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Abstract

Pair-wise or two-way interaction testing requires that
for a given numbers of input parameters to the system,
each possible combination of values for any pair of pa-
rameters be covered by at least one test. Empirical re-
sults show that pair-wise testing is practical and efficient
for various types of software systems [1]. The problem
of generating a minimum test set for pair-wise testing is
NP-complete [3]. In this paper, we propose a test set gen-
eration strategy for pair-wise testing when all parameters
can take same values. Our strategy is better than those in
[3] and “AETG” [1], in terms of the number of tests.

1 INTRODUCTION

Software testing is expensive and time consuming. Given
the different input parameters with multiple possible val-
ues for each parameter, performing exhaustive testing
which tests all possible combinations is practically im-
possible. Generating an optimal set of tests which will
effectively test the software system is therefore desired.
Pair-wise testing is known for its effectiveness in differ-
ent types of software testing [1]. To illustrate the concept
of pair-wise testing, consider a system with three two-
valued parameters, i.e., parameterA has valuesA1 and
A2, parameterB has valuesB1 andB2, and parameter
C has valuesC1 andC2. For parametersA, B andC,
{(A1, B1, C2), (A2, B1, C1), (A1, B2, C1), (A2, B2, C2)}
is the only pair-wise test set of size4.

2 MAIN RESULTS

In this section, we first consider the case where each pa-
rameter takes only two values. Suppose one has strings
consisting of zeros and ones which all have the same
length2k − 1. Let us define the weight of a string to
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be the number of ones in it. LetS2k−1 be the collection
of all binary strings of length2k − 1 and weightk. Note
that

|S2k−1| =
(

2k − 1
k

)
.

For example, here is the10 strings ofS5:

0 0 0 0 1 1 1 1 1 1
0 1 1 1 0 0 0 1 1 1
1 0 1 1 0 1 1 0 0 1
1 1 0 1 1 0 1 0 1 0
1 1 1 0 1 1 0 1 0 0

Pick any two strings (i.e. columns), say the first and the
last. Each of these three combinations(0 1), (1 0) and
(1 1) does appear at least once. Thus, if one appends a0
at the bottom of each string ofS2k−1, then it is possible
to conclude that each of the four possible combinations
(0 0), (0 1), (1 0) and(1 1) appears at least once in each
pair of strings.

Algorithm:
Input: Number of parametersn.
Output: A test set.

1. Compute smallestk such thatn ≤ (
2k−1

k

)
.

2. Choose anyn strings fromS2k−1.

3. Append one zero at the end of each chosen string
to get a test set of size2k.

End Algorithm

Example 1 Let n = 9. Thenk = 3 and a test set of
size 6 is {(0 0 0 0 1 1 1 1 1), (0 1 1 1 0 0 0 1 1),
(1 0 1 1 0 1 1 0 0), (1 1 0 1 1 0 1 0 1), (1 1 1 0 1 1 0 1 0),
(0 0 0 0 0 0 0 0 0)}. Note that this set is obtained by
choosing the first nine strings fromS5.

Now we consider the case where each parameter takes
more than two values. Our technique is based onMu-
tually Orthogonal Latin Squares(MOLS). The use of
MOLS have been considered in the past by Mandl [4]
for pair-wise testing in compiler designs.
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A latin square of sizen is an array ofn copies of each
of n different objects (typically the latin letters A, B, C,
. . .) so that all the objects in any row, and all the objects
in any column, are different. Two sizen latin squares,
one with objects A, B, C,. . ., and one with objects a,
b, c,. . ., are orthogonal if superimposing them leads to a
square array containing alln2 possible pairs (A,a), (A,b),
. . ., (B,a), (B,b),. . .. It is known that if,n is prime, then
one can constructn−1 MOLS. For example, two MOLS
of size3 are shown below.

0 1 2 0 1 2
1 2 0 2 0 1
2 0 1 1 2 0

So what happens with the other sizes? LetL(n) be the
number of MOLS that exist of sizen. It is known that,
L(n) is at mostn − 1, and this upper bound can be at-
tained for primes and powers of primes.

If there arek (k − 1)-valued parameters, thenk − 2
MOLS of sizek − 1 are required. With a set ofk − 2
MOLS of sizek − 1, two parameters take their values
from row and column indices, and the remaining param-
eters take their values from the ordered(k − 2)-tuple
formed from the superimposed squares. For example,
4 3-valued parameters required two MOLS of size3 as
shown above. Superimposing these two MOLS we ob-
tain:

(0, 0) (1, 1) (2, 2)
(1, 2) (2, 0) (0, 1)
(2, 1) (0,2) (1, 0)

The highlighted entry represents the test configuration
(2, 1, 0, 2): row label 2, column label1, entry (0, 2).
Note that we label the rows and columns with0, 1, 2 in-
stead of1, 2, 3. Continuing in this way for other entries
we get the following test set for4 3-valued parameters:
{(0 0 0 0), (0 1 1 1), (0 2 2 2), (1 0 1 2), (1 1 2 0) (1 2 0 1)
(2 0 2 1) (2 1 0 2) (2 2 1 0)}. Can one construct a test
set for, say,16 3-valued parameters, using above test set
for 4 3-valued parameters? The answer is yes. We now
illustrate it. For convenience of the discussion we con-
struct a matrixA by considering the test configurations
as the rows of the matrixA. LetAi be thei-th column of
the matrixA. For example, considering above test set we
getA1 = (0 0 0 1 1 1 2 2 2)T , A2 = (0 1 2 0 1 2 0 1 2)T ,
A3 = (0 1 2 1 2 0 2 0 1)T andA4 = (0 1 2 2 0 1 1 2 0)T .
The18 rows of the following18× 16 matrix

(
A1 A1 A1 A1 A2 · · · A4

A1 A2 A3 A4 A1 · · · A4

)

provides the complete set of test configurations for16
3-valued parameters. It is easy to check that any pair of
these columns contains all the combinations at least once.
This idea can be extended to get test set for any number
of 3-valued parameters. For example, to get test set for
64 3-valued parameters, we consider the27 rows of the
following 27× 64 matrix:




A1 A1 A1 A1 A1 A1 · · · A4

A1 A1 A1 A1 A2 A2 · · · A4

A1 A2 A3 A4 A1 A2 · · · A4




In general, to generate test set forn m-valued parame-
ters, our starting point would beL(m) MOLS of sizem.
The full table of MOLS appears in [2].

3 CONCLUSIONS

In this paper, we have proposed an efficient test gener-
ating strategy for pair-wise testing. The following ta-
ble shows the size of generated test set obtained by our
technique as well as two other methods called “AETG”
[1] and “Pair-Test” [3]. Note that our results are always
better than “Pair-Test” method and better than “AETG”
method in most cases.S1: 4 3-valued parameters,S2: 13

System S1 S2 S3 S4 S5

Pair-Test 9 17 15 40 66
Our Technique 9 18 10 32 48

AETG 11 17 12 NA NA

3-valued parameters,S3: 100 2-valued parameters,S4

andS5: 20 and100 4-valued parameters.
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