<<xb<<"]"<<"  ["<<yb<<"]"<<" by flipping one gene randomly, 

The produced test data IS::"<<endl; 

               cout<<"  ["<<parameter_1[i]<<"]"<<" ";  // Print the 

new test data after the affection of mutation technique  

               cout<<"["<<parameter_2[i]<<"]"<<" "; 

              if (experiment_no==1) // if to print test data for 3 

parameters EXPR 

              { 

                   parameter_3[i]=toDecimal(stol(parameter_3_after)); 

                   cout<<"["<<parameter_3[i]<<"]"<<" "; 

                   cout<<endl; 

              } 

              coveredpath=Check_Coverage(parameter_1[i], 

parameter_2[i], parameter_3[i], experiment_no); //Check the coverage 

of the new test data 

              while (flag==1)  // while the new covered path is found 

in the array ( Path Coverage Duplication), and CDC is not exceeded, do 

                  { 
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                     for (int j=1;j<=5;j++) // Search in the array on 

the covered path of the new test data 

                      { 

                       if (covered_path[j]==coveredpath) //  if the 

covered path by that test data exists in the array 

                           found=1; 

                       } 

                    if (found==1) // if the covered path by the new 

test data is found in the array (path coverage duplication) 

                        { 

                           

chromosome_rank=1/(1+mutation_number+no_of_target_paths); 

                           mutation_number++; 

                           cout<<"  This Test Data covers duplicated 

path Which is:: Path "<<coveredpath<<" , Rank= 

"<<chromosome_rank<<endl; 

                           cout<<endl; 

                           mutation(xb,yb,zb, parameter_1_after, 

parameter_2_after, parameter_3_after,experiment_no ); // Redo mutation 

on the test data  

                           

parameter_1[i]=toDecimal(stol(parameter_1_after)); 

                           

parameter_2[i]=toDecimal(stol(parameter_2_after)); 

                           cout<<"  After Mutation ( 

"<<mutation_number<<" ) on the same test data by flipping one gene 

randomly, the new test data IS::"<<endl; //Print the mutation number 

// optional 

                           cout<<"  ["<<parameter_1[i]<<"]"<<" ";  

//Print the new test data after the affection of mutation technique // 

optional 

                           cout<<"["<<parameter_2[i]<<"]"<<" "; 

                           if (experiment_no==1)  // if to print test 

data for 3 parameters EXPR 

                             { 

                                 

parameter_3[i]=toDecimal(stol(parameter_3_after)); 

                                 cout<<"["<<parameter_3[i]<<"]"<<" "; 

                                 cout<<endl; 

                             } 

                            

coveredpath=Check_Coverage(parameter_1[i], parameter_2[i], 

parameter_3[i], experiment_no); // Check the coverage of the new test 

data to see which path it covers 

                          } 

                       else //if not found in the array// means there 

is no path coverage duplication 

                          { 

                             cout<<endl; 

                             cout<<"  ["<<parameter_1[i]<<"]"<<" "; 

//Print the test data 

                             cout<<"["<<parameter_2[i]<<"]"<<" "; 

                             if (experiment_no==1) 

                                cout<<"["<<parameter_3[i]<<"]"<<" "; 

                                cout<<endl; 
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coveredpath=Check_Coverage(parameter_1[i], parameter_2[i], 

parameter_3[i], experiment_no); //Check the coverage of the new test 

data 

                             chromosome_rank=1/no_of_target_paths; 

                              cout<<"  This Test Data covers non-

duplicated path which is:: Path "<<coveredpath<<" , Rank= 

"<<chromosome_rank<<endl; //Print the covered path that is not 

duplicated 

                              cout<<endl; 

                              

covered_path[covered_path_index]=coveredpath; //Add the covered path 

to the array 

                              covered_path_index+=1;  //Increase the 

array’s index  

                              flag=0; 

                           } 

                    if (mutation_number>=cdc and found==1)  // If 

there is a path coverage duplication but the CDC is  exceeded 

                          { mutation_number++; 

                            

chromosome_rank=1/(1+mutation_number+no_of_target_paths); 

                            cout<<"  This Test Data covers duplicated 

path Which is:: Path "<<coveredpath<<" , Rank= 

"<<chromosome_rank<<endl; 

                            cout<<endl; 

                            parameter_1[i]=xb;       //ignore the new 

test data that causes path coverage duplication and return to the the 

original one 

                            parameter_2[i]=yb; 

                            if (experiment_no==1) 

                               parameter_3[i]=zb; 

                            mutation_number=0; 

                            flag=0; // Make the while ends (set the 

flag to zero to exist from the while loop since CDC has been exceeded) 

                           } 

                             found=0; 

                   } 

                   mutation_number=0; 

 

                //after that , Select the next test data (in the main 

by the for loop) 

} 

int main() 

{ 

  

//___________________________________________________________________

__ introductions 

    int experiment_no; 

    float no_of_target_paths; 

    int coveredpath; 

    int cdc=0; 

    int path1=0;   //these ,, path1 to path 5 variables are used to 

check the coverage later 

    int path2=0; 

    int path3=0; 
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    int path4=0; 

    int path5=0; 

    string x; 

    string y; 

    string z; 

    int xb; 

    int yb; 

    int zb; 

    int g=1; 

    float pathcount=0; 

    float path_cov; 

    int iteration_number=0; 

    int flag; 

 //-

___________________________________________________________________En

d of introductions 

    cout<<endl; 

    cout<<"Enter 1 For Sequential Experiment "<<endl; 

    cout<<"Enter 2 For Single Loop Experiment "<<endl; 

    cout<<"Enter 3 For Nested Loops Experiment "<<endl; 

    cin>>experiment_no; 

    if (experiment_no ==2) 

       no_of_target_paths=4; 

    else 

    { 

       no_of_target_paths=5; 

    }    

    cout<<"Enter CDC Value"<<endl; 

    cin>>cdc; 

    

cout<<"______________________________________________________________

_"<<endl; 

    initial_test_data_generation(v_start,v_end, experiment_no, 

no_of_target_paths); // this procedure generates the initial test data 

    cout<<endl; 

    cout<<"  The Initial Selected Test Data are:: "<<endl;; 

    cout<<endl; 

    for(int i=1; i<=no_of_target_paths;i++) 

                       { 

                               cout<<endl; 

               cout<<"  ["<<parameter_1[i]<<"]"<<" "; 

               cout<<"["<<parameter_2[i]<<"]"<<" "; 

               if (experiment_no==1) 

                { 

                 cout<<"["<<parameter_3[i]<<"]"<<" "; 

               } 

               coveredpath=Check_Coverage(parameter_1[i], 

parameter_2[i], parameter_3[i], experiment_no); // the initial test 

data coverage checking 

                cout<<"-----> The Covered Path is:: Path 

"<<coveredpath<<endl; 

                

cout<<"_____________________________________________"<<endl; 

 

                 if (coveredpath==1) 

                        path1=1; 
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                 else if (coveredpath==2) 

                        path2=1; 

                 else if (coveredpath==3) 

                        path3=1; 

                 else if (coveredpath==4) 

                        path4=1; 

                 else if (coveredpath==5) 

                        path5=1; 

       } 

       if (experiment_no==1 or experiment_no==3) 

       { 

           pathcount=path1+path2+path3+path4+path5; 

           cout<<endl; 

           cout<<" "<<pathcount<<" paths out of 

"<<no_of_target_paths<<" paths have been covered and the coverage rate= 

"<<((pathcount/no_of_target_paths)*100)<<"%"<<endl; 

 

       } 

      else 

      { 

         pathcount=path1+path2+path3+path4; 

         cout<<endl; 

          cout<<" "<<pathcount<<" paths out of 

"<<no_of_target_paths<<" paths have been covered and the coverage rate= 

"<<((pathcount/no_of_target_paths)*100)<<"%"<<endl; 

      } 

 

   while (pathcount!=no_of_target_paths)  // this is the main loop and 

it does not stop till all target paths covered 

     { 

          path1=0; 

          path2=0; 

          path3=0; 

          path4=0; 

          path5=0; 

          cout<<endl; 

          iteration_number+=1; 

          selection(pathcount, no_of_target_paths, v_start, v_end , 

experiment_no , path_cov, iteration_number ); 

           cout<<endl; 

           cout<<"  Iteration "<<iteration_number<<endl;   // printing 

the iteration number 

           cout<<"_________________"<<endl<<endl; 

           if (iteration_number>1) 

           { 

           cout<<"  The Selected Test Data are:: "<<endl; 

           for(int i=1; i<=no_of_target_paths;i++) 

                       { 

                               cout<<endl; 

               cout<<"  ["<<parameter_1[i]<<"]"<<" "; 

               cout<<"["<<parameter_2[i]<<"]"<<" "; 

               if (experiment_no==1) 

                { 

                 cout<<"["<<parameter_3[i]<<"]"<<" "; 

                 cout<<endl; 

               } 
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                       } 

                cout<<endl; 

                

cout<<"_____________________________________________"<<endl; 

           } 

           //srand(time(NULL)); 

        for(int i=1; i<=no_of_target_paths;i++) //-------------------

-------------perform repetitive Mutation technique / on the 5 test data 

same generation 

            { 

             parameter_1_before[i]=parameter_1[i]; // holds the test 

data before it changes during the repetitive mutation for selection 

purposes 

             parameter_2_before[i]=parameter_2[i]; 

             parameter_3_before[i]=parameter_3[i]; 

            } 

          float r; 

          r= ((double) rand() / (RAND_MAX));  // find random number 

between 0 and 1 for crossover probability 

          if (r<=0.8) // 0.8 is the probability of crossover 

          { 

            cout<<endl; 

            // Test Data Before Crossover 

            cout<<"  The Crossover Operation :"<<endl; 

            cout<<"  _________________________"<<endl<<endl; 

            cout<<"  Test Data Before Crossover ::"<<endl; 

            cout<<endl; 

             for(int c=1; c<=no_of_target_paths;c++) //--------------

------------------perform crossover on the 5 test data 

                { 

 

 

                   cout<<"      ["<<parameter_1[c]<<"]"<<" ";  // 

printing the test data after crossover operation 

                   cout<<"["<<parameter_2[c]<<"]"<<" "; 

                   if (experiment_no==1) 

                   cout<<"["<<parameter_3[c]<<"]"<<" "; 

                    cout<<" Which equals "; 

                   cout<<"  ["<<toBinary(parameter_1[c])<<"]"; 

                   cout<<"["<<toBinary(parameter_2[c])<<"]"; 

                   if (experiment_no==1) 

                   cout<<"["<<toBinary(parameter_3[c])<<"]"; 

                   cout<<" in binary"; 

                   cout<<endl<<endl; 

 

                   } 

 

            //Test Data After Crossover 

            cout<<endl; 

            cout<<"  Test Data After Crossover ::"<<endl; 

            cout<<endl; 

             for(int c=1; c<=no_of_target_paths;c++) //--------------

------------------perform crossover on the 5 test data 

                { 
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crossover(parameter_1[c],parameter_2[c],parameter_3[c], x, y, 

z,experiment_no);  // perform crossover function 

                   parameter_1[c]=toDecimal(stol(x)); // crossover 

returns binary test data , so its must be convert to real test data 

before printing them 

                   parameter_2[c]=toDecimal(stol(y)); 

                   if (experiment_no==1) 

                   parameter_3[c]=toDecimal(stol(z)); 

                    cout<<"      ["<<parameter_1[c]<<"]"<<" ";  // 

printing the test data after crossover operation 

                   cout<<"["<<parameter_2[c]<<"]"<<" "; 

                   if (experiment_no==1) 

                   cout<<"["<<parameter_3[c]<<"]"<<" "; 

                   cout<<" Which equals "; 

                   cout<<"  ["<<toBinary(parameter_1[c])<<"]"; 

                   cout<<"["<<toBinary(parameter_2[c])<<"]"; 

                   if (experiment_no==1) 

                   cout<<"["<<toBinary(parameter_3[c])<<"]"; 

                   cout<<" in binary"; 

                   cout<<endl<<endl; 

 

                   } 

 cout<<"_____________________________________________Crossover has 

finished :"<<endl; 

 

                } 

                else 

                { 

                    cout<<endl; 

                    cout<<" (The probability of crossover has not 

achieved) "<<endl; 

                } 

                 r =0.0; 

                 r = ((double) rand() / (RAND_MAX));  // find random 

number between 0 and 1 

 

                   if (r<=0.8)// 0.8 is the probability of mutation 

                   { int  coveredpath; 

                     cout<<endl; 

                     cout<<"  The Proposed Repetitive Mutation 

Operation :"<<endl; 

                     cout<<"  

_________________________________________"<<endl; 

                for(int i=1; i<=no_of_target_paths;i++) //-----------

---------------------perform Repetitive Mutation technique / on the 5 

test data same generation 

                { 

                  improved_repetitive_mutation(i,cdc,g,coveredpath, 

experiment_no, no_of_target_paths); 

                     if (coveredpath==1) 

                        path1=1; 

                   else if (coveredpath==2) 

                        path2=1; 

                   else if (coveredpath==3) 

                        path3=1; 



 

172 

 

                   else if (coveredpath==4) 

                        path4=1; 

                   else if (coveredpath==5) 

                        path5=1; 

 

                   } 

 

                 } 

                 else 

                 { 

                    cout<<endl; 

                    cout<<" (The probability of mutation has not 

achieved) "<<endl<<endl; 

                    for(int i=1; i<=no_of_target_paths;i++) //-------

-------------------------perform Repetitive Mutation technique / on 

the 5 test data same generation 

                       { 

                            cout<<endl; 

                           cout<<"  ["<<parameter_1[i]<<"]"<<" "; 

                           cout<<"["<<parameter_2[i]<<"]"<<" "; 

                           if (experiment_no==1) 

                              { 

                               cout<<"["<<parameter_3[i]<<"]"<<" "; 

                              } 

                          coveredpath=Check_Coverage(parameter_1[i], 

parameter_2[i], parameter_3[i], experiment_no); // the initial test 

data coverage checking 

                          cout<<" -----> The Covered Path is:: Path 

"<<coveredpath<<endl; 

                          

cout<<"_____________________________________________"<<endl; 

                          cout<<endl; 

                          if (coveredpath==1) 

                              path1=1; 

                          else if (coveredpath==2) 

                              path2=1; 

                          else if (coveredpath==3) 

                              path3=1; 

                          else if (coveredpath==4) 

                              path4=1; 

                          else if (coveredpath==5) 

                              path5=1; 

                        } 

                 } 

 

                for (int m=1; m<=no_of_target_paths; m++) 

                { 

                  covered_path[m]=0;  // reset the array to a new 

iteration 

                } 

                 g=1; 

                  if (experiment_no==1 or experiment_no==3) 

                   { 

                  pathcount=path1+path2+path3+path4+path5; 

                  cout<<endl; 
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                  cout<<" "<<pathcount<<" paths out of 

"<<no_of_target_paths<<" paths have been covered,"; 

                  path_cov=(pathcount/no_of_target_paths)*100; 

                  cout<<"  Path coverage rate= "<<path_cov<<"%"<<endl; 

// the fittest test data coverage 

                  cout<<endl; 

                   } 

                  else 

                  { 

                     pathcount=path1+path2+path3+path4; 

                  cout<<endl; 

                  cout<<" "<<pathcount<<" paths out of 

"<<no_of_target_paths<<" paths have been covered,"; 

                  path_cov=(pathcount/no_of_target_paths)*100; 

                  cout<<"  Path coverage rate= "<<path_cov<<"%"<<endl; 

// the fittest test data coverage 

                  cout<<endl; 

                   } 

                  cout<<"  The number of test data iterations is 

"<<iteration_number<<endl; 

                  

cout<<"______________________________________________________________

_"<<endl<<endl; 

                   path1=0;   //these ,, path1 to path 5 variables are 

used to check the coverage later 

                   path2=0; 

                   path3=0; 

                   path4=0; 

                   path5=0; 

 

         } 

      cout<<" the fittest test data for path coverage testing are:: 

"<<endl<<endl; //printing the final fittest test data that cover all 

paths 

 

            for(int i=1; i<=no_of_target_paths;i++) 

               { 

                   cout<<"  ["<<parameter_1[i]<<"]"<<" "; 

                   cout<<"["<<parameter_2[i]<<"]"<<" "; 

                   if (experiment_no==1) 

                       cout<<"["<<parameter_3[i]<<"]"<<" "; 

                       cout<<"-----> The Covered Path is:: Path 

"<<Check_Coverage(parameter_1[i], parameter_2[i], parameter_3[i], 

experiment_no); 

                       

cout<<endl<<"_____________________________________________"<<endl; 

                       cout<<endl; 

 

                } 

 

} 
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Appendix B 

The Results’ Snapshots of Sequential SUT Experiment 

 
The Simulation Program’s Inputs 

 
The Initial Test Data 
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Iteration 1 - Crossover 

 
Iteration 1 - The Proposed Repetitive Mutation -Part1- 
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Iteration 1 - The Proposed Repetitive Mutation -Part2- 

 
Iteration 1 - The Proposed Repetitive Mutation -Part3- 
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Iteration 2 - The Selected Test Data 

 
Iteration 2 - Crossover 
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Iteration 2 - The Proposed Repetitive Mutation -Part1- 

 
Iteration 2 - The Proposed Repetitive Mutation -Part2- 
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Appendix C 

The Results’ Snapshots of Single Loop SUT Experiment 

 
The Simulation Program’s Inputs 

 
The Initial Test Data 

 
Iteration 1 – Crossover’s Probability has not Achieved  
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Iteration 1 - The Proposed Repetitive Mutation -Part1- 

 
Iteration 1 - The Proposed Repetitive Mutation -Part2- 
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Iteration 2 - The Selected Test Data 

 
Iteration 2 - Crossover 
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Iteration 2 - The Proposed Repetitive Mutation 

 
Iteration 3 - The Selected Test Data 
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 Iteration 3 - Crossover 

  
Iteration 3 - The Proposed Repetitive Mutation -Part1- 
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Iteration 3 - The Proposed Repetitive Mutation -Part2- 

  
Iteration 4 - The Selected Test Data 

  
Iteration 4 – Crossover’s Probability has not Achieved  
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Iteration 4 - The Proposed Repetitive Mutation -Part1- 

 
Iteration 4 - The Proposed Repetitive Mutation -Part2- 
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Iteration 5 - The Selected Test Data 

 
Iteration 5 - Crossover 
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Iteration 5 - The Proposed Repetitive Mutation -Part1- 

 
Iteration 5 - The Proposed Repetitive Mutation -Part2- 
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Iteration 6 - The Selected Test Data 

 
Iteration 6 - Crossover 

 
Iteration 6 – The Proposed Repetitive Mutation’s Probability has not Achieved  
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Iteration 7 - The Selected Test Data 

 
Iteration 7 - Crossover 

 
Iteration 7 – The Proposed Repetitive Mutation’s Probability has not Achieved  
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Iteration 8 - The Selected Test Data 

 
Iteration 8 - Crossover 

 
Iteration 8 - The Proposed Repetitive Mutation -Part1- 
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Iteration 8 - The Proposed Repetitive Mutation -Part2- 
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Appendix D 

The Results’ Snapshots of Nested Loops SUT Experiment 

 
The Simulation Program’s Inputs 

 
The Initial Test Data 
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Iteration 1 - Crossover 

 
Iteration 1 - The Proposed Repetitive Mutation -Part1- 
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Iteration 1 - The Proposed Repetitive Mutation -Part2- 



 

195 

 

Iteration 1 - The Proposed Repetitive Mutation -Part3- 

 
Iteration 25 - The Selected Test Data 
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Iteration 25 - Crossover 

 
Iteration 25 – The Proposed Repetitive Mutation’s Probability has not Achieved 
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Iteration 26 - The Selected Test Data 

 
Iteration 26 - Crossover 
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Iteration 26 - The Proposed Repetitive Mutation -Part1- 

 
Iteration 26 - The Proposed Repetitive Mutation -Part2- 
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Iteration 26 - The Proposed Repetitive Mutation -Part3- 

 
Iteration 27 - The Selected Test Data 
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Iteration 27 - Crossover 

 
Iteration 27 - The Proposed Repetitive Mutation -Part1- 
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Iteration 27 - The Proposed Repetitive Mutation -Part2- 
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