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CA (3, 3) 0.94 6.92 0.96 0.74

CA (3, 3) 1.35 0.82 1.21 0.91

cA @3, 3") 1.82 13.72 2.02 1.21

CA (3, 4) 0.53 4.82 0.63 0.29

CA(3,5) 0.57 7.96 0.57 0.42

CA(3,6) 0.57 5.15 0.45 0.41

CA(3,7) 0.58 3372 0.51 0.41

Jols s vy

CA LI s S5l Q)Jédia;wéu)l.:ujlﬁsé
das il 1YL sla fulas (.Ji)_,fjl ara ol Jalas 658

))Lrn.u)ﬁ JJ)‘”}J”F")"LEF\J;‘“\@.{): C,.w‘);éj:ﬁ

Jenny CPSO DPSO  GS NEWPSO
N N.Best N.Best N.Best  N.Best

CAN;4,2) 31 24 31 27 25
CAN;4,2) 37 32 32 30 30
CAN;4,2) 37 33 34 33 25
CA(N; 4,2"°) 39 37 34 25 28
CANN;4,3) 109 94 81 88 90
CAN;4,3) 140 132 131 129 130
CANN;4,3) 169 153 150 152 153
CAN;4,3) 187 174 171 171 171
CAN;4,3) 206 191 187 187 192
CAN;4,3°) 221 211 206 206 206
CAN;4,3") 236 226 221 223 221
CAN;4,3%) 252 242 237 236 238

Sheslazal agsssl mal L8 SUssl e s, 5l S

Oe30 cpl .ol Wilcoxon signed rank sum g Ll i,
Sobear 0,5 e B s ) biods Ole Ol S5
Shazes 33 m ol SNl oy gl Oasl opl SSOs

Sheslazal (gl Olg5 e SPSS Il 5l s, 0 L8 4 slael



L 5L ool jid iy Ol CPSO 5 DPSO (s 331 il 5
3L 5 S Sl R Ol 4 N0 Solelas (gl Ll
w5l S Lo efficiency , ki 5l DPSO .a s
2D Lol ool (2 yan fpn o o Glag 512
S S Sl 58 5 0l Ll 51 55 GS syl b
LE20 U 5 cul psime Ssa o cxe ol
—ias DPSO ) performance L 51 Lol das o i
performance ;. Clal=s e sbaglagsl mal ool
slag sl 5l seass efficiency L 5l Ll wls ol
NS Gl (S Sl ol o san B e
e—aman 5 I3l (¢ +3 performance , efficiency , L
L ISF UV K W N W AR W A SV P [ PG, PP
5031 YL PSO oS Sl eslinal bas S ane hasy
22 =S LS ) b performance , efficiency Lo
GS 3 DPSO (sl ul 33 &g bla 3l b salgiy 5,
B o1y 55 o Sy ge 25 U idl s 5 s o0
ol el 423l (ot NEWPSO 1) O o (5351 2l SO
= A s el GileanaS 1 K Sl ramen 51 2
aS dom a S e g | efficiency 4S5 S e eslana
s 55 5 performance efficiency L ;I NEWPSO (¢3! ol
aalsl OISLaS oyl ey g i 4 3l rlin el ol
CA 3 05l lis 5 JSe 0 S bl ol al =
Joly G DPSO S i o sl oo g 52 055 S
awny ol 53 Ol e Ay o a4 ols sl b
o ol 3l (gl eamens 558 A1l (g iy Olides
oo Ol Frae G e Gl A
$laaalSal b glagz )58 oS 5 5L 23S 6 4 5 OPAT
3 63 S 315 05 e s 38 slinad [TA] ke
o by b g 55 1] eae 452 51 L [T ]PSO

ROt

Yoslad A dr o3 Slalos dna | VA

1) osesl s g5 0l t=6 5 TConfig 5 IPOG (alis -y
Al YL el iy opds o5l sl 0l
CPSO 5! sl 4w 510 L PICT 3 Jenny Y b DPSO
LS e Sleds 51510 YL odlls NEWPSO 5 GS

s e Ol 1 a1l Joles 83 0l (1) S

Q}J&L’J uy‘)i @ba (Vo) Jgu

Test
Rank
anks Statistics
NEW NEW NEW Asymp. Sig.
PSO< PSO> PSO= (2-tailed)

NEWPSO-Jenny 12 0 1 .004

4 NEWPSO-CPSO 7 0 6 030

< NEWPSO-DPSO 5 1 7 .053
NEWPSO-GS 0 0 13 .060

y NEWPSO-CPSO 10 0 0 .003

5 NEWPSO-DPSO 10 0 0 .003

“  NEWPSO-GS 10 0 0 .003

Iteration strenght
2 4 6 8 10 12 14 >15

O Jenny [0 TConfig PICT IPOG
mCPSO I DPSO EGS I NewPSO

Jobs 55 a3 31 bagsl el mlin :(3) S5

Sl 5 g Sems v
Dlw by [ o gime Ssa st glag )zl
s s by Sl Lyl raman 5 oy
el sy Sltlu ol 0l Ol AWy S 5 s
i 83513 s 855 s 5 5 0L L L s
bkgj_:ASJﬁl:j‘Ml{M\;&Yl{;%djﬂfmlgﬁ
SOl e Jlie (gl WS e A 5 (g iy Ol s
2l 5 CS 3 PSTG paoman 5 05 1y O30 Ui )55
U e Sl 5 eals Ol ks Sy S L

AS e slniy 15,1215 B CPSO 3 HSS (635 nal 5 das



VA cllos b iy LT 5o aueS 03T Ol W5 3 ang Db oo s 2o S 5 eslina

[1] LinJ., Luo C., Cai S., Su K., Hao D. and Zhang L., "TCA: An
Efficient Two-Mode  Meta-Heuristic ~ Algorithm  for
Combinatorial Test Generation (T)," in 30th IEEE/ACM
International ~ Conference on  Automated  Software
Engineering (ASE), Lincoln, NE, USA, 9-13 Nov. 2015.
Esfandyari S. and Rafe V., "A tuned version of genetic
algorithm for efficient test suite generation in interactive t-
way testing strategy," Information and Software Technology,
vol. 94, pp. 165-185, 2018.

[3] Zamli K. Z., Din F., Kendall G. and Ahmed B. S., “An
Experimental Study of Hyper-Heuristic Selection and
Acceptance Mechanism for Combinatorial t-way Test Suite
Generation,” Information Sciences, vol. 399, pp. 121-153,
2017.

[4] Wu H., Nie C., Kuo F.-C., Leung H. and Colbourn C. J., "A
Discrete Particle Swarm Optimization for Covering Array
Generation,” IEEE  Transactions on  Evolutionary
Computation, vol. 19, no. 4, pp. 575-591, 2015.

[5] Rafe V., "Scenario-driven analysis of systems specified
through graph transformations," Journal of Visual Languages
& Computing, vol. 24, pp. 136-145, 2013.

[6] Cohen M. B., Dwyer M. B. and Shi J., "Interaction testing of
highly-configurable systems in the presence of constraints,"”
in international symposium on Software testing and analysis,
London, United Kingdom, 2007.

[7] Kennedy J. and Eberhart R., “Particle swarm optimization,” in
International Conference on Neural Networks, Perth, WA,
Australia, Australia, 1995.

[8] Alsewari A. R. A. and Zamli K. Z., “Design and
implementation of a harmony-search-based variable-
strengtht-way testing strategy with constraints support,”
Information and Software Technology, vol. 54, no. 6, pp.
553-568, 2012.

[9] Cohen D. M., Dalal S. R., Fredman M. L. and Patton G. C.,,
"The AETG system: an approach to testing based on
combinatorial design,” IEEE Transactions on Software
Engineering, vol. 23, no. 7, pp. 437 - 444, 1997.

[10] Cohen M. B., "Designing Test Suites for Software
Interactions Testing," PHD Thesis, University of Auckland,
Department of Computer Science, Auckland, 2004.

[11] Czerwonka J., "Pairwise testing in real world: practical
extensions to test case generator," in 24th Pacific Northwest
Software Quality Conference, IEEE Computer Society,
Portland, OR, USA, 2006.

[12] Bryce R. C. and Colbourn C. J., “The density algorithm for
pairwise interaction testing: Research Articles,” Software
Testing, Verification & Reliability, vol. 17, no. 3, pp. 159-
182, 2007.

[13] Bryce R. and Colbourn C. J., “A density-based greedy
algorithm for higher strength covering arrays,” Software
Testing Verification and Reliability, vol. 17, no. 1, pp. 37-53,
2009.

[14] Lehmann E. and Wegener J., "Test case design by means of
the CTE XL," in 8th European International Conference on
Software Testing, Analysis & Review, Copenhagen,
Denmark, 2000.

[15] Yu Y., Ng S. and Chan E., “Generating, selecting and
prioritizing test cases from specifications with tool support,”
in Third International Conference on Quality Software,
Dallas, TX, USA, USA, 2003.

[16] Arshem J., "TVG download page,” 2019.
Available: http://sourceforge.net/projects/tvg.

[17] Tung Y.-W. and Aldiwan W., “Automating test case
generation for the new generation mission software system,”

[2

[t

[Online].

e

in |IEEE Aerospace Conference. Proceedings (Cat.
No0.00TH8484), Big Sky, MT, USA, USA, 2000.

[18] Jenkins B., "Jenny download web page," Bob Jenkins’
Website, 2019. [Online]. Available:
http://burtleburtle.net/bob/math/jenny.html.

[19] Hartman A., "IBM Intelligent Test Case Handler,” IBM
alphaworks, 2019. [Online]. Auvailable:
http://www.alphaworks.ibm.com/tech/whitch.

[20] Lei Y., Kacker R., Kuhn D. R., Okun V. and Lawrence J.,
“IPOG: a general strategy for t-way software testing,” in 4th
Annual IEEE International Conference and Workshops on the
Engineering of Computer-Based Systems, IEEE Computer
Society, Tucson, AZ, 2007.

[21] Calvagna A. and Gargantini A., “IPO-s: incremental
generation of combinatorial interaction test data based on
symmetries of covering arrays,” in International Conference
on Software Testing, Verification, and Validation
Workshops, Denver, CO, USA, 2009.

[22] Lei Y., Kacker R., Kuhn D. R., Okun V. and Lawrence J.,
"IPOG/IPOG-D: efficient test generation for multi-way
combinatorial testing, Software Testing," Software Testing,
Verification & Reliability, vol. 18, no. 3, pp. 125-148, 2008.

[23] Kuhn R., “ACTS page download,” 2019. [Online].
Available:http://csrc.nist.gov/groups/SNS/acts/download_tool
s.html.

[24] Stardom J., "Metaheuristics and the Search for Covering and
Packing Array," Thesis (M.Sc.), Simon Fraser University,
2001, 2001.

[25] Shiba T., Tsuchiya T. and Kikuno T., "Using artificial life
techniques to generate test cases for combinatorial testing,"
in 28th Annual International Computer Software and
Applications Conference, Hong Kong, China, 2004.

[26] Ahmed B. S., Zamli K. Z. and PengLim C., "Application of
Particle Swarm Optimization to uniform and variable
strength covering array construction,"” Applied Soft
Computing, vol. 12, no. 4, p. 1330-1347, 2012.

[27] Ahmed B. S., Abdulsamad T. Sh. and Potrus M. Y.,
"Achievement of minimized combinatorial test suite for
configuration-aware software functional testing using the
Cuckoo Search algorithm," Information and Software
Technology, vol. 66, p. 13-29, 2015.

[28] Wu H., Nie C., Kuo F.-C., Leung H. and Colbourn C. J.,
“DPSO Page Download,” 2015. [Online]. Available:
https://github.com/waynedd/DPSO.

SIS Glh Oled (IS IS ol (5 arke [YA]
4 L.g:,y m)f(// 4;4/41_,\.«7 f; /P‘:’Jj‘@/ J/ solez! L/ gf'?'{/';
-\¥ B Al UL«J A A ‘ff’ QLw:lz-.a e L//‘;lm (S5 9
AYAA YA

J“"L{/’e J/C‘fii JLJ» Lo s,ﬁUﬁ ‘L’i) L= (Gla=s sL.b) ‘JWG Y]
b 25 el g S G eslizad b (slo i 4SSy S
e w3 plsjl silatig w2 S 5 GG e o e
RARVARRERPA o2 F ool & A g(aj.» Slewles

C’J Q/y‘éfpu,:u JC':.;/H c(a)l.)u: 46.,\3}:.; gy 4M L;JLIQ.A [¥YV]
Mw‘:ffxuijjj/a)&lw/@g}.{}@/}‘;@JjJ odi okt y
F ooled ¥ Al grj Sl ales g((jﬁb‘dj,@xjjﬁb‘/fwzﬁ

AYAY WY-EY s





