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Abstract 

 
Generating pairwise test set when the total number of 
variables is prime numbers has a remarkable property 
in that the test case generation process can be 
simplified by applying straightforward strategy that 
does not require any storage. This paper discusses the 
said algebraic strategy and compares the results with 
the well-known orthogonal array strategy. 
Additionally, this paper also demonstrates the 
applicability and simplicity of the strategy as 
compared to orthogonal array to obtain optimal test 
set for pairwise testing. 
 
1. Introduction 
 

Software testing relates to the process of executing a 
program or system with the intent of finding errors. 
Covering as much as 40 to 50 percent of the total 
software development costs, software testing can be 
considered one of the most important activities for 
software validation and verification. Lack of testing 
can lead to disastrous consequences including loss of 
data, fortunes and even lives.  Many combinations of 
possible input parameters, hardware/software 
environments, and system conditions need to be tested 
and verified against for conformance based on the 
system’s specification. Often, this results into 
combinatorial explosion problem.  

As illustration, consider the option dialog in 
Microsoft Excel software (see Figure 1). Even if only 
View tab option is considered, there are already 20 
possible configurations to be tested. With the exception 
of Gridlines color which takes 56 possible values, each 

configuration can take two values (i.e. checked or 
unchecked). Here, there are 220x56 (i.e. 58,720,256) 
combinations of test cases to be evaluated. Assuming 
that it takes 5 minute for one test case, then it would 
require nearly 559 years for a complete test of the View 
tab option. 

 
Figure 1. Option Dialog for Microsoft Excel 

 
Similar situation can be observed when testing 

hardware product. As a simple example, consider a 
hardware product with 20 on/off switches. To test all 
possible combination would require 220 = 1,048,576 
test cases. If the time required for one test case is 5 
minutes, then it would take nearly 10 years for a 
complete test.  

As highlighted above, given limited time and 
resources, exhaustive testing is next to impossible [1]. 
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Obviously, there is a need for a systematic strategy in 
order to reduce the test data set into manageable ones. 

Pairwise sampling strategy (i.e. based on two-way 
parameter interaction) has been known to effectively 
reduce the test data set (and yet be able to detect from 
60 to 80 percent of the faults). To ensure acceptable 
coverage with optimum test data reduction, any two 
combinations of parameter values are to be covered by 
at most one test [2].  

Many strategies do exist to address the 
aforementioned NP complete problem (e.g. Orthogonal 
Array [3], Automatic Efficient Test Generator (or 
AETG) [2], GA (Genetic Algorithm) and ACA (Ant 
Colony Algorithm) [4], In Parameter Order (IPO) 
strategy [5] [6], hill climbing and simulated annealing 
(SA) [7], and the Intersection of Residues Pair Set 
Strategy (IRPS) [8]). Building and complementing the 
aforementioned work, this paper discusses a 
remarkable property useful to simplify pairwise 
generation of test set. Here, a straightforward strategy 
without any storage requirement can be employed to 
facilitate the test generation process when the total 
number of variables and values are prime number.  In 
doing so, this strategy is compared with the well-known 
orthogonal array strategy to demonstrate the optimal 
test set. 

This paper is organized as follows. Section 2 gives 
an overview of orthogonal array. Section 3 describes 
the complete strategy used in this paper. Finally, 
section 4 gives our conclusions and some suggested 
future work. 
 
2. On orthogonal array strategy 

 
Orthogonal Array Strategy (OA) is a mathematical 

concept that has been known for quite some time [9]. 
The application of orthogonal arrays to testing was first 
introduced by Mandl [10] and later extended by 
Williams and Probert [11]. 

The main component of OA strategy is Latin 
squares. Here, a Latin square is a V x V matrix 
completely filled with symbols from a set that has 
cardinality V. The matrix has the property that the 
same symbol occurs exactly once in each row and 
column. As illustration, figure 2 depicts a 3 x 3 Latin 
Square consisting of a set = {0, 1, 2}. 

  

 
 

Figure 2. A 3 x 3 Latin square 

 

Two Latin squares are said to be orthogonal if each 
pair of elements occurs exactly once when each square 
is combined entry by entry. Figure 3 depicts the 
combination of two orthogonal 3x 3 Latin Squares. 

 
 

Figure 3. Two orthogonal 3x3 Latin square and 
the resulting combined square  

 
 If indexes are added to the r (ows) and the c 

(olumns) of the matrix, each position in the matrix can 
be described as a tuple < r; c; zi >, where zi represents 
the values of the < r; c > position. Figure 4 contains the 
indexed Latin Square from Figure 2.  

 

 
 

Figure 4. Two ortogonal 3x3 Latin square 
augmented with coordinates 

 
Figure 5 depicts the resulting set of tuples from the 

consideration of row, column and the values. Here, it 
should be noted that all tuples satisfy pair-wise 
coverage [12].  Interested reader can visit Sloan’s 
website [13] for a predetermined OA of various size. 
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Figure 5. Tuples from two orthogonal 3x3 
Latin squares that satisfy pairwise coverage 

 
In order to understand the OA strategy using Latin 

square, it is necessary to generalize its essence. Here, 
for N (number of variables, each with N parameters), 
there is a need for to identify (N-2) distinct Latin 
squares. To identify N-2 distinct Latin square is 
straightforward for small values of N. However, if N is 
large (e.g. for N=23, we 21 distinct Latin squares), the 
generation of distinct Latin squares can be 
painstakingly difficult. In order to alleviate some of the 
abovementioned difficulty, we propose to a strategy 
that generates optimal number of test set when the 
number of parameters equal to number of variables, 
and both are primes numbers. 

 
3. Proposed Strategy 
 

In this section, we present a straightforward strategy 
that generates optimum test cases when N is a prime 
number.  The strategy employs three nested loops. The 
n loop counts the number test case for each variables 
(i.e. equals to N), while i loop counts N test case for 
each n variables.  Here, the j loop fills the parameter 
values, that is, for each j loop a test case is generated to 
cover N*N=N² test cases.  

 
       for (int n=0;n<N;n++)  
        begin 
          for(int i=0;i<N;i++)  
           begin 
               for (int j=0;j<N;j++)  
                begin 
                  fill test case with ((n+(i*j))%N); 
              end 
             display and store the generated test set 
          end 
      end 

 
Figure 6. Pseudocode of the proposed 

strategy 
 

As a demonstration, applying the proposed strategy 
for N=3 results into the test set given in Figure 7. 

 

 
 

Figure 7. Resulting optimum pairwise test set 
 

4. Discussion and Conclusion 
 
A straightforward optimum pairwise test strategy 

that generates optimal number of test set is presented. 
As seen in figure 7, the proposed strategy also gives 
optimum test set as OA strategy based on Latin square 
(seen in figure 5). Also, it can be observed that the 
strategy also gives a different set of test that also 
provides pairwise coverage. Unlike OA strategy, the 
proposed strategy also does not require any storage at 
all.   

However, the proposed strategy is not without 
limitation. It is restricted to the condition when the 
number of parameters equal to number of variables, 
and both are primes numbers. As a scope of future 
work, we are currently implementing a generalized 
version of the strategy to support variable number of 
parameters. 
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