
Abstract
Software testing and retesting occurs continuously during the 
software development life cycle to detect errors as early as 
possible. During the regression testing, a modified system 
needs to be retested using the existing test suit. Since the test 
suit may be very large, the better way is to prioritize it. Test Case 
Prioritization is the process of changing the order of execution 
of test cases to achieve the testing objective early in the testing 
process. It is an effective and practical technique that helps to 
increase the rate of regression fault detection when software 
evolves. However, existing prioritization techniques implicitly 
assume that source code or binary code is available when 
regression testing is performed, and therefore cannot be 
implemented when there is no program source code or binary 
code to be analyzed. In this paper we present a new approach 
which is completely based on requirements of the system. This 
technique is useful in black box environment.
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I. Introduction
Regression testing is a necessary but expensive process in 
the software lifecycle. One of the regression testing approach, 
test case prioritization , aims at sorting and executing test 
case in the order of potential abilities to achieve certain 
testing objective. Empirical studies indicate that test  case 
prioritization technique could increase the effectiveness of 
test case at meeting some performance goals especially in 
resource-constrained testing environment1,2].
Numerous technique have been reported on prioritizing test 
cases for regression testing [1].
Amongst these techniques, some focus on code coverage[1] 
and others investigate prioritization techniques by binary code 
comparison[1,2]. However none of these techniques could be 
of use when source code or binary code is unavailable. To apply 
test case prioritization practitioners need a new technique for 
black box testing.
In this paper, we proposed a new approach useful in black 
box environment. This approach is based on requirement 
prioritization. The main idea of this approach is to find 
the most severe faults early in the testing process and hence 
to improve the quality of the system according to customer 
point of view.

II. Related Work:
Test case prioritization:
Test case Prioritization problem can be defined as :
Given: Test suit T, a set of permutations of T,PT, a function f 
from PT to the real numbers.
Problem: Find T ′ εPT such that (for allT ′′)(T ′′ ε PT) [f(T ′) ≥ f(T 
′′)].

Here,PT is the set of possible prioritizations of T, and  f is an 

objective function that, applied to any such order, yields an 
award value for that order [2]. High award value are always 
preferred than lower one.

Test case prioritization schedule the test cases in an execution 
order according to some criteria. The purpose of  test case 
prioritization is to achieve the testing objective early in the 
testing process. The objectives can be any of the following:

1. Testers may wish to increase the rate of fault detection-that 
is, the likelihood of revealing faults earlier in the testing 
process.

2. Testers may wish to increase their coverage of coverable 
code at fastest rate in the system under test.

3.  Testers may wish to increase  their confidence in the 
reliability of the system under test at the fastest rate.

III. Requirement Based Test Case prioritization:
Problem 1(Requirement based test case prioritization)
Given: (i) A test suit, T, (ii) The collection of all permutation of 
all elements of T, PT (iii) the number of requirements ,tmax(iv) 
two functions from the set of permutation of T to the real 
numbers, requirement coverage and fit(based on requirement 
prioritization)
Problem: Find test tuple σmax εPT such that requirement 
coverage σmax <=tmax and  for all σ’ ε PT where σmax ≠ σ’ 
and requirement coverage (σ’)<=s,  fit(σmax)>fit(σ’).

In this problem, permutation of T represents the set of 
all possible tuples and subtuples of T. When   the function 
requirement coverage is applied to any of these tuples it yields 
requirement coverage of that tuple. The function fit is applied to 
any such tuple and returns the fitness value for that ordering. 
We assume that higher fitness is preferable to a lower fitness. 
In this paper function fit quantifies a test tuple’s incremental 
rate of severe fault detection. Our technique considers the 
maximum requirement coverage and potential for severe fault 
detection for each test case in order to evaluate whether the 
test suit achieves its potential at the finding of most severe 
faults early in the testing process.

IV. Requirement Prioritization 
In this approach we are using the concept requirement 
prioritization [3] and this prioritization of requirements can 
be done by the developer, by the customer or even by the tester 
also based on the requirements specification document or by 
analyzing how easy or  difficult to implement that requirement 
is [3]. After that we execute the test cases of the particular test 
suit and find the faults. Theses faults would be most severe 
faults because our aim is to execute those test cases first which 
are covering highly prioritized requirements.

A. Proposed Algorithm:
GAPRIORITIZE(P,T,s,gmax,pc,pm,pa,pd,tc,w)
Input: program P
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Test suit T
Number of tuples to be created per iterations s
Percent of total requirement coverage pr
Crossover probability pc
Mutation probability pm
Addition probability pa
Deletion probability pd
Test adequacy criteria tc
Program coverage weight w, based on numbers of prioritized 
requirement covered.

Output : Maximum fitness tuple Fmax ε F in set σmax

tmax <- total number of requirements.
R0<-null;
repeat
R0<-R0 U {random individual created}
until |R0|=s
g<-0
repeat
   F<-0
   For σj ε Rg
       F<-FUCalculateFitness(P,σj,pt,tc,w)
   Rg+1 <- SelectTwoTuple(Rg,F).
repeat
         σk,σl<-SelectParents(Rg,F)
         σq,σr<-ApplyCrossover(pc,σk,σl)
         σq<-ApplyMutation(pm,σq)
         σq<-ApplyMutation(pm,σq)
         σq<-AddAdditionalTests(T,pa,σq)
         σr<-AddAdditionalTests(T,pa,σr)
         σq<-DeleteATest(pd,σq)
         σr<-DeleteATest(pd,σr)
         Rg+1<-Rg+1U{σq}U{σr}
  until |Rg+1|=s
  g<-g+1
until g>gmax
σmax<-FindMaxFitnessTuple(Rg-1,F)
return σmax    

B. Explanation of the algorithm:
A genetic algorithm is used to solve the problem 1. First 
execution of each test case is recorded to find that the particular 
test case is covering which and how many requirements.

First find the total number of requirements for the system and 
store them in tmax. Select the tuples that is covering maximum 
number of requirements and make a set sayR0.
Apply the fitness function to find each of σj and its fitness 
value is denoted by Fj to determines its quality. Select the 
two best tuple using R0 and F to form Rg which will be the 
next generation. Identifies σk and σl through a roulette wheel 
selection technique based on the probability proportional to 
|F|.the fitness values are normalized in relation to the rest of 
the test tuple set by multiplying each Fj εF by a fixed number, 
so that sum of all fitness values equals one. The test tuples are 
then sorted by descending fitness vaues, and the accumulated 
fitness values are calculated. A random number r ε [0,1] is 
next generated, and the first individual whose accumulated 
normalized value is greater than orequal to r is selected. This 
selection method is repeated until enough tuple are selected 
to fill the set Rg. Then apply crossover that may merge the pair 
{σk,σl} to create the two potentially new tuples {σq,σr} based 
on pc, a user provided crossover probability. Each tuple in the 

pair {σq,σr} may then be muted based on pm, a user provided 
mutation probability. Finally a new test case may be added 
or deleted from σq and σr. After each of these modifications 
have been made to the original pair, both tuples σq and σr are 
entered into R1. The same transformation are applied to all 
pairs selected by R0 untill R1contains s test tuples, In total 
gmax sets of s test tuples are iteratively created in this fashion. 
When the final set Rgmax has been created, the test tuple 
with the greatest fitness, σmax, is determined. This tuple is 
guaranteed to be the tuple with the heighest fitness out of all 
g sets of size s.

C. Fitness Function for this proposed algorithm:
Fitness function for this algorithm would be calculated  in the 
following form in which fitness function has two components. 
The first component is primary fitness which we  calculated 
in this form:

Fpri(P,σi, tc,w) = rc(P,σi, tc) * w, where Fpri=primary fitness , and 
the second component  would take the following form:

Fsec(P,σi, tc) = Fs-actual(P,σi, tc)/Fs-max(P,σi, tc), where 
Fsec=second component  considers the incremental 
requirement coverage of the tuple, giving precedence to test 
tuples whose earlier tests have greater coverage. Fsec is also 
calculated in two parts.
(i) Fs-actual-> calculated by summing the product of the 
requirement coverage and fault severity of faults generated by 
respective test cases.
(ii) F-actual->that represent the maximum value that Fs-
actual can take.

As an example of a fitness calculation, let the program coverage 
weight w = 100, P be a program, and tc be a test adequacy 
criterion (e.g., requirement  coverage). Suppose σi=<T1,T2,T3>.  
Also, assume we have severity information based on requirement 
prioritization is T1=6,T2=3, T3=2, and test tuple requirement 
coverage rc(P,σi, tc) = 0.20. 
Then, primary fitness =0.2*100=20

 Fsec next gives preference to test tuples that have more high 
prioritized requirement covered early in execution. To calculate 
Fsec, the requirement coverages of σi(1,1)=<T1>,σi(1,2)=<T1
,T2>,σi(1,3)=<T1,T2,T3> must be measured. Suppose for this 
example that rc(P,σi(1,1),tc) = 0.05, rc(P,σi(1,2),tc) = 0.19, and, 
as already known, rc(P,σi(1,3), tc) = rc(P,σi, tc) =0.20. Fsec is 
calculated as follows,

Fs-actual(P,σi, tc) = (6* 0.05) + (3* 0.19) + (2* 0.20)= 1.27

Fs-max(P,σi, tc) = 0.2(6 + 3 + 2) = 2.2, 

Fsec(P,σi, tc) =1.27/2.2= 0.577

D. Evaluation of this approach:
Consider an example table for understanding the concept of 
this proposed algorithm. In this case we are using severity 
value which will be based on requirement weight[3]. As the 
test case is covering maximum number of highly prioritized 
requirements means it is finding most severe faults early in 
the testing process.
Table-1: Faults exposed and assigned severity values to those 
faults
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Assign Severity value
Fault detected 
for some test 
case.

1 2 3 4 5 6 7 8 9

 T1 - 3 x x x

T2 - 3 x x x
T3 - 2 x x
T4 - 2 x x
T5 - 3 x x x

Without a using faults severity information the test tuple 
<T1,T2,T3,T4,T5> would execute. Out of this, only the test 
tuple σ1 =<T4> would  run and find most severe faults and if 
we consider the test tuple σ2=<T2,T5> then it would find the 
5 faults of total severity of 15. We are interested in finding the 
tuple σmax =< T4,T5,T3,T2> would find  unique and severe 
faults but in an intelligent way. Since severity is a principal 
concern, it may also seem intuitive to order the test cases with 
regard to maximum number of faults. In this example, the test 
cases would be intelligently reordered so that the tuple σmax  
would run, revealing 6 unique and severe faults .In this tuple 
we not use the test case T3 yet it is finding the faults with 
the higher severity but those faults are not unique. These are 
those faults which have been already found by test case T5. 
So between the tuple σ3 and σmax, σmax is an intelligent one 
because in this tuple only three test cases would  execute and 
would find the same number of faults with the same severity 
as in test tuple σ3. 
Table-2: Comparison for different prioritization methods

Severity : max
            Fault  Severity Intelligent      
            based                 approach
σ1          σ2        σ3        σmax
T4          T2       T4         T4
              T5        T5         T5
                          T3          T2
                          T2                                                         

Tot. Faults
Tot. severity 

 2            4          6            6
17           19       36           36 

By running this algorithm on a live project analysis is done. 
This approach was compared against the existing approach 
and it was found more effective as compared to any other 
technique. This approach finds more severe faults early in the 
tesing process as compared to random as well as fault based 
approch. 

Fig. 1 :
Along the x-axis we are taking test suit fraction and along the 
y-axis we are taking %age of total fault severity computed by 
the help of requirement prioritization weight.
A graph was plotted using WPFD metric. It shows that area 
covered by proposed approach is more than the area covered 

by the fault based approch which focus on finding maximum 
number of faults rather than finding the most severe faults 
early in the tesing process.

Fig. 2 :

This Fig.  shows that when the five percent of test fraction 
has been executed maximum number of severe faults have 
been detected. So if we want to save the cost then we can 
discard the remaining test cases because maximum of the 
user’s requirements have been achieved.

V. Conclusion
This paper proposed  an algorithm for test case prioritization 
to improve the  regression testing . Analysis is done on a live 
project and it proves its effectiveness. This analysis was done 
for prioritized and non prioritized tests. Graph shows that 
prioritized one is more effective. In future we will try on test case 
prioritization over requirement analysis using APFD metrics
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