An Improved Test Generation Algorithm for Pair-Wise Testing

Soumen Maity, Amiya Nayak, Marzia Zamap, Nita Bansal, and Alka Srivastava

Abstract be the number of ones in it. L&b;,_; be the collection

of all binary strings of lengtRk — 1 and weightt. Note
Pair-wise or two-way interaction testing requires thgtat

for a given numbers of input parameters to the system, B = 2k -1
each possible combination of values for any pair of pa- et k '
rameters be covered Iby at Igast_ one te_st. Emplrlggl F5r example, here is thi) strings ofSs:
sults show that pair-wise testing is practical and efficient

for various types of software systems [1]. The problem 0000111111
of generating a minimum test set for pair-wise testing is 0111000111
NP-complete [3]. In this paper, we propose a test set gen- 1011011001
eration strategy for pair-wise testing when all parameters 1101101010
can take same values. Our strategy is better than those in 1110110100

[3] and “AETG” [1], in terms of the number of tests. . ) ) .

Pick any two strings (i.e. columns), say the first and the
last. Each of these three combinatigsl), (1 0) and

(1 1) does appear at least once. Thus, if one apperids a
Software testing is expensive and time consuming. Givghthe bottom of each string @ky.1, then itis possible

he diff : ith multiol ibl 0 conclude that each of the four possible combinations
the different input parameters with multiple possible vaE0 0), (01), (10) and(1 1) appears at least once in each

ues for each parameter, performing exhaustive testing
which tests all possible combinations is practically inf2
possible. Generating an optimal set of tests which will

effectively test the software system is therefore desirgdlgorithm:

Pair-wise testing is known for its effectiveness in diffettnput: Number of parameters.

ent types of software testing [1]. To illustrate the conce@lutput: A test set.

of pair-wise testing, consider a system with three two- o1
valued parameters, i.e., parametehas valuesd; and 1. Compute smallest such that < (*,).
Ao, parameterB has valuesB; and B;, and parameter
C has valueg”; andC5. For parameters!, B andC,
{(A1,By,C5), (A2, B1,C1), (A1, B2, C1), (A2, B2, C2)} 3. Append one zero at the end of each chosen string
is the only pair-wise test set of size to get a test set of sizdk.

1 INTRODUCTION

air of strings.

2. Choose any: strings fromSsy,_ 1.

End Algorithm
2 MAIN RESULTS

) ) : ) Example 1 Letn = 9. Thenk = 3 and a test set of
In this section, we first consider the case where each Bfe 6 is {000011111), (01110001 1)

rameter takes only two values. Suppose one has strir@gg 1101100),(110110101),(111011010)
consisting of zeros and ones which all have the SaMeo 00000 00)}. Note that this set is obtained by
length2k — 1. Let us define the weight of a string tQ:hoosing the first nine strings fros.
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A latin square of size is an array of: copies of each provides the complete set of test configurations fér
of n different objects (typically the latin letters A, B, C3-valued parameters. It is easy to check that any pair of
...) so that all the objects in any row, and all the objectiese columns contains all the combinations at least once.
in any column, are different. Two size latin squares, This idea can be extended to get test set for any number
one with objects A, B, C,.., and one with objects a,of 3-valued parameters. For example, to get test set for
b, c,..., are orthogonal if superimposing them leads toéd 3-valued parameters, we consider #t¥erows of the
square array containing alf possible pairs (A,a), (A,b), following 27 x 64 matrix:
..., (B,a), (B,b),.... Itis known that if,n is prime, then

one can construet— 1 MOLS. For example, two MOLS Ay Ay A A A A Ay
of size3 are shown below. Ay A A AL Ay Ay - Ay
A Ay Ay Ay A Ay - Ay
012 012
120 201 In general, to generate test set forn-valued parame-
201 120 ters, our starting point would b&(m) MOLS of sizem.

The full table of MOLS appears in [2].
So what happens with the other sizes? Lét) be the
number of MOLS that exist of size. It is known that, 3 CONCLUSIONS
L(n) is at mostn — 1, and this upper bound can be at-

tained for primes and powers of primes. In this paper, we have proposed an efficient test gener-

If there arek (k — 1)-valued parameters, thén— 2 ating strategy for pair-wise testing. The following ta-
MOLS of sizek — 1 are required. With a set df — 2 ble shows the size of generated test set obtained by our
MOLS of sizek — 1, two parameters take their value&echnique as well as two other methods called “AETG”
from row and column indices, and the remaining parard] and “Pair-Test” [3]. Note that our results are always
eters take their values from the orderéd_ 2)_tup|e better than “Pair-Test” method and better than “AETG”
formed from the superimposed squares. For exampRethod in most cases : 4 3-valued parameterSs: 13
4 3-valued parameters required two MOLS of sizas

shown above. Superimposing these two MOLS we ob- System S1 |52 | S3 | Sa | S5
tain: Pair-Test 9 | 17| 15| 40 | 66
Our Technique| 9 | 18 | 10| 32 | 48
(0,0) (1,1) (2,2) AETG 11 [ 17 | 12| NA | NA

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

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

3-valued parametersys: 100 2-valued parameters,
The highlighted entry represents the test configuratingSS: 20pand100 4-€;Iued parametersF.) *

(2,1,0,2): row label 2, column labell, entry (0, 2).
Note that we label the rows and columns withl, 2 in-
stead ofl, 2, 3. Continuing in this way for other entriesReferences

we get the following test set fat 3-valued parameters:
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illustrate it. For convenience of the discussion we con-
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as the rows of the matriX. Let 4; be thei-th column of book of Combinatorial Design, CRC Press, 1996.

the matrixA. For example, considering abovetestsetvygl Lei, Y and Tai, K. C., In-Parameter-Order: A

getAd; = (000111222)7, A, =(012012012)7, Test Generating Strategy for Pairwise Testilif E

A3=(012120201)7 andA; = (01220112 0)". Trans. on Software Engineering002, 28 (1), 1-3.
The 18 rows of the followingl8 x 16 matrix

[4] Mandl, R., Orthogonal Latin Squares: An Applica-
A Ar A A Ay e Ay tion of Experimental Design to Compiler Testing,
Ay Ay A3 Ay A - Ay Comm. ACM 1985, 28 (10), 1054-1058.

Copyright 2003 Chillarege Press Fast Abstract ISSRE 2003



