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Abstract

This special project proposes a new approach to pair-wise testing called a binary transformation.
The new approach transforms a non-binary input parameter into a binary parameter to be suitable for any
test cases generation algorithm of pair-wise testing. The new approach eliminates the restriction of
algebraic algorithm that requires some specific pattern of inputs. This special project uses the algebraic
binary parameters test cases generation to generate test cases after transforming of input parameters. In
order to evaluate the used of this approach, we did the experiment with some problems and compare the
result with others approaches and the exhaustive testing. The result of this approach when compare with
the exhaustive testing, the number of test cases is less than the exhaustive testing and the coverage of this
approach is more than 50% from the exhaustive testing. However, when compare with others pair-wise

testing approaches,t he number of test cases is sometime up to twice of the others approaches.
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Chapterl

Introduction

1.1 Problem Statement

In software development,s oftware testing is one of most important part which plays the role to
ensure that software working properly. Software testing is very expensive and time consuming in order to
perform combination testing despite to the large number of test cases. To eliminate this problem,
computer scientists come up with many methods and techniques. One of those is pair-wise testing.P air-
wise testing states that fault would occur only when 2 parameters interacted. Although pair-wise testing
principle is very simple. To generate test cases that satisfy with the principle is not simply since most
software has huge number of parameters. Computer scientists developed methods and techniques to
generate test cases. Those methods and techniques can be classified into 2 approaches. One is
computational approaches and the other is algebraic approaches.

Computational approaches iteratively search the combinations space to generate the required test
cases until all pairs have been covered. The computational approaches can be applied to arbitrary system
configurations.N evertheless,i n the case where the number of pairs to be considered is significantly large,
adopting computational approaches can be expensive due to the need to consider explicit enumeration
from all the combination space.

Algebraic approaches construct test sets using pre-defined rules.M ost algebraic approaches
compute test sets directly by a mathematical function. Thus,t he computations involved in algebraic
approaches are typically lightweight,a nd in some cases,a Igebraic approaches can produce the most
optimal test sets. However, algebraic approaches often impose restrictions on the system configurations to
which they can be applied. The main restriction that cause inflexible of algebraic approaches to generate a
set of test is the input parameters and possible values of parameters have to match with the approaches.
The computer scientists solve the restriction by inventing the method with more complexity and even give
a low coverage when compare to exhaustive testing.I n this paper,w e propose a new approach to

eliminate this restriction by transforming the input parameters into binary parameters to be suitable with



the specific algebraic approach. This new approach would promise to give a high coverage and optimal

number of test cases when compare to others approaches or the exhaustive testing.

1.2 Objective
The objective of this special project is to propose an approach that eliminates the restriction of the
input for algebraic approaches. The new approach would promise to give a high coverage over other

approach and the less number of test cases than the exhaustive testing.

1.3 Scope of Study

The scope of this special project is to propose a new approach that transforms the non-binary
parameters into binary parameters and generate a set of test cases using binary parameters approach to
pair-wise test cases generation. The proposed approach can be applied to any problem.I n order to evaluate
the used of the approach,w e did the experiment and use the result to compare with others approaches and
the exhaustive testing. The result of the experiment will illustrate the difference between those approaches

and the proposed approach.

1.4 Organizations
The rest of this special project consists of 4 chapters as follow:
Chapter 2 provides background of pair-wise testing and the current approaches.
Chapter 3 provides the algorithm of the proposed method.
Chapter 4 gives details of experiments.

Chapter 5 gives conclusion and recommendation.



Chapter 2

Background

2.1 Pair-wise testing

A set of possible inputs for any nontrivial piece of software is too large to be tested exhaustively.
Techniques like equivalence partitioning and boundary-value analysis help convert even a large number of
test levels into a much smaller set with comparable defect-detection power. Still i f software under test
(SUT) can be influenced by a number of such factors,e xhaustive testing again becomes impractical.

Over the years,a number of combinatorial strategies have been devised to help testers choose
subsets of input combinations that would maximize the probability of detecting defects: random testing,
each-choice and base-choice,a nti-random and finally t-wise testing strategies with pair-wise testing being
the most prominent among these.

Pair-wise testing can be defined as follows:

Given a set of N independent test factors: f, f,, ..., fy, with each factor f having L,
possible levels: £ = {11, ..., LLL.},a set of tests R is produced.E ach test in R contains N test
levels,on e for each test factor f,,a nd collectively all tests in R cover all possible pairs of test
factor levels (belonging to different parameters) i.e.f or each pair of factor levels 1, and 1, where

1<p<L,1 <q< Lj , and i # j there exists at least one test in R that contains both li‘p and lj‘q.

2.2 Approaches to pair-wise testing

2.2.1 Computational Approaches

Computational approaches often rely on the generation of the all pair combinations.
Based on all pair combinations,t he computational approaches iteratively search the combinations
space to generate the required test case until all pairs have been covered. A
2.2.1.1 AETG
A test tool called Automatic Efficient Test Generator (AETG) was created at
Bellcore (now Telcordia). Burroughs,J ain, and Erickson [11] and Cohen, Dalal,K ajla,

and Patton [1] report on the use of a tool called Automatic Efficient Test Generator



(AETG), which contains an algorithm for generating all pair-wise combinations. Cohen
later described a heuristic greedy algorithm for achieving t-wise coverage, where t is an
arbitrary number. Figure 1 shows an instance of the algorithm that will generate a test

suite to satisfy pair-wise coverage.

Assume test cases t -t already selected
Let UC be a set of all pairs of values of any two parameters that are
not yet covered by the test cases t,- t. |
A) Select candidates for t, by
1) Selecting the variable and the value included in most pairs
in UC.,
2) Making a random order of the rest of the variables.
3) For each variable,i n the sequence determined by step two,
select the value included in most pairs in UC.
B) Repeat steps 1-3 k times and let t. be the test case that covers the
most pairs in UC.R emove those pairs from UC.

Repeat until UC is empty.

Figure 1: AETG heuristic algorithm for achieving pair-wise coverage

2.2.1.2 In Parameter Order (IPO)

For a system with two or more parameters,t he in-parameter-order (IPO)
combination strategy [3,4 ] generates a test suite that satisfies pair-wise coverage for the
values of the first two parameters. The test suite is then extended to satisfy pair-wise
coverage for the values of the first three parameters,a nd continues to do so for the values
of each additional parameter until all parameters are included in the test suite.

To extend the test suite with the values of the next parameter,t he [PO strategy
uses two algorithms. The first algorithm, horizontal growth,a s shown in figure 2, extends

the existing test cases in the test suite with values of the next parameter The second



algorithm,v ertical growth,a s shown in figure 3,c reates additional test cases such that the

test suite satisfies pair-wise coverage for the values of the new parameter.

Algorithm IPO_H (T, P)
{

Let Tbe a test suite that satisfies pair-wise coverage for the values of parameters P,

1o p,,.
Assume that parameter p; contains the values v, Varen s Vg
TU= { pairs between values of p; and values of p, to p, ,}
if(|TISq)

{

for 1 £j <|T|,e xtend the jth test in T by adding value v, and remove from

TU pairs covered by the extended test.

}

else

{
for 1 <j < q,e xtend the jlh test in T by adding value v; and remove from TT
pairs covered by the extended test
for q<j <| T, extend the jlh test in T by adding one value of p, such that
the resulting test covers the most number of pairs in T{,a nd remove from
TU pairs covered by the extended test

}

Figure 2: IPO_H An algorithm for horizontal growth of a test suite by adding values for new parameter:



Algorithm IPO_V (T, TT)
{
Let T be an empty set
for each pair in TT
{
assume that the pair contains value (1) of Pl Sk<i,and value U of p;
if (T contains a test case with “-” as the value of p, and u and the value of p)
modify this test case by replacing the “-” with (1)
else
add a new test case to T that has () as the value of p,» U as the value
of p,,a nd - as the value of every other parameter;
}
T=TUT
}

Figure 3: IPO_V An algorithm for vertical growth of a test suite by adding values for new parameters

2.2.2 Algebraic Approaches
Algebraic approaches construct test sets using pre-defined rules.M ost algebraic
approaches compute test sets directly by a mathematical function.
2.2.2.1 Two-valued Parameter
The method to generate a set of test cases for two-valued parameter problems
was introduced by Maity, Nayak, Zaman, Bansal,a nd Srivastava [12].

Suppose one parameter has strings consisting of zeros and ones. And number of

parameter is 2k - 1.L et us define the weight of a string to be the number of ones in it.

Let S, , be the collection of all binary strings of length 2k -1 and weight k. And

|Speq| = (Ekk— 1)



For example,t he 10 strings of S,:

Figure 4: the 10 strings of S,

If one appends a 0 at the bottom of each column of S2, .t hen it is possible to
conclude that each of the four possible combinations (0 0),(01),(10)and (1 1) appears
at least once in each pair of column and satisfies pair-wise.

Algorithm:

Input: Number of parameters n.

Output: A test set.

1.C ompute smallest k such that n < (zk,; 9
2.C hoose any n strings from S, .

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

of size 2k.

End Algorithm.

Example: Suppose the problem has 5 Parameters and each of them has 2 values

as follow:
Table 1: List of parameters for the example
Parameters Name Values
1 Operation {Create, Show}
2 Name {Empty, Non-Empty}
3 Symbol {Empty, Non-Empty}
4 Atomic Number {Invalid, Valid}

5 Properties {Empty, Non-Empty}




Step 1: Compute smallest k such that n < (:"‘—1)

Step 2: Choose any n strings from S

For k=3, S, = 10 and for k=2, S; = 3. Hence the desired integer k=3.

0 o0
0 1
1 0
1 1
1 1

2%&-1"

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

Figure 5: Show the selected sub strings

Step 3: Append one zero at the bottom of each chosen string to get a test set of

size 2k.

0 o
0 1
1 0
1 1
1 1
0 0

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

Figure 6: Show the selected sub strings after appended the last

Table 2: The test cases after replaced ones and zero with values

1 2 3 4 5
Create Empty Empty Invalid Non-Empty
Create Non-Empty | Non-Empty Valid Empty
Show Empty Non-Empty Valid Empty
Show Non-Empty Empty Valid Non-Empty
Show Non-Empty | Non-Empty Invalid Non-Empty
Create Empty Empty Invalid Empty




The set of test cases is the set of all rows. For the example the set of test cases

consists of 6 cases which are all rows of table 2.

2.2.2.2 Orthogonal Arrays (OA)

Orthogonal Arrays is a mathematical concept that has been known for quite
some time. The application of orthogonal arrays to testing was first introduced by Mandl
(8] and later more thoroughly described by Williams and Probert [10].

The foundation of OA is Latin Squares. 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.F igure 7

contains an example of a 3 x 3 Latin Square with the symbols {1,2 ,3 }.

1 2 3
3 1 2
2 3 1

Figure 7: A 3 x 3 Latin Square

Two Latin Squares are orthogonal if, when they are combined entry by entry,
each pair of elements occurs precisely once in the combined square.F igure 8 shows an

example of two orthogonal 3 x 3 Latin Squares and the resulting combined square,

1 2 3 1 2 3 1,1 2,2 3,3
3 1 2 2 3 1 3,2 1,3 2,1
2 3 1 3 1 2 2,3 3,1 1,2

Figure 8: Two orthogonal 3 x 3 Latin Squares and the resulting combined square

If indexes are added to the rows and the columns of the matrix,e ach position in
the matrix can be described as a tuple <x,y , z,>, where z represents the values of the <

X,y > position. Figure 4 contains the indexed Latin Square from Figure 9 and Figure 10



contains the resulting set of tuples. The set of all tuples constructed by a Latin Square

satisfies pair-wise coverage.

Coordinates 2
1 2
2 1
3 3

Figure 9: A 3 x 3 Latin Square augmented with coordinates

tuple Tuple <xyz >
1 111
2 123
3 132
4 212
5 221
6 233
7 313
8 322
9 331

10

Figure 10: Tuples from the 3 x 3 Latin Square that satisfies pair-wise coverage

To illustrate how orthogonal arrays are used to create test cases, consider a test
problem with four parameters a,b , c,a nd d, where three values have been chosen as

interesting for all parameters.

The orthogonal arrays that match with problem consist of nine runs as it shown

as follow.
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a b c d
1 1 1 1 1
2 1 2 2 3
3 1 3 3 2
4 2 1 2 2
5 2 2 3 1
6 2 3 1 3
7 3 1 3 3
8 3 2 1 2
9 3 3 2 1

Figure 11: The set of test case for the example problem

A test suite based on orthogonal arrays satisfies pair-wise coverage, even after
undefined values have been replaced and possibly some duplicate tuples have been
removed. This means that the approximate number of test cases generated by the
orthogonal arrays combination strategy is vzmu, wherev_ = MaxNi_lvi, N is the number

of parameters, and v, is the number of values of parameter i.W illiams and Probert [10]

give further details on how test cases are created from orthogonal arrays.



Chapter 3

A Binary Transformation Approach

In this chapter, we propose an approach which transforms possible values of all parameters in the
original problem to be a binary parameter that consist of zero and one where zero represent that the
possible is not used for the test case and one represent that the possible values is used for the test case.
After the transformation of parameters,w e can apply binary parameters test cases generation but we need

to adapt the technique to match our problem. All of the step would show as follow.

Step 1: Prepare Input Parameters

Let N be a set of parameters for any problem and consists of parameter X Xppeer s X
For each parameter X, contains L, possible values.S uch that L, consistof 1, 1,,..., I
A new set of parameters is created by transforming every value of L, for each X into
binary parameter. That give a number of new parameter set is number of all possible values in N.
For example,
Given a set of test parameter contains 3 parameters X, Xpand X,
X, contains 2 possible values A and B.
X, contains 3 possible values C, D, E.
X, contains 4 possible values F, G, H, I.
Transforming all possible values for each parameter into binary parameters consist of

zero and one. We get a new set of test parameters which consists of 9 parameters {A, B,C, D, E,

F,G,H,1}.

Step 2: Construct Binary Strings

Construct a binary strings which |S,, | > number of parameters with respect to the new

set of input parameters.
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From the example in Step 1,
The number of input parameters = 9. Then we use S, = 10 and k = 3.W e can use
the binary strings in Figure 11.

0 0 0 0 1 1 1 1 1 1

Figure 12: The constructed binary strings

Step 3: Select sub binary strings and index each column with input parameters

Select any sub binary strings which number of column equal to number of parameters.
After selected sub binary string, we do not need to append the row of zero at the bottom since
zeros is used to represent that the parameter is not used in the test case. Then we index each
column with each parameter.
From the example in Step 1,
There are 10 difference sub binary strings that can be selected.] n this case,w e
select the first ninth column and index each column with the parameters.

A B CDETVF GH I

R, 00 0 0 1 1 1 1 1
R, 0 1. 1.1 00 0 1 1
R, 1 0 1 1 0 1 1 0 0
R, 1.1 0 1 10 1 0 1
R, 1 1 1.0 11 0 1 0

Figure 13: table of sub binary after index each row and column

Step 4: Generate test cases

To generate a set of test case, first we generate candidate test cases for every row. In

order to generate candidate test cases for each row, we need to consider with the original problem.
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Since the possible values of each parameter in the original problem can occur only one. (Two or
more possible cannot be occur at the same time) Then we generate the candidate test for each row
using permutation and consider with the original problem.
After we obtain all candidate test cases, we eliminate the duplicate test cases.( If we
consider it as set,w e union the set of all rows) Finally,w e get the set of test cases.
From the example Step 1,
We can generate candidate test cases as follow.
R, cannot generate any test case because there is no valid number with respect to
A and B which from the first parameter X, in the problem.
R, = {BCH, BCI, BDH, BDI}
R, = {ACF,A CG, ADF,A DG}
R,={ADG, ADL,A EG, AEL, BDG, BDI, BEG, BEI}

R, = {ACF,A CH, AEF, AEH, BCF,B CH, BEF, BEH}

The result of the example in Step 1,
A set of test case = {BCH, BCI, BDH, BDI, ACF,A CG, ADF, ADG, ADI,
AEG, AEI, BDG, BEG, BELA CH, AEF, AEH, BCF, BEF, BEH}

Number of cases = 20 cases.



Chapter 4

Evaluation

4.1 Problems for experiment
Given 3 problems such that problem 1 has 3 parameters where 2 parameters with 2
possible values and 1 parameter with 4 possible values. Problem 2 has 3 parameters where 2
parameters with 3 possible values and 1 parameter with 4 possible values.P roblem 3 has 4
parameters where 2 parameters with 2 possible values,] parameters with 3 possible values, and 1

parameters with 4 possible values.

Table 3: The details of experiment problems

Problem 1 Problem 2 Problem 3
Number of 2 valued parameters 2 0 2
Number of 3 valued parameters 0 2 1
Number of 4 valued parameters 1 1 1
Total number of parameters 3 3 4

The given problems cannot be solved using two-valued parameter method or orthogonal
arrays. Anyway,t he given problems can be used the computational approaches to generate a set

of test cases.

4.2 Experiment result and evaluation

4.2.1 Coverage

To measure coverage of the set of test cases,w e measure by compare with the exhaustive

testing. W e also compare with the computational approaches to illustrate the difference.



Table 4: The coverage of each method

Problem 1 Problem 2 Problem 3
The Proposed Method 87.5% 69.4% 64.6%
Computational Approaches 56.3% 36.1% 25.0%
Exhaustive Testing 100% 100% 100%

16

From the experiment result,u sing the proposed method to generate a set of test cases and

use the test cases to test the problem,w e can ensure that the faults would be discovered more than

60% of all possible combination cases.

4.2.2 Number of test cases

The coverage is calculated from the number of test cases and compare with the

exhaustive testing. The numbers of test cases are shown as follow.

Table 5: The number of test cases for each method

Problem1 | Problem2 | Problem3
The Proposed Method 14 25 31
Computational Approaches 9 13 12
Exhaustive Testing 16 36 48

From table 4,t he proposed method cannot give the optimized pair-wise test cases.

However the number of test cases that the proposed method gives is less than the exhaustive

testing.
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Chapter 5

Conclusion and Recommendation

5.1 Conclusion

Algebraic approaches to generate a set of pair-wise testing often comes restrictions. The
important restriction is algebraic approaches can solve only some specific pattern of problem.I n order to
eliminate this problem, we proposed the method that applied the input problem to match the pattern
restriction by transforming the input problem into binary problem and use two-valued pair-wise testing to
generate a set of test cases. The proposed method overcomes the restriction since the proposed method can
be applied to any problem. The advantage point of the proposed method is the coverage of a set of test
cases which can used to guarantee the percentage of error that can be discovered. However, the proposed
method give more test cases when compare to other methods or approaches which aim to give the
optimize number of test cases with only satisfy pair-wise coverage. Other disadvantage point of the
proposed method is non-deterministic.B ecause the number of test cases and coverage can be vary due to
the constructed binary strings and/or the selected sub binary strings that used to generate the set of test

cases.

5.2 Recommendation

This paper only proposed the method that transforms the input problem to the binary problem.
The recommendation would be about the other method to apply the input problem for overcoming the
restrictions such as applying the input problem to interval problem or fuzzy set. This recommendation
might give an idea to apply some other test cases generation method that might give the better result either

on coverage or number of test cases.
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