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Failure in software can cause serious damage and because of this it is essential to test 

the software thoroughly. Software testing is the activity to find the defects in the 

components or systems. The main problem in software testing is to test the system 

exhaustively as it is impossible to do so. To reduce the test cases generated during 

testing process, combinatorial algorithtns which consisting llill Climbing algorithm and 

T Way Combination algorithm as described in twayGenerator (Kamal Zuhairi Zamli, 

2007) have been studied and reviewed. The actual in1plementation of the algorithm 

which is in java programming language, the program is implemented on Net Bean 7.0.1. 

Assumptions have been made for the program. Several experiments were conducted 

included demonstrating the correctness of the algorithms, demonstrate PTCA successful 

in reducing test suite size, and benchmarking PTCA against existing strategies in order 

to prove PTCA achieved its objectives. Based on the experimental results, PTCA has 

successful in reducing the test size. 

\. 



VI 

Kegagalan dalam pens1an boleh menyebabkan kerosakan yang senus dan ini 

menyebabkan untuk menguji perisian dengan sempurna adalah penting. Pengujian 

perisian adalah aktiviti untuk mencari kecacatan dalam komponen atau sistem. Masalah 

utama dalam menguji perisian adalah untuk menguji sistem secara menyeluruh kerana 

untuk berbuat demik:ian adalah mustahil. Untuk mengatasi n1asalah tersebut, satu kajian 

yang mengabungkan Algorithma Pendalaan Bulat dangan Pengujian t-hala telah 

dijalank:an. Kajian ini, dilaksanakna dalam Bahasa programing java dengan 

mengunakan Net Bean 7.0.1, sebagai alat perlaksanaa. Selepas kajian ini lengkap, 

beberapa percubaan telah dijalankan untuk n1emastikan kajian ini mencapai objektif­

objektifyang telah ditentu dalam kajian ini. Keputusan percubaan tersebut telah butikan 

bahawa PTCA mencapai objektif yang telah ditentung pada awal kajian, iaitu 

mengurangkan saiz test cases. 
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Software testing is a process of investigate, detect, and found error or bug exist 

in a software is a process of validation and verification of system (Morgan P. 

Samaroo, A. Thompson, G. William, 2010). Software testing work in systematically 

to explore every possible con1ponents, systen1s, or flow for the purpose to found or 

detect the error exist in the system (Morgan P. Samaroo, A. Thompson, G. William, 

2010). 

Best practice in software is a much to develop a quality system, because best 

practice of software testing able to minimal the failure of system and it also help to 

maintain systetn marketing value. (Graham, D., Black, R., Van, V.E and Evans, 

2006) Although testing make quality, but software testing is only can found the 

existing error but not to produce error -free system, due to this a error-free system is 

almost impossible because exhausting testing, test for every single components in 

system is impossible. Exhausting testing is impossible is impossible because it n1ay 

cost a huge among of money and it also take long period to complete. 

So~1are testing is necessary in a system development although software testing 

may cost a high budget, but a good quality system is needed to reduce system failure, 

because failure of system may cost higher profit loss than expected, is n1ay cause 

damage of building, or human life. (Bryce, R.C and Colboum, C.J., 2006) To avoid 

the unexpected effect from bad quality system failure, developer is trend to spend 

for testing process. 

Due to the highly cost of testing process, both developer and stake holder are 

wish to have a n1ost efficient software testing processing, which will cost n1inimal 

and found 1naximum defect. 

there are a lot of to the operation system failure. 

example, European Space Agency Ariane 5 incident in 2006, 
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(LIONS, 1996) was causes by the software error on floating point overflow this 

incident was cost up to $500 million. Another incident was happen in November 

2005, the United Kingdom top 10 most wanted criminals in the website was forced 

to be offline due to exceeding user access. All of the above failures are due the 

insufficient of software testing; these incidents den1onstrate the impotiant of a good 

software testing. 

For the above reason, a new methodology of test case generator has been 

implemented, t-way testing method. T -way testing is a method to reduce the number 

of general the test cases by compromising the interaction strength. (Zamli, K. Z., 

Othman, R. R. and Zabil, M. H. M., 2011) 

1.2 Problem Statement 

Nowadays, structure of software became complex, huge data included, and 

tnultiple functions. The trend of sofrware developn1ent is challenging the software 

tester on software testing process. Increase of size, complex, and function defmitely 

will give challenge to being best practice of software testing. The increase of 

parameter and data will increase the nmnber of test cases, and indirectly it also 

increase in cost, as mostly systems are money oriented so this trend should be avoid. 

In most of the system, there are multiple data in a function and these functions 

are combining together to form a work system. In this case, testers are requiring 

writing test cases follow the possible combination of data exists in the system. 

This combination of data might be huge and it may reduce by certain method. 

One of the exist method to reduce the number of test cases produce was T-way 

strategic, a strategic that delete redundancy combination data by it specific 

n1ethodology. 
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This research thesis is aim to develop an alternative flo-vv test data generation for 

co1nbination testing. Based on this air11, there are three objectives: 

1. To develop a prototype to implement the Hill Climbing algorithm for 

generating of test input data. 

2. To investigate the correctness of the Hill Climbing algorithm 

ilnplementation. 

3. To evaluate the performance in term of test size against other existing 

pairwise testing strategies 

1 .. 4 Research Scope 

This research thesis will cover the studies of Hill Climbing Algorithm and 

pairwise testing strategies. The rnain focus will be on the strategies to reduce test 

suite size using pairwise testing technique and hill climbing algorithm with achieve 

of full coverage. NetBeans IDE 7.0.1 was used to develop this prototype. 

1.5 Thesis Organization 

This thesis consists of 7 chapters, every chapter cover specific issue of the 
research. 

Chapter 1 is Introduction; in chapter 1 will cover the general view about this 
research. For example, introduction, problem statement, objective, and research 
scope, are all included in the chapter 1. 

Chapter 2 is the Literature Review; in chapter 2 all related issue with the 
research will be discuss here. In additional, chapter 2 will review on the existing 
n1ethod. 

Chapter 3 is Methodology; in chapter 3 the flo\v of the research will be discuss 
and Gantt Chat of estimation on the date will be attach too to show a tangible 
planning of work flow. 

Chapter 4 is about design, in design stage detail design of the thesis 
prototype will plan and show. The algorithm of how the prototype flow and function 
will be fully describe in this chapter. 
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Chapter 5 is Implementation, in this chapter development of prototype will be 
start and done follow the design on chapter 4. The prototype developed should be 
functional to enable the next stage of research. 

Chapter 6 is Result & Discussion, in this stage a numbers of data will be tested 
with the developed prototype, and the result will be record and discuss, compare, 
and verifY with the expected result. In begin of this chapter expected result should 
be define. 

Chapter 7, Conclusion will be last and end of research, a final result of the 
research should be stated and a conclusion with detail explanation of the research 
should be written. 

1.6 Summary 

This chapter has discussed the introduction of research on Pairwise Testing 

Tools Based on Hill Climbing Algorithm. Problem statement, objective, research 

scope, thesis organization was included in this chapter. 
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2 

In Chapter 1, the importance of software testing has been discussed. Building on the 

material in Chapter 1, this chapter presents the relevant literature review survey. In 

particular, details of the test case design techniques, existing painvise testing strategy, 

covering arrays, and Java script are elaborated in order to justify the current ·work. 

2.1 Theoretical Background 

In order to highlight the cutTent work into perspective, this section describes the 

existing techniques to design the test cases. The techniques that are included in this 

section are exhausting approach, equivalence partitioning, boundary value analysis, 

decision table and pairwise testing. 

2.1.1 General Exhausting Testing Approach 

Exhausting testing was the general method on generating test cases, 
exhausting approach basically is an approach that will generate all possible test 
cases for a system. Due to this characteristic, exhausting is always impossible 
for a huge system, because it is impossible to test all combination. It is costly 
and time consuming. As example in a restaurant, there is a set menu that 
included 4 types of foods, each food has several favours. 

Table 2.1: Example of exhaustive approach. 

Input Symbolic Representation 
Burger B 
Drink D 

Ice-Cream I 
French Fries F 

Table 2.2: Possible input of example. 

Symbolic Representation Possible Input 
B B1, &B2 
D D1, &D2 
I 11, I2, & 13 

F1, F2, & F3 
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Table 2.1 and Table 2.2 is the list of the possible input for this system. 

And the numbers test cases generated should be 2*2*3*3 = 36. Table 2.3 has 

shown all the 36 possible test cases, but there is too much test cases included Lll 

this case. 

Table 2. 3: _Number of test cases generated by exhaustive approach. 

Burger Drink Ice-Cream French fries 

Bl Dl I1 Fl 
Bl D2 II Fl 
Bl Dl I2 Fl 
Bl D2 12 Fl 
Bl Dl 13 Fl 
Bl D2 13 Fl 
Bl Dl Il F2 
Bl D2 I1 F2 
Bl Dl !2 F2 
Bl D2 I2 F2 
Bl Dl I3 F2 
Bl D2 13 F2 
Bl Dl II F3 
Bl D2 Il F3 
Bl Dl I2 F3 
Bl D2 I2 F3 
Bl Dl I3 F3 
Bl D2 I3 F3 
B2 Dl II Fl 
B2 D2 II Fl 

B2 Dl 12 Fl 

B2 D2 12 Fl 
B2 Dl I3 Fl 
B2 D2 13 Fl 
B2 Dl Il F2 
B2 D2 Il F2 
B2 Dl F2 
B2 D2 I2 F2 
B2 Dl F2 

D2 I3 
Dl F3 
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B2 D2 I1 F3 
B2 Dl I2 F3 
B2 D2 I2 F3 
B2 Dl I3 F3 
B2 D2 I3 F3 

2.1.2 Equivalence Partitioning Approach 

Equivalence partitioning testing approach is a black box test cases 

approach, which means only concern on the input and output. Equivalence 

partitioning will classified into group according to specific characteristic. For 

each group, only a set of data will be tested due to the similarity of the data. For 

example: 

-5 <a< 40 

-12< b < 35 

0 < c <20 

The test cases used will be: 

Table 2.4: Test cases implement for Equivalence partitioning approach. 

. 

.· 

Test .·. -·A B c 

1 -4 -13 -1 

2 6 10 7 

3 45 50 22 

In this approach, the coverage of the flow is very small, so it is not a 

good testing approach, especiaHy for the cases that contain alternative flow. But 

approach has benefits too, example it consume least time and cost. 



After completed on the theoretical background, the followed section was surveying 

on existing pairwise strategies. 
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G2Way is one of the tools that apply pairwise testing strategy, G2Way consist of 

pair generation algorithm and backtracking algorithm (Klaib et al, 2008). Figure 2.1 

show the algotithm for pair generation for G2Way strategy. 

/tlgon1hm Pahs_Genenuion I .l 
1: begin 
·). iniwli:::e .~, =ll where SP represems the pair set 
3: le;n, = fn,.~ .... n,.,/ where n, represcms tlte mlw:s de{inedfnr each parameter, m = maximum110 t?( param~.'rers 
4: {et p-=. lPo .. pj. wltcre p represnlfS the MJNcd so qf'sers q{1·a!ut':>' dejinedfor each parameter 
5: for fm!cx=O tu 2 ''1 

- I 
6: begin 
7: iet h = hi1wry numha 

h = conHTt i111kr 10 hinarr 
8: i{Uhc!lot~l 'l'sinb=2! 
<J: h<•gill 
10: caicularc nwnberof'possib!e combinations tPC,} hNH'N'H ;he partial sers c~(mlues 
1 !: flw the .lfwred parameters 
! 2: begin 
13: rnultiply {11_,x ny) va!uesfromn, 
!-I: set the bits group fNJtWI to PC) in the index rmr to 1 
15: end 
!6: end 
17: end 
18: return sl, 
19: erul 

Figure 2.1: Algorithm for pair generation for G2Way (Klaib et al, 2008) 

Based on the figure, the loop edge for 2-way interaction will be finding first. 

Then, the index search will be performed. Considers there are 3 parameters PO, Pl, P2 

where each parameters have value 2, 3, 1 respectively, the loop search will be 7 where 

23
- 1. The index's number will be converting to binary format as in Figure 2.2. 

Figure 2.2: Example ofindex search (Klaib eta!., 2008) 

The index with two binary one's be the index set. Based on the 

example the figure above, index and 6 have two binary ones. Then, each row of 
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combination of possible painvise value is generated. There are 3 rows of possible 
paitwise cotnbination which are PO and P 1, PO and P2, and P2 and P3. 

0 3 1 1 
1 5 0 0 0 0 
) ...... 6 0 0 0 I 1 

Figure 2.3: Example ojro1v index (Klaib et al., 2008) 

Row index 0 is the combination of PO and Pl. The value for PO is 2 and the 

value for PI is 3. Thus the row index store 6 pairs of combination. For row index 1 and 

2, 2 pairs stored respectively. 

To con1plete a test suite backtracking algorithm crosses the set of pairwise in 

iterative ways to combine pairs with usual values of parameter. This algorithm will start 

to the first define values if pairs cannot be combined existed. The values in pairwise set 

deleted when the pairs are covered, all pairs are covered only if the pairwise set is 

empty. 
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Shiba et al. (2004) proposed two new· algorithms based on t\vo artificial lite 

techniques to generate test case for combinatorial testing. One of the proposed 

algoritlm1s is AETG algorithm tnodification with Genetic Algorithm (GA). 

1 nput: test :~;et 
Output A test case. 

Creme the ~nit~ai ptJt)Uiat~on i ·' of c::mdid.mcs. 
E '.i~duate J'. 
\\~hik (stopping r·ondltion is not met! , 

Select Elite conl'Jsting of c best individuat;;; fn".lm l·', 

Apply ;,·, i., r • to ind[vjdua:ls !n 1-' to c:rl'ate !' .. ,d. 

cons~st~ng of I. - "'~ J individuals. 

to l'. 
rep·!acmg the "t/or.st 1 - i< ~ individuals in f'. 

R~.:turn the best test case f(.:amd. 
End. 

f'igure 2.4: :Outline of the proposed GA (Shiba et al., 1997) 

GA impersonates the growth of single celled organism. Generally there are four 

important aspects in GA that are chromosome encoding and fitness function, se]ection, 

crossover and mutation, and GA treated a test case as a chromosome, and the fitness 

function is used to approximate the goodness of the candidate solution. Fitness function 

F(S) for a test case S is defined as the nurnber oft-way cotnbinations that covered by S 

but not covered by the given test set. Based on the algorithm shows in the figure, the 

initial population of test cases' candidate, Pis created randomly. 

The population is then evaluated. The best test case from the population is 

selected elite strategy. To the remaining test case, Selection is applied to create 
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population mating. After that, the test case in mating pool is being crossover and the 

value of a position is replaced with another value by mutation randomly. After 

crossover and mutation, the test cases in mating pool are copy to the P to replace the 

worst test case. Then, the P is evaluated again. P is mutated vastly if the stagnation 

condition is met. In this case, the stagnation condition is the generations' nun1ber that 

passes ever since the last improvement in solution. These actions are performed 

continuously until the stopping condition met. 

2.3 Summary 

This chapter has review on the existing testing theoretical background and 

general idea of pairwise testing, and existing pairwise testing strategy. 
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In chapter 2, the review on the existing testing strategies has been discussed. In this 

chapter, the methodology ofPTCA has been discussed in detail. 

3 . .1 lVlethodology 

Research methodology is an explanation of the process included to complete the 

research project. There are four stages included in this research project, for example, 

Literature Review, Analysis and Design, Development, and Analysis the result. As 

shown in figure3 .1. 

Figure 3.1: Overview flow of methodology 

The first stage, Literature Review is a stage where \\rill study of the existing 

problem on the past testing process faced. concern on this stage is about the t­

way testing strategies, and how this strategies help reduce the number of test 

cases. 
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Secondly, -vve will proceed into i\nalysis and Design process. In here we are 

going to analyst the possible strategies to improve the testing process. In addition 

here also will include the design of the new possible strategies to reduce the nun1ber 

of test cases. 

Next process is the development stage; this stage is mainly focused on to 

in1plement the possible strategies. Furthern1ore, in this stage test cases generator will 

be develop base on the ne\v strategies. 

The final stage was the Analysis Result process, in here collecting of the result 

producing by the tool (test case generator) and the analysis of these result will be 

proceed. Moreover, the result of this research will be answer in this stage. 
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Table 3.1: List of software used 

I Software Used Description 

Use in development prototype in Java. 
Net Bean 

Use in documentation, e.g writing report, 
Microsoft Office 

drawing chart and e~t~c 

Table 3.2 : List of Hardware used 

Hardware Used Description 

Use in development the prototype in Java. 
Laptop 

Use in writing report. 

Stationary 
I Use to record minute of meeting. 

I Use on drafting. 

Table 3.1 & table 3.2 has listed the software and hardware used for PTCA. 

PTCA was developed using java programing language with NetBean as platform. 

During the research, MS office vvas used as report writing, result recording. 

For hardware, an Intel i5-2410M, 2.30GHz with 8GB ram laptop was used to 

develop the prototype and report writing. 

This chapter discussed on the flovv of the PTCA research, besides hardware and 
software used has been included too. 
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4DESIGN 

In chapter3, detail of the tools and research flow has been discussed. In this chapter, 
detail design of PTCA has been discussed. 

Design Consideration 

The system designed is selected the loop from first test case in the test cases, and 

get the coverage of each test case, then save the most coverage test case as the best 

test case. 

3.2 Development ofPTCA Strategy 

PTCA is tools that function based on pairwise testing strategy and hill climbing 
algoritlnn. Figure4.1 show the overall design ofPTCA. 

PTCA 

Figure 4.1: Overall design of PTCA 

PTCA strategy design used pairwise testing strategy to reduce the test 
case generated, based on the hill clin1bing algorithtn to as process tnethod, to 
achieve full coverage of the co1nbination. 



Climbing Algorithm 

1. (int i=O; i<samp l e. iengtr1; i++) 
2. for~ (int r=l r<sample. length; r++) 
3. ~ompa.re saf!lple[i] with sample[r) 
4 . 1 f s amp 1 e [ 1 J < s amp 1 e [ r] 
5. temp= sample[i] 
6. sarnple[i]=sarnple[r] 
7. sample[r)=temp 
8. end 

Figure 4.2 :Algorithm of hill climbing algorithm 

16 

Hill climbing algorithm is an incremental concept algorithm which would start 
form the basic to the peak. On PTCA, hill climbing algoritlun was used on tnerging 
process. Which PTCA will retrieve the 1st combination from the combination list to 
merge with the data in the pair list. 

3.4 Weight Counting Method 

Weight counting is a identified in PTCA, for each loop of merging process the 
weight will recorded and compare with the previous weight. The heaviest weight 
combination consider as the best. 

3.5 Pairwise Testing Strategy 

Begin 
let pair as An~aylist[] 
let pair={-1,-1,-1-1, ... } 
let int t.ime =0 
for (int sl=O; sl< pair.lenght; s1++){ 

for (int s2=1; s2<=pair.lenght; s2++) 
for (int valuel=O; valuel< parameter~ ·val ue_l++) { 

for(int value1=0;value2< parameter_2;value_2++){ 
replace pair. [time]. [sl]= value_l 
replace pair. [time]. [s2]= value_2 
time++ 

Figure 4.3: Algorithm of pairwise strategy 
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Pairwise strategy is a strategy that generating a list of combination with only two 
know·u value. Figure4.3 show the algorithm set the -1 values as unknown value, and 
substitute the parameter value in the list to generate the pair list. 

3.6 Development Strategy 

In the chapter the development is based on hill climbing algorithm. Generally, 

this system is searching for the best test cases following the hill climbing algorithm, 

where the algorithm will pick the first sample and find the coverage of that satnple. 

Then the coverage is then compare with the others coverage 

3.7Summary 

if 
let 
1 et c as i 
Best [c) ~ TC 
C++ 
Remove TC (x]l 

17. Best 

Figure 4.4: Algorithm of the system 

This chapter is described the design of this system, it including the algorithm 

and description of the tlow of the system. 
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5 

In previous chapter~ the detail design of this system has been discussed. So, on this 

chapter detail about implementation of this system will be discuss. First of all, this 

system is develop using NetBeans IDE 7.0.1 on an L11tel core i5-2410M, 2.3GHz 

CPU with 8GB of RAM Notebook. This system is develop using Java programing 

language. 

5.1 Implementation of Exhaustive Testing 

The hill climbing algorithm is active after the input is specified. The 

study case applied here was 4 parameter with 3 values each, the input is specified as 

3,3,3,3 (refer Figure 5.1). 

Figure 5.1: 4 inputs with 3 valued 

Then the input will process to generate a possible combination of these 4 

parameters.( refer figure 5.2,5.3,5.4) 
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Figure 5.2: The possible combination ofthe input (1) 
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Figure 5.3: The possible combination of the input (2) 
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Figure 5.4: The possible combination ofthe input (3) 

Figure 5.2, figure 5.3, and figure 5.4 show the exhaustive combination of the 4 
parameter with 3 values. Form these figures, the number of exhaustive combination 
is 81 (form 0 to 80). 
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5.2 Implementation of Pairwise Test Strategy 

Using Pairwise Strategy, the system will generate all possible pmrw1se 

combination as figure. 
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Figure 5.5: The list when the input converting into pairwise (1) 
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Figure 5. 6: The list when the input converting into pairwise (2) 
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Figure 5.5, & Figure 5.6 show the list of pairwise combination generate by 

pairwise testing strategy. In the combination, -1 represent the unknown with no 

value. For each combination only two value is defined. 



25 

Chapter 6 RESULT DISCUSSION 

After implementation, PTCA strategy will be evaluated to verify the 

effectiveness and performance in order to achieve and match the goals and objective. 

Initially, few' tests are done to test the correctness of the PTCA function, testing the 

algorithm has demonstrated correctly, besides a test on the reducing test cases 

generated is done to prove that PTCA is able to reduce the number of test cases. 

6.1 Demonstration of Correctness 

Objective of PTCA is to investigate the correctness of the implementation of 

the hill climbing algorithm. In order to verify that PTCA achieve this goal, two 

experiments as conducted. 

A web-based configuration example is selected as a case study for the first 

experiment. This selection is base in the fact that the input is used by other strategies 

such as G2Way (Klaibt et al., 2008). The web-based configuration example has 4 

parameter and each parameters have 3 values (see Table 6.1 ). 

Table 6.1: 4 input with 3 valued 

,' Pl P2 
· .. 

P3 
: P4 I .·· . .. ·· . · .· . 

Netscape Windows LAN Local 

IE Macintosh ppp Networked 

Firefox Linux ISDN Screen 

As PTCA will only generate test cases in number form, so the follo,ving input is 

convert into number. 
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Table 6. 2 : Symbol of each input 

Pl P3 · .. P4 
· . . 

Netscape =0 Windows=O LAN=O Local=O 

IE J\tfacintosh =1 PPP=l Networked=! 

Firefox=3 Linux=2 ISDN=2 Screen=2 

The test suite as shown in figure 6.1 was screen capture from PTCA screen, 

which been generated based on the web-based configuration example in Table 6.1 

produces 12 test cases. 

(\. '..!,, 

- :eest= [~ ' -' ~. 

L --~, 2t 2, "'' 
Ll ;,'_~ l, 

L2r •:. 
~ 
..:::..! 

L~ ' ttt.,- c, 
L...:O::.s ::: ' k,; 

f-est: \"'....-: {;.: l \..,-'J .:;._~ 

r- 1., l ,; ~~ .-.~ 

r~ 
L'.V'; l ~ .r> ..._.·! 

D l5t=st= [8 .t. " - o,;1 

Figure 6.1: result screen on PTCA 
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Table 6.3 was the result for the PTCA.: 

Table 6.3: Result 

T# ' P2 ·•.P3 
.· .· . 

1 Netscape Windows LAN Local 

2 Netscape Macintosh ppp Networked 

3 Netscape Linux ISDN Screen 

4 IE Windows I ppp Screen 

5 IE Macintosh ISDN Local 

6 IE Linux LAN Networked 

7 Firefox Windows ISDN Networked 

8 Firefox Macintosh LAN Screen 

9 Firefox Linux ppp Local 

10 Nctscape Macintosh LAN Networked 

11 Netscape Linux LAN Local 

12 Fire fox Windows ppp Local 

Based on table 6.3 and figure 6.1, there are six possible interactions for the 

parameters. Those interactions are between Pl and P2, Pl and P3, Pl and P4, P2 and P3, 

P2 and P4, and P3 and P5. The expected total interaction pairs should be 54 based on 

these interactions. 

In order to investigate the correctness of PTCA algorithm, the test suite 

generated by PTCA is analysed. The correctness of PTCA algorithm is proved when all 

interaction pairs are covered at least once 

Table 6.4: List of total interaction pairs 

T# . T# 

Netscape, Windows 1 Windows, LAN 1 

N etscape, Macintosh 2,10 Windows, 4,12 

Netscape, Linux 3,11 Windows, ISDN 7 
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Netscape, LAN 1,10,11 Windo\vs, Local 1,12 

Netscape, PPP 2 Windows, Networked 7 

Netscape, ISDN 3 Windo\vs, Screen 4 

N etscape, Local 1,11 Macintosh, LAN 8,10 

Netscape, Networked 2,10 Macintosh, PPP 2 

N etscape, Screen 3 1vlacintosh, ISDN 5 

IE, Windows 4 Macintosh, Local 5 

IE, Macintosh 5 IVIacintosh, Networked 2,10 

IE, Linux 6 Macintosh, Screen 8 

IE, LAN 6 Linux, LAN 6,11 

IE, PPP 4 Linux, PPP 9 

IE, ISDN 5 Linux, ISDN 3 

IE, Local 5 Linux, Local 9,11 

IE, Networked 6 Linux, Networked 6 

IE, Screen 4 Linux, Screen 3 

Firefox, Windows 7,12 LAN, Local 1,11 

Firefox, Macintosh 8 LAN, Networked 6,10 

Firefox, Linux 9 LAN, Screen 8 

Table 6.4 shows the list of total interaction pairs with the test case generated by 

PTCA that covered the pairs. Referring to the table above, it can be seen that the 

interaction pairs are covered at least once. This means that the generated test cases 

include all pairs. Since none pairs are missing, it means PTCA strategy algorithms are 

correct. 

The second experiment used an online pizza ordering system example as a case 

study. This exan1ple has an input consists of 3 parameter with each value of 2 as shown 

in Table 6.5 
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Table 6.5: 3 parameter with each value of2 

Flavours Toppings 

Classic Hand Tossed Vegetarian Pineapples 

Crunchy Thin Pepperoni Beef 

Referring to Table 6.6, the test suite was generated based on the input 

specification stated in the Table 6.5. PTCA generated the test suite that consists of 6 test 

cases for this experiment. 

- 5·E.st= [D .. : _, ~. ~ 

.;;: Best= -~, 8' : ~..l 

"' B:st= [ ..... / 
,:\ -l -.!- ..... ,.,: 

4 5t:st= [cj}~ !"~--; 
.:..:; l...: 

Figure 6.2: result screen in PTCA 

Table 6.6: Result 

T# c '· Crust Flavours 
... 

Toppings 
·. 

·· . 
·. .. . .. . ·.· 

. 

1 Classic Hand Tossed Vegetarian Pineapples 

2 Classic Hand Tossed Pepperoni Beef 

3 Crunchy Thin Vegetarian Beef 

4 Crunchy Thin Pepperoni Pineapples 

5 Classic Hand Tossed Vegetarian Beef 

6 Crunchy Thin Vegetarian Pineapples 

Based on this case study, there are 3 possible interactions that are Crust and 

Flavours, Crust and Toppings, and Flavours and Topping. Thus, the expected 

interaction pairs are 12. 
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The aim for this experiment is similar with the first experiment which is to prove 

that the PTCA's algorithms are correct. Table 6.6 lists the interaction pairs for the case 

study with the test cases that covered them. Since, the generated test suite covered all 

pairs at least once and no missing pairs, the algorithms for PTCA strategy are correct. 

Table 6. 7: List oftotal interaction pairs 

Fait Combination .•... .··. 

T# 
.·· '. > 

.. · 
.··· 

Classic Hand Tossed, Vegetarian 1,5 

Classic Hand Tossed, Pepperoni 2 

Classic Hand Tossed, Pineapples 1 

Classic Hand Tossed, Beef 2,5 

Crunchy Thin, Vegetarian 3,6 

Crunchy Thin, Pepperoni 4 

Crunchy Thin, Pineapples 4 

Crunchy Thin, Beef 3 

Vegetarian, Pineapples 1, 6 

Vegetarian, Beef 3,5 

Pepperoni, Pineapples 4 

Pepperoni, Beef 2 

6.2 Demonstration Of Reducing Test Suite Size 

Pairwise testing objective is to reduce the size of the test suite. In order to prove PTCA 

can reduce the test suite size, an experiment was conducted. This experiment is done in 

the following condition: 

The results are obtain by using Windows 7 Home Premium with Intel Core i5-

2410M, 2.3GHz CPU and 8GB Ram with NetBeans IDE 7.0.1 installed. 
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Table 6. 8: Input specification for test A, B, C, D, and F 

Tests Input Specification 

A 4 2-valued parameters 

B 2 2-valued parameters, 3 3-valued para.tneters 

c 2 5-valued parameters, 3 6-valued parrnneters 

D 2 3-valued parameters, 2 5-valued parameters, 3 6-valued parrnneters 

F 3 3-valued parameters, 3 5-valued parruneters, 3 6-valued parameters 

The satne inputs then tun independently 5 tunes and evety result was recorded in 

and compared with the test suite cases sizes of exhaustive testing. 

Table 6. 9: Results of test suite size generated with number of runs 

A 7 7 7 

B 13 13 13 13 13 

c 49 49 49 49 49 

D 44 44 44 44 44 

F 48 48 48 48 48 

The table above shows the results of the test suite size against the number of run for the 

5 tests. It is noticeable that nmnber of test cases is constant, it mean that PTCA would 

not effected by the number of run, it will generated a constant result. 

For the Test A, the test suite sizes that are generated exhaustively are 16 

(2x2x2x2). Using PTCA the test suite size is reduced from 16 to 7. While PTCA 

generate test suite size of 13 for Test B that is smaller than exhaustive testing test suite 

size that are 108. PTCA generates test suite size of 49 for Test C and test suite size of 

5400 for Test D. The differences between test suite size of exhaustive testing and test 

suite size generated by PTCA are shown in Table 6.9. 
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Table 6.10: Differences benveen exhaustive testing test suite size and PTT test suite size 

Test Suite Sizes Total·reduce Percentage of 
Tests 

A 

B 

c 
D 

F 

Exhaustive PTCA reduce(%) 

16 7 9 56.25 

108 13 95 87.96 

5400 49 5351 99.09 

48600 44 48556 99.9 

729000 48 7289952 99.9 

Based on table above, PTCA can reduce the number test up to 99% co1npare to 

exhaustive test strategy. 

6.3 Results of PTCA Benchmarking 

Evaluating the performance of PTCA in term of test size against other existing 

pairwise testing strategies is one of the objectives of PTCA. The benchmarking is 

done in the following condition: 

• The results are obtain by using Windows 7 Home Premiutn with Intel Core i5-

2410M, 2.3GHz CPU and 8GB Ram with NetBeans IDE 7.0.1 installed. 

• In order to benchmark PTCA strategy in tern1 of the test size generated, the same 

data that is used to benchmark G2Way strategy is used. G2Way strategy used 

eight sets of data to compare the strategy with other strategies that arc AETG, 

AETGm, IPO, SA, GA, ACA, PTT, and ALL Pairs (Klaib et al., 2008). The sets 

of data are as follow: 

Table 6.11: Input specification for 8 tests 

Tests ·. Input Specification 

Sl 3 3-valued parameters 

82 4 3-valued parameters 

83 13 3-valued parameters 

S4 10 1 0-valued parmneters 

S5 10 15-valued parameters 
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S6 20 10-valued parameters 

S7 10 5-valued parameters 

S8 1 5-valued parameters, 8 3-valued parameters, and 2 2-valued parameters 

Table 6.12: Result of the comparison data in term of the test size (Klaib eta/., 2008) 

Sys AET AETGm IPO SA GA ACA All- 62- PPT PTCA 

Pairs Way 

51 NA NA NA NA 

I 
NA NA 10 10 18 11 

52 9 11 9 9 9 9 10 10 37 11 

53 15 17 17 16 17 17 22 19 383 23 

S4 NA NA 169 NA 157 159 177 160 4209 NA 

55 NA NA 361 NA NA NA 390 343 9817 NA 

56 180 198 212 183 227 225 230 200 16969 NA 

S7 NA NA 47 NA NA NA 49 46 899 46 

S8 19 20 NA 15 15 16 21 23 268 22 

PTCA has a litnitation on the memory; it can't effort for the large data such as 

S4, S5, S6, and S7 which has a large number of data. For those test data PTCA 

is out of function. 

--
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Figure 6.3: Result ~fSJ 

PTCA 

For Sl (3 inputs with 3 value), PTCA generate 12 test cases, will is better 

performance than PPT which generated 3 7 test cases with the same input, but 

PTCA was a bit low efficient compare to All-pair and G2-Way which successful 

generate only 1 0 test cases for same input. 

All-Pairs 

G2-Way 

PPT 

PTCA 
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Figure 6. 4: Result of S2 

For S2 (4 inputs with 3 valued parameters), PTCA generated 12 test cases which 

is tnuch better performance compare to PTT which generated 3 7 test cases for 

same input, besides PTCA result was closed to other test strategies which 

generate around range of 9 test cases to 12 test cases. 
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Figure 6.5: Result ofS4 

For S3 (13 inputs with 3 valued), PTCA generate 24 test cases which slightly 

high compare to AETG with 15 test cases, AETGtn, IPO, GA, ACA, both 17 

test cases, SA with 16 test cases, All-Pair with 22 test cases, and G2Way with 19 

test cases. In other hand, PTCA is generated much better result compare to PTT 

which generate 383 test cases for the same input. 

AETG 

AETGm 

IPO 

SA 

GA 

ACA 
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PTCA 
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AETG AETGm SA GA ACA All-Pairs G2-Way PPT PTCA 

Figure 6. 6: Result of S8 

For S8 (1 input of 5-valued parameters, 8 inputs of 3-valued parameters, and 2 

inputs of2-valued parameters), PTCA was class as good perforn1ance strategy 

which generate 23 test cases, a closed result with the others test strategies except 

PTT, PTCA beat PIT as PTT generate a high numbers of test cases with 268. 
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Table 6.13: Results ofbenchmarking 

AETG AETGm J IPO SA GA ACA AU- PPT I PTCA 
I 

Pairs Way 

NA NA NA NA NA NA 10 10 18 12 

9 11 9 9 9 9 10 10 37 12 

15 17 17 16 17 17 22 19 383 24 

NA NA 169 NA 157 159 177 160 4209 NA 

NA NA 361 NA NA NA 390 343 9817 NA 

180 198 212 183 227 225 230 200 16969 NA 

NA NA 47 NA NA NA 49 46 899 47 

19 20 NA 15 15 16 21 23 268 23 

Table 6.13 depicts the result ofPTCA (shaded column) with others strategies, as 

conclusion for PTCA in performance, PTCA can be classed as the best performance 

strategy which PTCA generate a closed result with the best performance strategy 

result. But PTCA was face limitation in data size. There are few character of PTCA: 

• PTCA is performance closely to the best test strategy, which will 

always generate result near to the best result. 

• PTCA is a fix test strategy, it \vil1 generate the constant result for 

the same input compare to other strategies which may need to 
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run several times to get the best result, PTCA result is constant, 

therefore user can run one and record the result, this character 

save the user effort and time to retrieve result. 

• PTCA has a limitation for huge data process, for huge data such 

as S4 ( 10 input with 10 valued parameters) and above PTCA 

would not able to process this huge data due to the lack for 

memory. 

This chapter discussed on the real time performance of PTCA and comparison of PTCA 

with others test strategies was done. Based on the result gather from the test, PTCA 

produce a good result for most of the test data, but there is some exception too, such as 

PTCA fail to process with few huge test data due to the lacking in memory. 
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Chapter 7 

In the earlier chapter, a detail explanation on the flow in working on completing this thesis had 

been discussed including reviewing, developing PTCA strategy, experimental results and 

discussions. In this chapter, the research work on PTCA strategy is concluded with future work. 

7.1 Conclusion 

The objective of this thesis is to develop PTCA. strategy that able to reduce test cases 

generated based on pairwise test strategy and hill climbing algorithm. To achieve this 

goal a list of objective has been set in the early of the thesis as below: 

1. Develop a prototype to implement the Hill Climbing algorithm for 

generating of test input data. 

2. To investigate the conectness of the Hill Climbing algorithm 

implementation. 

3. To evaluate the performance in term of test size against other existing 

pairwise testing strategies 

As conclusion, PTCA has achieved the entire above objectives. When compare with 

existing strategy PTCA is generated a closed result, so PTCA performance is good 

enough just there are some failure for PTCA in process with huge data. Thus 

improvement is needed for PTCA to solve this problem. 
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7.2 Work 

For the further enhancement, there are few research area that could be 

considered: 

1. Improve PTCA process time 

Although PTCA was produce a very closed result with the 

current best result but PTCA has a weakness of process time, 

PTCA was taking long period of process time to generate the 

result, thus research on reduce the complexity of PTCA is needed. 

2. Memory lacking 

PTCA was facing problem when execute with the huge data set, a 

few research may needed to solve this problem such a~ reduce the 

data keep in the process and enhancement of the memory 

allocated in PTCA. 
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Figure 7.1: Gantt Chart 
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