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nInagausanauITilIIzauvasnIIagauaanitdu 3 2aU Aa N3
NAFDUITZALNRUIL (unit  testing) NINARBLULVUIUINIT (integration  testing) WRENTI

NARAUIZUL (system testing) MINaFaLUARZIZAUAT0azIDu0 Al



2.1.1.1 MINAROUIZTAUNUIEL

% 1 [ é I ]
MINARDUIZALRUIY Lﬂumimaaummmmmmaﬂwga Faduwniae
ﬁLﬁﬂﬁ'qwa\‘m'naammu%w&rﬁ NINARAUTEALRUILY azﬁwv&é’amﬂﬁ'@uuﬂu@aﬁfu

LRI
2.1.1.2 MINAFAUULLLYTIUINT

ﬂ’]iﬂ@]ﬁﬁ]ﬂLLUUUﬂiM’m’li L‘ﬂuﬂ’li‘ﬂ@]ﬁE]Uﬂ’]iﬁﬁd”luil’JMﬁuTE]GI&J?;]E\]“?]N’]%
NINARDUIZALRUILNILE mimaamwugsm'mﬁﬁﬁmU"’s% LT NTTINANNULAS
. A £
14 (top-down approach) N1333NINNANIVILUY (bottom-up approach) MITINUUULTUR

2 (sandwich approach) Lazn133uLuuniuy (big-bang approach) 1 ud
2.1.1.3 MINarauIzUL

ANINARBUTZ UL LI RNITNARBUINTENALITEINITOANINW I a1NAIN
ﬁaanwsmaa;ﬁ%&m LazdarinnataITaWaLITHIa b N1INAREUTLUUYIENaUGIY 5

MINARAY A%

6 o 3 . & A
1) MINaRaUNINTH (functional testing) 1un1InasauNNaray
o 6 v & v 4 v a [ 6
ﬂ’]i‘ﬂ’lx‘l’]%“lla\‘iﬂia‘il‘](ﬂLL’]?L‘VWLﬂ%vl,‘]_’@’]&lﬂ’.l’lll@]a\‘iﬂqimﬂ\‘lEJ:I“E\T’]%@]’JElL‘Y]ﬂ‘IzlaﬂLLiJ‘].lLL‘].Iﬂﬂ‘i.laﬂ"D‘

(black box) TsmInasauLuuwuaniand Waulanszuiwnmsriauneluvessanduay

2) MINAFBLANNNAAU (stress testing) tdumInagauTandulIs
muldaniizmsldiuatisnin NBATIARIANNAININFIFATITANGUITAY ole

NINEINITNINAUG

3) MInasauliz&ndnIN (performance testing) twn1Inasay
ﬂs:?m%mwmaw@TLLﬁmuﬁs:qlwﬁaﬁ’mumawaw@TLLQ% nInagaulszEnTaIw
AIFOVINNIAINDUIHAINITVII UV ITANG WIS NIINARBULTEENTAIWALYINUN

NI MEIUNG

4) minagauanulaaany (security  testing) Ldwn1Inasay

[ o 6 6 1Aa  af ¢ (3 6
TUUINBIANVYRDAN EI?IGG‘II@W@]LL’Jiﬁ]’mﬁlllllﬁﬂﬁl“ﬁd’]u‘ﬁaﬂ@nni

5) NMINAFOUNBWRY (background testing) tdun1Tnasay

PN AUITAUANNEINITANIIBITUINU NI BRI NRANY TN TIBALALINS

21.2 SzAUYDINIINADU (level of testing)

) & ¢ & ' o o =
ITAUVAINIINARDUTIWAUITI a’)ulﬂﬂ'ﬁ]z%ﬁuuu‘ﬂ’]aa\‘]') (v-model) [2]

4 o G . : . S &
Faduunudraasnldiuadrsuninaslunaislasenis (projects)  slunne Tunau



2a93InNINIMaRaUTaNGWI (Software Testing Life Cycle: STLC) Tuuuudraasing
maaaundunnusfanulwipinTmsiamsendun lasuuudaasivuunnseanan
MnuuUiaenaaeien (waterfall model) [12, 1] Tsluusdaziuaau (phases) 1843
Fnsmaiansanduaf dsuuuiaas? wiammesauuunSaesiug i (model based
testing) [13] FamsnasaumanduIseIouuUdIaasit susniduaewmInaw uazms
nasavlunsongiule lasaunsnldnaaaunsiioiane (small unit) saudsznavvedain
18N 9 (collections of units) #3aNarTu2lvasszUL (entire system) i wuLdaesil
susohanldmelunmeseumarhiuzasudssaunawld laolidesseldtetunan
mMInamlUsunsy (coding) éﬁgﬂﬁ 2.1

SDLC STLC

requirements )
ffffffffffffffffffffffff system testing
specification

preliminary integration

design testing

detailed . .
-~ -—{ unit testing

design

coding

S URAITUAAUNINARAUTANG LS LA AT UA AW TN W Ta WG IS

gﬂ‘ﬁ 2.1 KULSN8D9)

INANNFNABTVAIRNAUTUYBININARDUITATNNIINATOLNINT I RS
MINARULATIFTII ALURRIINITNAROULATIRTII LR NITRINITNAROUIUTE AU

(unit level) VaeANIINaREUNINTUIANIZFNNIzNaFaU I UTUABUTZ UL (system level)

21.3 NMINAFIUAVALLYA (boundary value testing)

Wwdtmslunisninsdinasay I@ﬂmigmmaumeauwia:@iﬂw,wia:

' ]
1 =

w1sataas naziuvltlusandulrsneanedwlle wazdrfdwluldldvasudas



'
a 6 a ¥

a = {9 o ' ' . a
‘W’]T]&JL@]E’J% ma%mwwmﬂwmauﬁlw ﬂ'i_lL°l|(§]°ll€]\‘]LL@IGZﬂ’]EL%LL@]az‘W’ITmL@]aﬁ‘ﬂuﬂ&ll“]j

[

o &
UBUAIN
2.1.3.1 M3IATVA2a LA (Boundary Value Analysis: BVA)

a ' PN : o o w . o
MIIATZAA VBV [4] au’l,ammaumeaammawagammﬁ (input) 03
i ldaensdinasey wmdaidesdusasmidiansdaweviaaidunmnasaud1vad

'
1 o

ﬁagaﬁwﬁwﬁﬁmmq@ (min) ANFINTIANVIULVARIY (Min+) @iﬁzmwﬂmwaﬁaya

G

#1197 (nominal ®38 nom) ANGININAVBLWAL Y (Max-) UAZAGIFA (Max)

a o o o [ o L A ]
RUNEG ﬂ?qwﬂuwuﬁ‘ﬂaﬂﬂ\?ﬁ"ﬁ% F nusaIaLys Xi BRE X, TINDINANVDN

o ¥ o

v e ;3’
magammwadmuﬂs A

gﬂ'ﬁ 2.2 LROHUALLYAYBIANN MT baUaImNIRLA83 X, uaz X,

{ J/ lﬂl 1 { v { o U vV & 1
NnFUf 2.2 Aufinsnuaeasiseuragasdnld ldnaziidanlsiduen
223U luNaiTu F Ao winfwes X, Jveuwarasdnltlaasuddr a faen b
a 6 = 1 d' «vg: [ =3 1 dy d' 1 d' '
wazniiiaes X, Jveuiwavasdnldldasuden ¢ fisd1 d uaziundiufiagniouan

uradnsafld i laniniinanlsiduarvasniniiaas luwedsw F



bt - - - -
ol e e R T

=

A A = A v  ad a &
gﬂ"n 2.3 LLamq@‘nQﬂLaamﬂuﬂimmaaummﬁﬂ’mmemmmamw

nngih 2.3 22 l@ITNNINA RO A9
{ <Xynom,Xomin>, <Xynom,Xomin+>, <Xy;nom,X,nom>, <X;nom,X,max->,
<Xjnom,X,max>, <X;min,X,nom>, <X;min+,X,nom>,<X;nom,X,nom>,

<Xymax-,X,nom=>, <Xymax,X,nom> }

wAulainnTdinasay <Xnom,X,nom> N1 2 NsANAFEY AINUId

NINAFOURIRIUNTD 2 WIINVLADTHNINNG 9 NINAFIU

o o co Aa a o o A o a A o @
ﬁ’]%iuﬂdﬂ’ﬁuﬂﬂ.lw*ﬁ’mmai n I TNITWIUNIUNORIUNRINNAIY

FFNFIATIZRANVBULLA L% 4n+1 NIHNAFDL

IR TRV BUAILLD LA A LN TN AU TUG Rz A NHINIIINITIN
NINAROU M TAMUFUN TN

A0819N 2.1

= o Qs d‘ d! o (B £ U o d‘
UAAINTINARAUF MU YM IR TIrnalilFaa sl Aaz @B YaIFINIBAL
w1y iWalvuaasasasnunilui/szinnvasmuinag s g

Sauludmsudamsumagy

a &)

- annduldldvasdundardurasaninaon daaluaaiiay (integer) J6n

@ana 1 09 200
3 v 1 2 d' A KR &| n:i'
- HATINVIRDIABADININNINANWNLRADIILT UENLRALY
- WNIRINGWLYINNG taNARNTLW FIUIBALNATLYI

v

- AEeITWYIN WL L NUewnaNy lanaantiilu sunasuningg



A ~ o o & o ea '

MTNN 2.1 UEAINTINARDUTAIT UM EIURA SN WTBUNINRAWENAIAT

a 43’ d' o n:l' & U v 1 3 n:l' v ad a 6 1

aziedutdalgdndwllldldnudiundazarunuasauinasy a2835n133aI RN
A AN v o o
PAULUANINLT DU LT LTI b

P a = v ad a 6 1
ANINN 2.1 mmﬂmauﬂzymmumaw ALIDNITIAINCHANVBULYA

i w1 | andi 2 | anud 3 | waansiiaande

nasgay

1 100 100 1 | EuRALInINGT
2 100 100 2 | AN
3 100 100 100 | ENALARENAIULT
4 100 100 199 | SWMABANINT
5 100 100 200 | i flusuinaoy
6 100 1 100 | EALARENAING?
7 100 2 100 | saLnAENRING?
8 100 100 100 | saLnaBNEILTN
9 100 199 100 | snaLAAENAING?
10 100 200 100 | laifluanauimaon
11 1 100 100 | saLRRENAING?
12 2 100 100 | snaLARENAING?
13 100 100 100 | AawABuEILT
14 199 100 100 | gaLRRENRING?
15 200 100 100 | 'laifluanuimaon

2.1.3.2 MINAFAUIANNNUNIN (robustness testing)

6

MINAFOLRNTNNUNW [4] vL@TﬁﬂﬁiLﬁaJLawﬁg(ﬂ‘ﬁﬁulﬁ]ﬁﬂﬂ%%ﬂﬂi%Lﬂﬁ:‘ﬁ
1 o ' d' ' v a [ ] s v & a v ' 1
dvaue lapsranleldlavasniniiaesudazarunldiilunsdinasay laun @n
ANNIENTAVLALK (max+) uazdndaandidiauwaa1s (min) iz laitinaawsn
a & o A A A o &
anfindwmnnihdnfiaguaninitednldldunlgluszouuug

=l

NIBNARBUIAINNWINW AL AN ANIaNaNLEa N wAIAINARAUANNITNNT

9 U

3msw:ﬁﬁwamm@1u3ﬂﬁ 2.3 Lflué‘dgﬂﬁ 2.4
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Fann1InaraugnIwnwnInlalraauawlanin lulsdarniiglllse
6 o ¥ v 1 d' 1 a J 6 o A [ A;,
WIiTw F ualnanuanladananaiainastiainanwansw F G9nsnagauanismsih 2z
U a é’ Y d' A v a 1 £ g’ o n:l'n 6
vanldqn azlsaztAetwninlddnuinwIaasifinll 15w dhninNaniuTInuIn
Wuldaziienseiiu (overload) wiamdwiwinluldanwguaianil 32 14 zuaad

v a A ! v a & v
PANMNLNALADUDIVDNANAG LT UA

]
[

WIMUIERANYBINIINAROUFN NN NI BB BIAAINUFIAYANIITY
Y a { a J
Tolawanafnananan

Q b--— e - - o O - -
ol e e . e

A

gﬂﬁ 2.4 LLamq@ﬁQnmamﬂumn”imaauﬁ’;U%’%ﬂﬁmaauamwwumu
ﬁnﬂgﬂﬁ' 2.4 32ld3Ennsnasay Gl

{ <Xjnom,Xomin->, <X;nom,Xomin>, <X;nom,X,min+>, <X;nom,X,nom>,

<X;nom,X,max->,<X.nom,Xomax>, <X,nom,Xsmax+>, <X;min-,X,nom>,

<Ximin,Xonom>, <X;min+ X,nom>,<X,nom,X,nom>, <X;max-,X,nom>,

<Xjmax,X,nom>, <X;max+,X,nom> }

NA0E9N 2.1 I IneaseudYnIRINARINAIBNIHNAFDUIINITNT
o v t&l 13/ v a a 1
nagaugnwnunIwinlvinstinass uiRn w1 nnInegaua 183 5n133LATzRAN

YAULWA AIA1IN9N 2.2
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@13°99 2.2 NIBNARDUTYMIRIUARLN G283TNINAFDUINIWNUNIY

nsth N D N v o ¢d o
AN 1 | AW 2 | AN 3 | HAANSNAIAKII

nasay
1 100 100 0 | URAITBRANA®
2 100 100 1| anduaningg
3 100 100 2 | suwdsaning
4 100 100 100 | FaLARENEILTN
5 100 100 199 | saLRABNNINGA
6 100 100 200 | litdumanaon
7 100 100 201 | LEANTDRANANG
8 100 0 100 | UFAITONANANG
9 100 1 100 | SANAADINTNGA
10 100 2 100 | gaLPABANING7
11 100 100 100 | FNALARENAIULT
12 100 199 100 | FIUAADNTNGA
13 100 200 100 | Laiidusnawasa
14 100 201 100 | LEAITONANANG
15 0 100 100 | ULRAITAHANAA
16 1 100 100 | FaLRABANING?
17 2 100 100 | FALARHNNIND
18 100 100 100 | FIWAADATIUTI
19 199 100 100 | SNALRABNNING7
20 200 100 100 | lahiusnumasa
21 201 100 100 | LFAITDHANANG

2.1.3.3 NMINAFBUNITLAINLTFA (Worst-case testing)

N nasauNIaITBNga [4] Twauauladananiiaarmwindiaas
1 & s 1 v o U | { 1 v o v v { 1 v
mﬂmmmmﬁmmawagammmﬂuﬁq@ Ao mmawagammuaﬂﬁq@ R NGEE
o A

ﬁﬂngaﬂq@ LT ‘W'ﬁﬁﬁma%A ﬁﬁwaﬁagaﬁ%ﬁwgaq@ LLﬂ:W’]i’]ﬁL@]ﬂgB fdvad

v o v = a s I v
VaNIUI Lmﬁadqﬂlummw@aaum PN L naw

U U
a A o & v ad a 6 1 o AN o ' ¥ &
mmmlaau‘nmﬁwummﬁms:}Lﬂi’l:‘ﬁm“uaummw"[mnma"[ﬂuauﬂu

' = A o X o aa a o A o
LTREe (subset) Taﬂﬂim‘ﬂ@aaﬂﬂﬁi’mmu@?U?ﬁﬂqiﬂ@aaUﬂiﬂﬂﬂfJiqUﬂq@ LLRSIIUIN
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a o [ fo Aa a ¢ A o £ o ad A v A =
ﬂimﬂ@ﬁaﬂﬁ’]%iu%dﬂ%%ﬂ&l n N1NULABDT ﬂﬁi’]ﬁ“ﬂu@’)Uiﬁﬂﬂiﬂ@]ﬁﬂﬂﬂimm’ﬁﬂﬁmq@]u

NINNA 5" NIUNAROU

gﬂuuuﬁ'ﬂﬂmaamsmnszﬁmaauﬁa U?%’ﬂﬁmaaumtﬁmﬁwﬁq@
mmmgiﬁmnmﬁmﬁ:ﬁ@hm AULUA

a

gﬂﬁ 25 LLamﬁ;ﬂﬁgﬂLﬁamiluﬂin‘imaauﬁaﬁ%‘msmaaumtﬁmﬁqu@

mﬂgﬂ‘ﬁ' 2.5 2z 183 snagen foil
{ <Ximin,Xomax>, <Ximin,Xomax->, <X;min,Xo,nom>, <Xmin,Xomin+>,
<Ximin,Xo,min>, <Xymin+ X,max>, <Xymin+,X,max->,<X;min+.X,nom>,
<Ximin+,Xomin+>, <Xymin+,Xomin>, <Xinom,X;max>, <X;nom,X,max->,
<Xinom,Xonom>, <X nom,Xomin+>, <X;nom,Xomin>, <X;max-,X,max>,
<Xjmax-,Xomax->, <Xymax-,X,nom=>, <X;max-,Xomin+>,<X;max-,X,min>,
<Xiymax,Xomax>, <Xymax,Xomax->, <X\max,X,nom>, <X;max,X,min+>,

<Ximax,Xomin> } []

2.1.3.4 MINAFOUAMNLAR (special value testing)

o

1 a & 6 rd'd U s 1

AMsnagauafiae [4] tJunisnaseusendulsninislanuadig
' s add % fo A & aad % Aa o

wwsvay lagiuwisnazltnimasaunaniTw GﬁaLﬂuaﬁﬂa:Imﬂawuﬂ@maa;d MNINARDL

LLa:ﬁmwmﬂugﬂLmuﬁawm é’aﬁum‘zmaauﬁnﬁLﬂm:ﬁﬂﬁﬁ@imﬁag AMInaaud

AN uazsraunTailuanae NN TaInUTa NG TN RINGIN

AV o A & o o o
Naﬂvl,@]ﬁ]’lﬂﬂ’liﬂ@]aaUﬂ’lWLﬂfl:}fﬂz‘uuagjlﬂUﬂ’J’l&Jﬁ’lﬁJ’]iﬂ"ﬂadE}ﬂ’m’liﬂ@ma‘u

A v o A s a e o 6 ed o v o = ¥
fa ‘W]ﬂEle“/l']ﬂﬁi“/l@ﬁﬂﬂwﬂizﬁﬂﬂﬁiﬂﬂuﬂﬂﬂm&(ﬂEl'JﬂuﬂUGIiaW@ILL'JiYmWENW@N%W ﬂﬁ]ﬂf]j

o o w v o

nydinasauswintaslunisnageumaWauIsNAIRINA WY LLﬂz%ﬂﬂﬁdﬂﬁﬂ’]iﬂG}aﬂUﬁ
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Useaum oA TaInusanduIsNIRINa Wty anadasltnInarauIIWIBIIN

A Y & Iy A a & ea o o o
LwahmmmmaausﬁamLL’;%‘lmiaumgmﬂsmmaasnanm'ﬂmmwsmm

2.1.3.5 MINATDUDELFH (random testing)

NMINAFUDLNEN [4] Lﬂumimaauﬁmﬁﬂmmﬂﬁq@ LLaxagiuL%aaﬁa
Famsnasevateguazldiedasfielunisminsdinaseussninlasfuwfafiugiuuin
INMFATNERAVOLIA LazmMImnsainasauil dasszSsonaneansaziiaduwlwynieyin
NMINATY LT gij”ﬁ'm’lsﬂ@aaumﬂfmmjﬁﬂmué”ﬂumﬂﬁaﬂmtﬁmaau Fnlwnadl
ldannmnasavligndas iilusdu

Tymndeylunmisinidinaseudisdinimasevsdnigy fe zdnd

¥ A ° ] =2 (3 v [ A a A
I%ﬂim‘ﬂ@aaummumﬁlmamaaumann%‘l@amwﬂsm‘nﬁmw

2.1.4 danasnadeazlay (greedy algorithm)

anasfiudoazluy (14] duitnsurladamanitniedsldiulymns
m@hmm:ﬁﬁg@ Tasfiuaaanvasiymmldnniauuaindadula udazdaduladas
nslfinaaiilinamnziigansninaesiym o smern I dunaaaounssm ui
ﬂ'aﬂawm@madﬂzymml,ﬁaﬁ@aﬂ%ia L‘ﬁ'avlei”wamaﬂmmmﬁﬁmmﬂﬂqjﬁaﬂﬁﬁms

a a o ) d%L o g P 6 @ o [ P
LAEINW NIENLTUL ﬂlﬁaf;l"] au"l@mamaamauysm AINIDYNN 2.2

ADE19N 2.2

° P ' — A A s AL as @ A

m%uw‘lwwamwag n TUUGIASTUURNIAY 1, 2, 3, .., N VEVTUA | Tk un w, uszdl
1 v IJ L v a Qg’ (=2 1 J IJ Q 09/ Qo A

yae v, gneauniildsuidanlinduvasiulan ldlagadluntedssumin ld liiu w

aeANTIUIINITIEANKREUTY @19 ﬁaaz?@”yaﬂ'ﬁwg\vg@ lagnsrsuInidanuisvadi

Ywaaniiuanainlaniuaadniy Z@ﬂyﬂﬂ'um:ﬁmu”m/aawaa%uu”um/m”lm?@mu‘ﬁulia

aany1

fvuald x Ao dadiusesasdun i induldgudllann 0 < x <t uazi=1, 2, ..n
1 x, = 0 ugasn L lalfenuasTun i 61 x = 1 uaeIIRaNVITUN i NITH
1 x, = 0.25 ugAIINAaNVaITUN i lastdanan % T

GI%I FBINMIAIENDDI (X1, X, .., X)) N
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n ,
D ovix, aniga
i=1

.n
Tl D vix < Wuaz 0< x, <1
i=1

MUzt T UA N B V8919 UVBINITAA T L NALRAN LASUENUNALRAE
luGes g awldnaassnauysol dniudyniilazvaiasainmat “anuazluy” lunis
LRANAI

1. Lﬁaﬂmaaﬁﬁmmgag@
=
=1

u“
(3

2. Lﬁaﬂmadﬁuﬁmﬁnﬁaﬂq@
3. Lﬁaﬂmaaﬁugam@iaﬁmﬁﬂgaq@

(2 (2
o o . f a

auua'jﬁﬁqaium%uﬂw 100  HUpdey 5 Tulinin Yaf Lazyadde

u
a

RNLRAI Aad

AN 2.3 WD Haﬂ"] LLazgam@iaﬁmﬁnmad%uﬁ’]
1 2 3 4 5

v, 20 30 66 40 60
w, 10 20 30 40 50
v.lw, | 2.0 1.5 22 1.0 1.2

2

P & 2 A v A 4 v wa a a 4 2 % ]
BUUN 1 LRDNDUN 3 ANUAAYTUN 5 LRINDUN 4 aNAITITY ﬁ]zvl,@]ﬁaﬂ’l‘i’;&l
66+60+20 = 146

(2 ]
a =

UL 2 2 RONTUN 1 A1NAIBTUN 2, 3 WAz 4 ﬁ]z"l,ﬁaila@him 20+30+66+40 = 146
WUUN 3 92RanTUN 3 aNGIDTUN 1 WAINTWN 2 LazTwn 5 dn 80% a:vlﬁga@h
37U 66+20+30+48 =164 []

o ' A = o A o Aa ' A '
MNa8819N 2.2 anAnlddwuui 3 ldkaaasndyadiainganga ud
é‘ana‘%ﬁuL%daziuuffuvl&immmuaﬂvl,@i”iwamaﬂmm:auﬁq@ A lduaiaaun baain

AaNaINULTInz LU ma"l&ﬂﬁwamaﬂﬁmmzauﬁq@ﬁvlﬁ

ac A 4 v
2.2 1@NAITUAZIIWIANLNAIVDY

PINMIANE WU INNHIBUNTNBITBIWIBIINNINLEWEITNIA1 9 TaneT8d
o v { v Vi o v 1 { v J
AumIaenIdnegautasnenstinaseulildwiutesad udnsdinasaunasisluwan

& 3 ad e 6 & o A
uummsnmaauvlﬂﬂiamqunnmmwmaamwmaumaﬂmLni 31
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2.2.1 91398 “A Test Generation Strategy for Pairwise Testing” Tag@ il

Ta wazwgias

a [ [ & Aq o ' Y
1%8331NNNINAFIUTOWG LT Lﬂumumauwhsw:n ﬂ’]LLﬂZ:ﬂ’]l"ﬁ"ﬂﬂ Ell%ﬂ’]‘i

Ao o

fifiumainn detfgmidinsnazdunudeany %ua%iﬁuahmunszﬁ,maaumaaumﬂ%
Tumanasey lull 1998 &1 79 ln uazngids (9] ldviuauaitlefile (In-Parameter-
Order: IPO) 4% LLaz"L@Tﬁ'lmiﬂ%'uﬂEaLLmﬁ@f'fl,ﬁmmiﬂa%wamtf‘imaau"lﬁﬁﬁa%ﬂuﬂ
2002 [10] wiawrisldianoanudsoil dadumslnailumsssnsdinaseulidsuinwnsd
nageuasadiaisuniwunTainaseUR a9l w3 T081s dmIUnaseUT UL
Fmnasaudionslanimimesidnly Tagnnindieesudazarluszuufiazriinig
NAROLAANUFUWNBSAUUUDLNS LLaziuLLsia:ﬂstﬁﬂ@aauﬁa%amﬁm:ﬁaamamqw
agN9tay 1 gjmaams%’ugiiw’hdLwiaf;(ﬁhﬁl,ﬂu"l,ﬁvl,@i’mauwia:wqﬁﬁma% Sauwarnaluns
nagauszuufinMfteasianugunnsintuuunsag asimsRasmwniees was

]
1A

anmdwlyldvasudazwinleas

a A oo o o ~ A aa A & < '

wwdAaladla  IFEWTURIIINIHNAFL LNONARDUIZULNINITIR LA TAINE 2
a {43’ 44 a n:? 1 g: U a & gﬁ

WILea5T% 1 TIuwIfad azwisinaanlunisaensmnagauaantn 2 Tuaan lay
lusuaauusn nMTaulaluinan (horizontal — growth) 3E¥NNTRINTHNARBLVDI 3

A & ' g o . Ad = v 1 A 4 v R
WITLADTLINN A I@m:mmmugmmﬂu"[ﬂvl,@Lmazmmaa 2 WITRLEaSHIN LA239
a a ¢ A o aa ~ A o £ & o '
WWUNITOAasan 3 11l wazlunstiinIdinasauna 19wl nawaawlyn &9l
ATAUARUYNNIGidaININaRay AxvInaani 2 MIdulauuiad (vertical growth) 1z
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Algorithm:IPO_H
Input: All parameters
Output: Test set
Begin
/I ' Tis a test set. But T is also treated as a list with-elements in arbitrary order.
{' assume that the domain of p, contains values vy, v, ..., and v,;
7T = { pairs between values of p, and values of py, p,, ..., and p.q1 };
/I Card(T) is a cardinality function that returns the number of elements in a list.
if (Card(T) < q)
{ for 1 < j< Card(T), extend the jth test in T by adding value v, and remove

from 7T pairs covered by extended test;

}
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else

{ for1< j< g, extend the jth test in T by adding value v, and remove from
7T pairs covered by extended test;
for ¢ < j < Card(T), extend the jth test in T by adding one value of p, such
that the resulting test covers the most number of pairs in 77, and remove from

7T pairs covered by extended test;

End

Algorithm:IPO_V
Input: All parameters
Output: Test set
Begin
let T’ be an empty set;
for each pairin 77

{ assume that the pair contains value w of p,, 1 < k<, and value u of p;
if (T’ contains a test with “-” as the value of p, and u as the value of p))

modify this test by replacing the “-” with w;

else
add a new test to T’ that has w as the value of p,, u as the value of p, and “-”
as the value of every other parameter;
2
T=TUT
End
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Algorithm: constraints identification
Input: All relations defined on parameters
Output:  All constraints
Begin
Construct a set of all combinations of all parameters (77);

Construct a set of all combinations of each relation R, (7TR);

Constraints are all combinations that are in 77 but not in 7IR..;

End
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Algorithm: Sub-problem construction
Input: All relations
Constraints

Output:  All set of parameters (sub-problem)
Begin

let S is set of all parameters;

let SP is empty set;

let STEMP is empty set;

for (each pairs in constraints)

{ if (SP = null)

{ split set of parameter S into sets of parameters SP which each
elements in SP must not contain both parameters in same pair of
constraints;

}

else

{ for (each elements in SP)

{ if (element ith in SP conflict with constraints)
{ STEMP = SP;
SP = null;
split set of parameter S into sets of parameters SP which
each elements in SP must not contain both parameters in

same pair of constraints;

End
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Algorithm: Common test case generation

Input: Selected sub-problem

Output: All test cases

Begin

let MIR is sub-problem;
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let 7TIR is uncover set of sub-problem;

rearrange parameters of sub-problem;

Il Horizontal growth

let T be an empty set;

generate all combination of values of the first two parameters of MIR, and adding

pairs to T;

if (Card(T) < ni)

{ for1<j < cCard(T)
extend the jth test in T by adding value v, and remove from 77IR pairs covered by
the extended test;

}

else
for1<j< ni

extend the jth test in T by adding value v, and remove from 77IR pairs covered

by the extended test;
for ni < j < Card(T)
extend the jth test in T by adding one value of P, such that the resulting test

covers the most number of pairs in ZIR, and remove from IR pairs covered by
the extended test;
/I Vertical growth
let T’ be an empty set;
for (each pair in 7lIR)
{ assume that the pairs:contains value w of P,,
1 < k<, and value u of P;
if (T’ contains a test with “-” as the value of P, and u as the value of P)

modify this test by replacing the “-” with ‘w;
else
add a new test to T’ that has w as the value of P,, u as the value of P, and “-” as

the value of every other parameter;
}
T=TUT;,
End
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Algorithm: solution completion
Input: incomplete test cases from common test case generation algorithm
Output: All test cases
Begin
let Z7TRbe an empty set;
let 7TIR is uncover set of sub-problem;
let /TR, is uncover set of each parameter of R;
7R = 7R - 7IR;
for (each test case in T)
{ for (other parameters of test cases in T)
extend the test case in T by adding one value of other parameter. The test case
is not covers in the constraints. The resulting test covers the most number of
pairs in 7IR, and replacing the test case to T, and remove from 7IR pairs covered
by the extended test case;
h
let T” be an empty set;
for (each pair in 7IR)
{ assume that the pairs contains value w of P,,
1< k<, and value u of P;

if (T” contains a test with “-” as the value of P, 1 < k<, and value u of P)

modify test by replacing the “-” with w;
else
add a new test to T” that has w as the value of P,, u as the value of P, and “-” as

the value of every other parameter;
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Algorithm: n-way test case generation

Input: All relations defined on parameters
Output: All test cases
Begin

Il Constraints identification
generates T
generates 7IR,
construct the constraints;
Il Common test cases generation
construct MIR, and generates 7lR;
Il Horizontal growth
let T be an empty set;
generate all combination of values of the first two parameters of MIR, and adding
pairs to T;
if (Card(T) < ni)
{ for1<j < cCard(T)
extend the jth test in T by adding value v, and remove from 77IR pairs covered by

the extended test;

}

else
{ for1<j<ni
extend the jth test in T by adding value v, and remove from 77IR pairs covered
by the extended test;
for ni < j < Card(T)
extend the jth test in T by adding one value of P, such that the resulting test

covers the most number of pairs in 7Z7IR, and remove from IR pairs covered by

the extended test;
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}
Il Vertical growth

let T’ be an empty set;
for (each pair in 7IIR)
{ assume that the pairs contains value w of P,, 1 < k < i, and value u of P;
if (T’ contains a test with “-” as the value of P, and u as the value of P)
modify this test by replacing the “-” with w;
else
add a new test to T’ that has w as the value of P,, u as the value of P, and “-” as
the value of every other parameter;
}
T=TUT;
Il Solution completion
let 7R be an empty set;
remove 7R pairs from 7R, and add all pairs in 7IR. to 7IR;
for (each test case in T)
{ for (other parameters of test cases in T)
extend the test case in T by adding one value of other parameter. The test case
is not covers in the constraints. The resulting test covers the most number of
pairs in 7IR, and replacing the test case to T, and remove from /IR pairs covered
by the extended test case;
h
let T” be an empty set;
for (each pair in 7IR)
{ assume that the pairs contains value wof P,, 1 < k <, and value u of P;
if (T” contains-a test with-“-" as the value of -P,;-and u as the value of P)

modify test by replacing the “”with w;
else
add a new test to T” that has w as the value of P,, u as the value of P, and “-” as
the value of every other parameter;
3
T=TU T
End
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Abstract

Pair-wise testing is a software testing that
combines all pairs of input values of each parameter
while n-way testing generates only the necessary test
cases. In this paper, we introduce an improvement
version of In-Parameter-Order algorithm (IPO)
proposed by Kuo-Chung Tai and Yu Lei for n-way
test case generation. The concept of improvement
points to the number of test cases. In our experiment,
their algorithms such as AETG, IPO and our
algorithm are focused for n-way testing. The results
show that the number of test cases generated by our
algorithm is not higher than the number of test cases
obtained from AETG.

Key Words: Software testing, Pair-wise testing, N-
way testing, Combination, IPO algorithm, AETG.

1. Introduction

Software testing is an important part of software
develop life cycle (SDLC). Nevertheless, software
testing is very expensive and consumes more time
than other phases. Software testing can take as much
as 20-30% of the total development budget of
software project [3]. Moreover, software testing takes
part all SDLC. Many researchers have aimed at
reducing its cost and time.

There are many parts-of testing level in software
testing such as function' testing, structure- testing,
integration testing, system testing and object-oriented
testing may be tested by pair-wise_testing. Pair-wise
testing is known for its effectiveness in different
types of software testing [1] and can test for any part
of SDLC. The problem of generating the minimum
test set for pair-wise testing is NP-complete [7].

This paper proposes a novel approach for
software testing by improving IPO algorithm for the
n-way test case generation. The IPO algorithm has
the benefit of reusing old test cases when new
parameters are added [4].

In this new approach, testers identify parameters
those are possible for n-way definition which each
relation is not a subset of other relations. The testers
use the improved IPO algorithm to create a test plan
that covers all pair-wise or n-way combinations of
the test parameters.

Our research motivations are as follows: Since a
parameter can be occurred in several relations, in
order to reduce the number of test cases, the
intersection of relations must be first considered. This
can also reduce the time needed for generating all test
cases.

Some researches concerning generation of test
cases are similar to our research such as AETG
(Automatic Efficient Test Generator) proposed by
David M. Cohen, Siddhartha R. Dalal. Michael L.
Fredman and Gardner C. Patton in 1997 [1].

Our experiments focus on comparison between
AETG and our algorithm in the case of N-way
testing. The experimental results demonstrate that the
averaged number of test cases obtained from our
algorithm is less than those from AETG.

Some background knowledge of pair-wise testing,
n-way testing and constraints are recalled in Section
2. Section 3 describes an improved algorithm for n-
way test case generation. Section 4 shows our
proposed algorithm for n-way test case generation
which improved from IPO algorithm. Some
experiments.. are _introduced for comparing the
number of test cases obtained from AETG and from
our algorithm" in Section 5. Finally summary and
conclusion are stated in Section 6.

2. Backgrounds
2.1 Pair-wise definition

Pair-wise testing is an alternative way for testing
all possible combinations of parameters including all
possible values. Set of test cases is generated that
covers all combinations of all selected test data for all
possible values for each pair of parameters. Pair-wise
testing is also referred to as all-pair testing and 2-way
testing.



2.2 N-way definition

In some situations, it is not in the case that all pair
of parameters must be tested. The condition may be
described by some relations. This kind of testing is
so-called N-way testing. Parameters are separated
into several groups. All possible combinations in
each group must be included into the test set.

It is also in the case that some parameters can be
in many groups (relations). One must be valid; a
relation should not be a subset of others. These
relations are said to be suitable for test case
generation. This can be explained by two following
examples.

Examplel

Suppose that two relations G; and G, are expressed
by the same parameters {P,;, P, P;, ..., P,}. Describe
the situation that both relations are suitable.

LetC; is a set of all combination of members in G,
and let C, is a set of all combination of members in
G,. if Card(Cy) > Card(C,) then
e (,— C,is not an empty set then G, is
suitable for test cases generating.
e (,—Cyis an empty set, @, this implies that
G, < G or the relation G, is not suitable for
test cases generating. [

Example2

Suppose that G, is expressed by parameters in [P,
Py, P;, ..., P,} and G, is described by {Q}, O>, O;, ...,
O} where all P; are difference from Q. Describe the
situation that both relations are suitable.

It is obvious that each element in relation G; has not
a relationship to any elements in G,. These relations
are then suitable for test cases generation. O

2.3 Constraint for n-way IPO algorithm

A constraint can be expressed, using multiple
relations. It may be more efficient to express them
explicitly by using impossible cases.

A set of impossible case scenariosis also referred
as unnecessary cases. Test cases are generated with
n-way testing, not covering the unnecessary case. The
set of unnecessary cases is called constraint.

3. Concept of improvement

In this section, we give a skeleton of pair-wise
IPO algorithm [6] described by Yu Lei, and K.C. Tai
in 2002. Our aim is to extend an IPO algorithm for
covering n-way test case generation. We also remark
that IPO algorithm can be simple improved to speed
up in some cases. In fact, the number of generating
steps will be decreased if the input parameters are
reorganized.
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We start by given a draft description of IPO
algorithm using an example. The algorithm is
composed of two steps: horizontal growth and
vertical growth processes. For instance, let an
application contains three parameters: A, B, and C
where each has many possible values as illustrated by
Table 1. The horizontal growth process generates test
cases using all difference pairs of value of parameters
A and B. The test cases must be completed by
introducing the rest of parameters. The vertical
growth process is performed whenever the test cases
from the horizontal growth cannot cover all pair-wise
cases.

Table 1. The values of parameters A,B and C

A B C
A B, G
A, B, G,

Gs

The horizontal growth generates only four test
cases, such as (A1,B)), (A,B), (AyB1), and (A, B)).
Parameter C must be introduced into these test cases,
then it is obtained (Al,Bl,Cl), (Al,Bz,Cz), (Az,Bl,C3),
and (A, B,,C)). Since these cannot cover the pair of
A, and C, for example, the vertical growth must be
processed. This step is to generate a minimum
number of test cases which contain all uncovered
pair-wise cases. For instance, two test cases are
generated, (A,B,,C;) and (A, B;,C,). It is seen that
these six test cases cover all pair-wise cases.

Let us rearrange all input parameters as shown in
Table 2. The two parameters with the most number of
values are selected to be processed in the horizontal
growth step. For instance, the parameters C and A are
chosen. Then six pairs are generated: (C,A)), (C1,A3),
(Cz,Al), (Cz,Az), (C3,A1) and (C3,A2). Now the
parameter B must be introduced into these pairs.
Without performing the vertical growth step, it is
obtained six test cases which are (C,A;,B)),
(CL,A2By), (CuALBy), (CyAyB)), (C3ALBy) and
(C3,A2,By).

Table 2. Rearrange parameters A,B and C by the
number of values

C A B
G Ay B,
G Ay B,
G

By rearranging all parameters using the number
of values, the number of processes can probably be
decreased, although the number of test cases may not
be decreased. All solutions in this case are generated
only in the horizontal growth step.



Now, we propose three steps of extending IPO
algorithm to support an n-way testing criteria. Using
divide and conquer technique, the problem is divided
into several sub-problems depended on all given
relations. All sub-problems must be solved first. The
final solution is obtained by combining all sub-
solutions together. The algorithm is described by
three following steps:

1. Constraints identification
This step is to prepare all input parameters
and to construct some constraints of the
application.

2. Common test case generation
All cases which include in many relations
are generated in this step.

3. Solution completion
The solution (set of all test cases) must be
completed in to process.

3.1 Constraints identification

Constraint means pair of parameters that must be
ignored for testing. In order to reduce the number of
test cases, all unnecessary test cases can be removed
from the testing criteria by introducing the concept of
constraints. Constraints can be determined using all
given relations of parameters. An algorithm for
identifying constraints is described as follows:

Algorithm: constraints identification
Input: Al relations defined on parameters
Output: All constraints
Begin
Construct a set of all combinations of all
parameters (7)
Construct a set of all combinations of each
relation R; (7R;)
Constraints are all combinations that are in 7
but not in 7R;.
End

Let us see an application containing two relations
as shown by Table 3. Both relations contain the same
parameters A, B, C, and ‘D but some parameters have
different values.

Since there are four parameters and each contains
three values, the set. of all combinations of all
parameters must contain 54 pairs. The set 7R,
contains 45 pairs and 7R, contains 29 pairs. Then the
set of constraints contains only one element:

- 7R, - 7Ry ={ (A3, B3) }.
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Table 3. Example of two relations identified by the

tester

Relation 1
A B C D
Ay B, C, D,
A, B, G D,

Relation 2
A B C D
Aj B C D,
Bz C2 D2
Cs D;

3.2 Common test case generation

In this section, we construct the sub-problem
(MIR: a set of parameters) that does not exist any two
parameters appeared in the same constraint. For
instance, the constraint is (A3,B3). Thus, there are two
possible MIR’s as follows: the set of A, C, and D and
the set of B, C, and D, then we select the largest MIR
(i.e., the maximum number of elements.) In this case,
the second is selected to be MIR as illustrated by
Table 4.

Table 4. Relation with respect to MIR

B C D
B, o D,
B, G D,
B3 G D;

We generate all test cases for all possible pairs of
parameters in MIR using the IPO algorithm. It is
obtained the set 7/R that contains 27 pairs as follows:
(B1,Cp)y (B1,Cy)y (B1.C3), (By,C1), (B, (), (By,Cy),
(B5,C1), (B3,C3), (B3.C3), (B1,Dy), (B1.D»), (B1,Dy),
(B2,D)), (B1.D), (B2.D3), (B3,Dy), (B3,D,), (B3,Ds),
(C1,Dy), (C1,D), (Cy,D3), (C,Dy), (Cp.Dy), (Cy,D3),
(C3,D1), (C3,Dy) and (C3,D3).

After that, test cases are generated for covering
pairs-in zIR. The results-are (B,C,D)), (B,C5,D,),
(B1,C3,D3), « (B2,C1,D3),  (B2,Co,Dy),  (B2,C3,Dy),
(B3,C1,D2), (B3,C2,D3) and (B3,C3,D1). These test
cases are called common test cases.

3.3 Solution completion

Since common test cases are generated from
elements in MIR, all pairs in 7R are covered by these
test cases. The rest is to create test cases for covering
all pairs in all zR; which are not in z/R. The result zR
contains only 26 pairs as follows: (A},B)), (A1,B,),
(A1,B3), (A2,By), (A2,B), (A2.B3), (A3,By), (A3,B)),
(A1L,CD, (A1LGy), (A1LGy), (Ar,CD), (A2,()), (A2,C),



(A3,C1), (A3,62), (A5,G3), (ALDy), (A1.D»), (A1.D3),
(A2,D1), (A2,D»), (A2,D3), (A3,Dy), (A3,D») and (A3,D3).

To complete the set of all test cases, each
parameter which is not in the MIR must be
considered. A new test case is obtained by combining
each common test case together with such parameter
whenever this covers the maximum number of pairs
in zR. For example, (By,C},D;) must be combined
with A; because this test cases can cover 3 pairs (i.e.,
(A1,By), (A1,Cy), and (A,,D).) Using this technique,
all result test cases are obtained: (A,,B,C,,D),
(A3,B1,C2,D»), (A2,B1,C3,D3), (A3,B,,C1.D3),
(A2,B,,C5,Dy), (A1,B,,C3,D»), (A2,B5,C1,.D»),
(A1,B3,C5,D3) and (A},B3,C3,D;).

Two pairs, (A;,C3) and (A3,D,), are not covered by
the result. The objective is to generate a minimum set
of test cases that covers these two pairs. First, merge
all possible pairs which do not contradict with all
constraints. If the result contains some incomplete
test case, any values of parameter can be defined if
this does not appear in the constraint.

Consider two pairs: (A;,C;) and (A3D;), two
incomplete test cases are generated: (As,-,Cs,-) and
(A3,-,-,D;). Since both of them can be merged
together, it is obtained (As,-,C;5,D1). Now, this test
case covers all pairs in zR, but it is still an incomplete
test case. We can see that B; or B, can be merged to
this test case, but it is not in the case for B; (because
(A3,B3) is a constraint.) The last test case is then
(A3,B1,C3,Dy).

The algorithm can be described in the next
section.

4. N-way test case generation algorithm
Assume R; contains parameter Py,Ps,...,P,, where
P; contains value v; 1, Vi, -.., Vi
Algorithm: n-way test case generation
Input: Al relations defined on parameters
Qutput: All test cases
Begin
// Constraints identification
generates 7;
generates 7R;;
construct the constraints;
// Common test cases generation
construct MIR, and generates 7IR;
// Horizontal growth
let T be an empty set;
generate all combination of values of the first two
parameters of MIR, and adding pairs to T;
if (Card(T) < ni)
{ for 1 <j< Card(T)
extend the jth test in T by adding value v; and
remove from #zIR pairs covered by the
extended test;
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}

else
{ for1<j< ni
extend the jth test in T by adding value v; and
remove from IR pairs covered by the
extended test;
for ni <j< Card(T)
extend the jth test in 7 by adding one value of
P; such that the resulting test covers the most
number of pairs in 7IR, and remove from 7R
pairs covered by the extended test;
}
// Vertical growth
let T7° be an empty set;
for (each pair in 7IR)
{ assume that the pairs contains value w of Py,
1 < k<1, and value u of P;;
if (T’ contains a test with “-” as the value of P;
and u as the value of P))
modify this test by replacing the
else
add a new test to 7~ that has w as the value of
Py, u as the value of P;, and “-” as the value of
every other parameter;

[T3kL

with w;

}
= T
// Solution completion
let 7R be an empty set;
remove 7zIR pairs from 7R, and add all pairs in
7R; to 7R,
for (each test case in T)
{ for (other parameters of test cases in T)
extend the test case in 7 by adding one value
of other parameter. The test case is not covers
in the constraints. The resulting test covers
the most number of pairs in 7R, and replacing
the test case to 7, and remove from 7R pairs
covered by the extended test case;
B
let T°’ be an empty set;
for (each pair in 7R)
{ assume that the pairs contains value w of Py,
1 < k<i, and value u of P;;
if (T’ contains a test wit as the value of
Py, 1 < k< i, and value u of P;)
modify test by replacing the “-” with w;
else
add a new test to 7"’ that has w as the value of
Py, u as the value of P;, and “-” as the value of
every other parameter;

[T

|5
T=TuT,
End



The n-way test case generation algorithm can be
described using a flowchart as Figure 1.

generate 77

l

all relations

7T=nil adding other
TOR = nil parameters to these

T =nil test cases (7)
construct remove pairs.

constraints and covered by T from

sub-problem T

no Test cases (T)
no

rearrange
parameter of
sub-problem

yes
v
generate test cases of

end

generate IR sub-problem with
vertical growth
l ,
generate test cases of remove pairs.
sub-problem with — covered by T from
horizontal growth V4

remove pairs
covered by T from
TR

&>

yes
v

generate test cases of

sub-problem with
vertical growth

remove pairs

— covered by T from
TR

Figure 1. Flowchart of n-way test case generation.

5. Comparison with AETG

In this section, experiments on comparison
between AETG and our algorithm are introduced.
Section 3 explains _three steps of test cases
generation. The ten test cases of our solution are
shown in Table 5.

The solution'can be compared with the solution
using AETG [5] which is shown in Table 6. In this
case, both algorithms generate the same number of
test cases.

Table 7 shows the number of test cases generated
from our algorithm as well as AETG method. Our
algorithm mostly generates less number of test cases
comparing with AETG method.
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Table 5. The test cases generation using our

algorithm
A B C D
Ay B, o D,
Az B, G D,
A, B, G D;
Az B, G D;
A, B, G D,
Ay B, G D,
A, B; G D,
Ay B G Ds
Ay B G D,
A; B, G D,

Table 6. The test cases generation using AETG

A B C D
A B, G D,
A, B C D,
Az B, G D,
Ay B; G D;
A, B, G D;
A; B, G D;
Ay B, G D,
A, B, G D,
Az B, G D,
A B G D,

Table 7. Comparison of number of test cases.
System | S1 | S2 | S3 | S4 | S5|S6 | S7 | S8

Our 8 |10 9 |12 9 (16| 9 |17
AETG | 8 10| 8 | 15|10 |16| 9 |19

Eight set of relations used in our experiments are
as follows:

S1: 4 parameters (2 3-value parameter, 2 2-
values parameters)

S2: 4 3-value parameters

S3: 5 parameters (2 3-value parameters, 3 2-
value parameters)

S4: 5 3-value parameters

S5: 6 parameters (2 3-value parameters, 4 2-
value parameters)

S6: 6 3-value parameters

S7: 7 parameters (2 3-value parameters, 5 2-
value parameters)

S8: 7 3-values parameters

In addition, the test cases generated by both
algorithms can use to test all cases in uncovered set
when the parameter relationships are pair-wise or n-
way. The number of cases covered by test cases from
both algorithms is equal.



6. Conclusion

In this paper, we propose an n-way IPO algorithm
which covers both pair-wise and n-way combinations
of test cases for the application. From case study in
section 5 the number of test cases generated by our
algorithm is less than the number of test cases
obtained from AETG in average. The n-way IPO
algorithm can test in a variety of applications in term
of function, structure, wunit, system and
interoperability testing. It generates both high-level
test plans and detailed test cases. The experience with
this new approach indicates that it can be used in
widely applications.
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