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ABSTRACT

The effectiveness of testing depends on the quality of the coverage of
the test inputs. Most software today is developed using object-oriented technology.
Many languages have been developed to support object-oriented software design. Most
notably the Unified Modeling Language (UML). The Unified Modeling Language (UML)
is now widely used to describe object — oriented design. This thesis focuses on one
type of UML diagram, the activity diagram, which is used to model the behavior of
software. If test cases can be generated from this model, tests can be generated early
in the process, during software design, greatly increasing the chances of finishing all
testing before the software is delivered. This thesis proposes a condition — classification
tree model for generating test cases from activity diagrams. The model helps to
generate effective test cases and helps reduce the time needed to analyze the software
specifications. Results from an experiment show that the proposed approach can help
generate a relatively small number of test cases at reasonable cost, early in the

development process,
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Tool — Supported Test Case Design for Black-Box Testing by Means

of the Classification — Tree Editor {(Grochtmann, ef al., 1993)
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Teaching Black Box Testing (Chen and Poon, 1998)
- Jo h g = as = T o
mwdpibiuanensantdinaseuuuuanduinadia black-box lasldit
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PHalasingazdsaduaoudsnaasluiate 2.3 classification tree method

Identification of Categories and Choices in Activity Diagrams (Chen,
et al., 2005)
o oas A’ a =y_} . . .
aATe b uauadTlumiszy category  uaz choice lu choice  refation
table lasnisRnsandumsdaiulatazfonludreg lnunuawionssudeldlunig
A . ' ' . . A v & ) 4 aaA o “
ifian choice udazglu choice relation table iftaldiflunsdinagan $935dg0ldnden

choice Tuudaz category ialdiilunydinaraufianugndasnasiinnaniuly ey
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141 dusnanvudiaasdulinisdusnnvuiidenls  (Condition-
Classification Tree Model: CCTM) & miusnsdinasauuniugiuesusuninians
a4ad UML
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UML
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2) srusandung
2.1) 72unlH1idn13 Microsoft Windows XP
2.2) iesadilamibayumstiieu Microsoft Visual Basic 2008

Express Edition

1.7 Uslaniianinazléddu
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amluuniingnfmquiuazndnmadn g Tagsamusniedasiums
nagsuganduad szdunmasouTeddun? JuasunInagauTandua’ inafians
nageuvendufuaznTUsnlinlizantawaasnsdinasey luduflsaadwilan
fgatiunsmwAInNTINTaIn M sesnuuuBiag wszdnAmudiunanaiiom
Aerundnnssiansdinageuuuy Classification Tree Method (CTM) Saflinusziva

é’oﬁi_a‘lﬂﬁ
2.1 nMsnadaunarandd (Software Testing)

“© iﬂ‘ s o ! { = s
mynaseusardiaiiufonsiufidarianfadifivuazludgmnm
Ya30endIs (Ammann and Offutt, 2008) lasnaasramidefianaauazigmnifiaiu
udrrnsuitadeAanaraniaiigmdinsraligndes Jagdszmdvasnmasey

& el I’y € £ £ g a [ 3 o o
%ﬂﬂ@lLL’liﬂE]ﬂ’]iwgﬁl%ﬁﬂ‘ﬁaNﬂLL’J?ﬂﬂdﬂu‘lﬂﬂSUT‘}ﬂﬁdﬂ‘ﬁuﬂ’]uﬂlElﬂ"l'ﬁﬂﬂﬂ’?’m(ﬂﬂﬁﬂ’li

2.1.1 se@umsnagautanduls

miﬂﬂaaueﬁaw@ﬁm'§ueia:i:é’um:ﬁqmugj‘lﬂﬁ’uﬂ'uﬂaumiﬁ’mm

& =t LT S a» et a a
TR TIRIUS I LEAI AR HNITEA LN NAREUNIN I UBINUNINTINNTINATH
gareinSldlaonslFunnnIng wia V Model sumwiiznand 2.1 Seanansnuteszay
mInagaUsanailduasuntIiaTaawiLe 5 szau (Ammann - and - Offutt, - 2008)
deta lil

1) MTnasaumIseniy (acceptance testing) tun1masutiia
ﬂmﬁumwﬁmﬂmﬁua:ﬂszﬁﬂ’ﬁmwmaas:uu:hmmmﬁwm‘lﬁgné’aamumwﬁaams

& oA o e . 4 o o & P &
LLa:Lﬂmwawa'lﬁmaaglﬂﬁma‘lu GIRNTNAFAUISRAAARDINUTUABUNTALATIZAR Y

daansuadgly (requirements analysis) .




Requirements _ | Acceptance
Analysis - Test
Test
Architectural Design _ System
Design Information . Test
Subsystem _ Integration
Design o Test
Detailed Design| - »- M.?;SL;le
Implementation—t> #Jergi

- w ¢ & & o & &
ﬂ'l%’lﬂizﬂﬂﬂﬂ 21 Ltwumwszﬂumsmaaumawﬂu::ma:mmaumsweumfﬁaﬂmni

V Model (Ammann and Offutt, 2008)

2) MINAFALTZU1 (system testing) ifunminageumaniiyuaas
szuylagsradafannnsreitvesssuudannats 9 dwiaansahuldasias
specification  fimualiniall Favzmaandasiudunaumssanuuuamifasnssaue
sranéiu’ (architectural design)

3) NMINAFRBUITALTINWIAY (integration testing) (HwmInasay

9 1 ) [l ai L e
msmmwaanzjzj'[ﬂmmw‘%aﬁ'mﬁ‘:znauuaﬂﬂgnm:mmmm anw (Myers, 2004)

A a L7 { 2t dl é 1 o L 2K} ] ) T L2
Warnuninilewinhfiniteuns fuudhudazldsunsudesasiunmasauuiusai
] df a4 ] gl = LY J o & g4 =4
a1y wafiadasinrinuiunuernfadafenarauiidsznsinle Sadasininasay
[ A L 23 L2 - as T 1 84 4 s [
MU asur T s fanmaning Sandn ldimineseuzauTiuniamdums
. 9 ] H 1 HIJ b “-: n:’ ci o 5})
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289 B8 FIRUTERRLAZHANIAINUIaIRIILTIN MINaFaUIzauTIunIgEnTan
& 2 snstus 88 wuuTumhsmmuasssnasouluaTuden (big bang) tazuuliRafia
f P . ' . & oo o '
mmma’[uga (incremental) UANTINAFBULUY big bang lunmsnarauhiaNuLEaae

o U | a ] ! 5 b
ﬂ??tﬂﬂﬂ]ﬂﬂﬂﬂﬁqﬂgﬁﬂqﬂ Lﬁﬂﬂ%?ﬂﬂﬂiﬂﬂﬁaﬂﬁlﬂﬂqﬂluLﬁ?JﬂﬂiﬂlaEl’lﬁﬁﬁ'inﬂﬂ'ﬁﬂizﬁ’iu




b3
2/ g5 A &s A2 Ry
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- mmﬂﬁauuumﬁuiug}amnuuaeéw (top - down approach)

e ~ A ' o e Y L P
Lﬂumimaauimmwnmz’[ugamnuuaamammmﬂu‘[ﬂsamwmuﬂm wudslugafied

LT}

s =t Cz [} o L ! ar ] as e El
szauvuazonllugafiodsedvan (Huluganinuaclugaden) dusasdradrslu

e
mwilsznaun 2.2

Top-down
l A Module A
A B C D
Moduie B Module C Module D
YA B,C,D, AN
Module E Module F
E,F

t’:{ ar 1 P 1
adsznaun 2.2 a8 momsmﬁanuumwaﬂmgamnuuaoma (top - down approach)

A Y v o e
nnamszneufl 2.2 luga A ﬁaiu@!amnmwmmwﬁlﬁu@a
' o A e - e \ ) a k)
dagous dadunasevazfiuluga 8 vhannauudmesausaaiuluga A :niuazien

. Py P 1 P % o~ o
aﬂﬂztwuimgaluLLuauauﬂsaLLmm WmLﬁanquiw@a'luumuam:ﬂaamﬂuga C 1fia
‘; 9 | ‘J 3 ) "k 3 ™ b 8 . . Cy s

VR EgRarsfabl
o W 3 o & o Q. o g .c:
E uas F fqaaau LLG!‘W'mEaﬂﬂLW&JIN@QI‘ML‘H’)@ﬁ'ﬁﬂﬂﬁ]"\ﬂLW&lI&Jﬂﬂ B umazﬂaatwﬂug}a

E, F, C uaz D auéau

K o
- prsnaFeuLUUN Igana KLY (bottom - up approach)

1
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ﬁ]xmaauiﬂm‘%umnim@adw qﬂﬁauie}umﬁwhg}aﬂaﬂ‘s:ﬂuamquﬁﬁ’wﬁmLé’Q

o

4 C: k' ] a 1 A 1
nagay mnumwﬂugaLmanﬁa:‘[u@aué"m'mﬁmﬁau duguitldday § IUNTIRLATY

‘qnh{ga faugasdrndalunmndsznavi 2.3




Boltom-up
AEFBCGCDA Module A
E,F.B,GD
Module B Module C Module D
T E,F Module E Module F

l={ ar 1 a ) J’
nvidsznoun 2.3 mamam‘smﬁaumewzﬂu@ﬂmnmwuvu (bottom-up approach)

snmwiliznaufl 2.3 Gudulasmmeseulugs E vuivluga
F riamté"nﬁu“[zjga B Lﬁ"ammaamwﬁﬂu@a E uaz F LLé’fJLf*‘inIuga C onasey
uBnats LLaztﬁuIajg}arjan D uaz A Wanmessufiazluganuddy

4y minagsyuTzauliga (module testing) luniInasauny
samudasluganamunsnhnuldgndamiel msmaamzﬁ'ﬂugaifmzaaﬂﬂﬁ’aaﬁ’u
%uﬂauﬂﬂiaaﬂLLUUSWHQ:L'é'ﬂﬂ (detailed design)

5) MIneNeUTEAUREIY (unit testing) ilunInasauszaudas

t:f r£{ IS a ] 1 [] k] o & = 1 A
ﬂQQLWﬂﬂit UUNTTNIIHTBIULGASARIDHD LI mmmmmu‘lﬁgnﬂaamﬂm PI9

i 2 w & P . .
NedaanuInaannIsiinag (implementation)

3] T SRRSO A IO AT

Tapraldminaseuserdun fazFudunnnsaanuyy “nydinasau” 9
mnﬂﬁamsﬁmumﬁ’agm‘hL‘ff'}LL&maé’wfﬁﬂ'\ﬂ'm:‘l@i’%'umnmﬁﬁw'\umaﬂﬂmnm'lu
soumsalEusdag § tniwihnsdnaseufiasnuunfindmuegadayanasey (test
data) Imanadasin o lullumsdzaansvaslisunsa nniwimmaseulay
msufianisllsunsa wdrheadwfllFauAsuiursdnsiaanisuazapliilu
NEmMMInasny Sauaaswaeummasay lddsnwisznaufl 2.4
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( MsaanuuunIal

vy

lmfﬁmaau {test case)

' Y
Lﬂ%ﬁm]’agamaau
L )

24

TYINATOY (tost data)

Y
~ ~

nagaylsunsy

. —r

HANTINAReY (test result)

Y

[ uipufgunaniinagsy ]

y
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2.1.3 mafamsnagaugarldnad
lumsnagausanawfidazssaunwasiinaiianlduandranuaiaaay
\AINEE (Ammann and Offutt, 2008) ffaatiunaflafifleultlunmimaseudl 2 inaiiacsf

1) Black-box testing WiamimagaultUungadd 1IaTTENI

“MINAaFeULTINOANTTY”  Wievsanidunnma FOUHAT IS ST o W1 LGRS
| v o w . ver " P ' & €0 o
wiauTa i M BANNNN8INT (requirements specification) LWE@'J']‘ﬁE]NﬂLL’JEﬂN’m‘l@

)
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an saanuauasimInield laglidilsfsddomelu Gemanagsuiuuiianinsa
g4 4 =Y J & F!I 2 lﬂ(A L5 ﬂl 9 ¢ﬂl
Sunudafianataluginraaninfimsiemiifianaa nihfinsiauisenisly
FoN 5 a A o LY ) I3
anuRanaavedd T UTzUUEN anuBananavasmidedularhaudanianga
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2) White-box testing #W3an1inagauuuunder iwmimasay
ﬁl‘ﬁlé‘fumam‘uqa;n'ﬁﬁ’mmmﬂmaﬁ%”mmuquﬁ‘lé’mnTﬂmﬂmmah HRONUULNT
nasavfaldmaseuddslyil
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3
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- mﬁaﬂmaﬁﬁwagama'tu'tvagnmanamazm‘lﬂﬂszmawa

gadlilsunsurTeniinsdu

msﬁﬁ%u@‘gﬂﬁ’agmﬁamﬁaﬂﬂmmmmu white-box 3NLILAN
mIaaisan (flowchart) ¥38 n1m3inauadann (process flow graph) amlszlon
o e .é ar & 133 s 9 2 ar
sndslulisunsy Feeinuinaansailudsnuuaasnivinuvasl)sunsuriacanu

4 i FI as [l L ﬁi‘ L
LLﬁmImqfmamuauiﬂmnmmmwﬂiznaw 2.6 (N) UREIAIBENHIHNIgaAARD
Sudhashelusunsulumwilsznaud 2.5 dwndunrimsnavasanuiluuusainiaaslid
wnlassadrenavquaeslilsunsy gyanwullunsarsinavesiwesdsznaylldas
o o A : ™ ' 2 % &

nanasunulnua (node) uszidufidanszwinelnue Fundt ifuiden (edge) lasmialiaz
unutlszluadidindazilzloalulisunsudrs Innandaz lvuaufanidisouszning
Tnuaaufisnisnsrinanusasldsunsy gAY InarasuLEad Wil sznay

2.6 (1)
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Function f1({)

{
()  whileA{

{2) process X;

{3)IfB
(4yifCc
(5) process Y;
{6) else process Z;
else {
{7) process V;
(8) process W; }
{9) } I while

} /f function (10)

i gt ] c} ko
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snwniThasavatniay 1 @39
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2.5




13

nmudsznand 2.6 emwnadunanisnageuIniduma
ﬂ’]sﬁw}mjaﬂﬂsl,l,nsmgnLﬁ’umau.é’awufi’nﬁﬁg:mm 4 1dwmaftezdasnagaudail
11,10
2)1,2,3,4,6,9,1, 10
3)1,2,3,4,59,1, 10
4y1,2,3,7,8,9,1, 10
f‘imuﬂ’q@fl’agamﬁauﬁaaﬂﬂé’aaﬁ'uqmé’uma Mmsnagaulag
lﬁ’fgﬂifaﬂamaauué”n‘i’nNaﬁ’lﬁmnmsmaauumﬂ‘%ﬁmﬁmuﬁ’uwaé’wﬁ'ﬁﬁaﬂszaoﬁ N
sadnin g nmmassuliifiwluaunsdniafotszasiusasliifuhldsunsuezdes
ldsumsurtlaligndes nminaseuuuy white-box Hiadifie sansaamdeianaa

[T A < 3
aasdldsunsnldatneazidea dlasnaresavainnisluldsunsufeiulalédqinldsunsu

ziianutiananatay

2.1.4 Mutation Testing
F\‘ [-] G A ", L=
fddgandznmilslunmassusenduaifedssindawsainid
i S J - -
nasauNaielu (Ammann and Offutt, 2008) %aﬂizﬂﬂﬁmwmmmzﬁﬂﬂﬂangn
~ ~ ] N - [ b= 1-4 i 1 = a8
Usziiulandtanasg  mutation testing 1wAiwnilsfilfilsnlintsz@ninasinyiinasay
a Ao e . . - as o [Y) -
TasndnniAdaves mutation testing Asnmstiunlasuldsunsaduaiundesns
e+ =3 as Gi. 9 s & ‘:‘ r-1\
nagavulidreldnnify mydivulasueznszidunain g ga lapzdSui/dsuiiazga
~ & w4 = P o = 1 £, & o =1
WaadntasdiazFonldsunsufdunsdsulfowidazaiadl mutant anuuwiinsd
RO UNAS IR TR TN U LTS U 01
Y o gA e v ar s R -
fuaansalaanlusunsaduativuandrsnnuaawsf laainlysunsy mutant 92380
&, Al e o - o wr g .
mutant %1 dead mutant Wazi3an mutant Alvnaawiimiaunuldsunsuduaiin live
mutant §1%30 live mutant Al ldnsdinasaula g flwnaawinlduandrdulilsunsy
ﬁunﬁ’ngnﬁunfh equivalent mutant 4w IuTasazved dead mutant UFAID

aoa A a{ Al ] . LY a1 4:%’
1y AnSnnusInsainagautTunin mutation score Tﬂﬂm'l@ﬂ'mgmmma'lﬂu

H#dead mutants

Mutation score =
fHotal mutants — #equivalent mutants
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A a
t3ia #dead mutants  RYNHIEIUINVEY dead mutant
#total mutants  BU8H99IRINTEI mutant YIIRUA
#equivalent mutants nusfiadIwINYs equivalent mutant
‘I’.’A L as G'A ¥ k2 L2 -1
#In mutant  NenualFHadwiAwandeanlUsunsuduaivuas i
equivalent mutant 9:¥il# mutation score Heuyiiny 1 *%dtﬂuﬁﬂgdqﬂluﬂ’mtﬁmﬁﬁ
o o A o z . .
sz Bninwassntdinasauihanfisnsan lunwilsznauf 2.7 2uaaun1svin mutation
testing (Fuauanmsaielalsunsy mutant annldsunsndualiu sniwihnsiinagaui
o T4 = Qe 1 {5 o e ﬂ;
s ldnufiamedulilsunsaduatiuuazlisunsy mutant fiazlisunsy winuadwid
./ o 1 b t:; 4 as 2
1dnldsunsy mutant @ lauandaneaansnldanldsunsuduativldaldsunsa
ol 8 | AI a Ar ] -1
mutant #7344 114 dead mutant mammunniﬁmmn mutant W2 snwuhiildsunsy
mutant g2 lalvmasnin lluandnuradntanllsunsuduaiulidaldsunsy mutant
& . de o d 4 . .
Huiiln equivalent matant IﬂﬂﬂmganwnfamaEmNumtm%n’im’mm‘m’]d’lumo‘] 8

L ar (‘:] ci F=1 o Ad 54 . =1 . .
ﬁzyanmmﬁmaﬁummﬂmauﬂsz WU input K38 output lunszuams mutation testing

i Program Create mutants : mutants E
i — ——» i
R : !
A \d
: :
Run TonP i Testcases | Run T on
t— [
%__ (m mutants
output oufputs
Y :
Compute
mutation score

awlsznaun 2.7 NzUIRMT mutation testing
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Mutation operators (Yu — Seung Ma, et al., 2005) Lﬂﬂﬁdﬁ’lé’@ﬁ‘ﬁ?ﬂl%
mas19lL3un3y mutant 49 mutation operator ﬁ]zg}n’l{ﬂﬁaLﬂuummalumsﬁmﬂﬁw
Tsunsafea$s mutant 15w operator  nsuNUAGIGUAUNITRUWUT (relational
operator replacement) 91ndassnsdwasTiunTude i

1. if (x > 20)
cali A ();

if (x > 40)

e

call B ();

o

sansaa1ollsunsy mutant  Taold operator msunuiidadufinnts
Fvauiluusmiof 1 gt

1. if (x < 20)

2. callA ()

3. if (x > 40)

4. call B {);

P =t = s o Iy .
mm‘rmmwgﬂm:ﬁ'] LWﬂﬂﬁ}tﬂlﬂﬁ')ﬁ"lﬂiﬂﬂ'l?ﬂi’]\ﬂllﬂl;ﬂ?@i mutant UWaRaz

Tsunsu

2.2 UML Activity Diagram

Unificd Modeling Language (UML) dlumwsnidslues (OMG, 2003) #ild
lumssfoluudieesszuy %agnﬁmuﬂiﬂu Object Management Group (OMG) lagld
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Input :

categeny[1...m]{
catnamelf{A)
aplion{1..n] i {a,aa)
condition{1..k} #f {A=a) }

Generate test cases(category)
testcasell...x]{
position[1...y] #f y Is number of position in current test case
condition{1...2] #f Z s number of condition in current test case }
v=1, h=1, x=0, y=0, z=0
for i=1 ta m If number of category
for j=1 to n /f number of option in categoryll]
if tostcase is emply or calegory(i].condition is emply
testcase[v].position{y=1+number of pasition in test case[v] ] = v.]}
{estcassfv].condition[z=1+ number of condition in test cassv] | = category(i].catname + *=" + category(i}.option[]]
v+, i+, X+¢
else
for a=1 to x if {ofal tesfoase
for b=1 to z if numbar of condition in testcasefaf

if categoryfil.condition[b] = testcase(a].condition(b]

flag = true
else
fag = false
if flag = truee

testeasefa) position[y=1+number of position in tesl casefvl ] =[ah]
testcase(a].condition[z=1+ number of condilion in test caselv] ] = categery(l].catname + *=” + category[ij.oplion[j]
h++
exit {oop for a
if lag = false
testcase[v].positionfy=1+number of position in test case[v] ] = {v.h}
testcase{v].condition[z=1+ number of condition In test case(v] j = categeryll].calnamie + "=" + calegory[i].optionfi]

length = 1

g =t o K fframber of condition-in-cefegoryfif
for =1 1o i-1
for =1 to n #f number of oplion in categoryli]
pos= categoryfl].condition(c].find("=") if position of *="in catagory(i].condifionfc]
" atr= categoryfi] condition[cl.substu(pos) f got okt from <“toend
if sir = categoryfe].oplion|f}
testcase[v].positionfy=1+number of position in fest case{v] | = fv,tength]
testcase[v].condition{z=1+ number of condition in test case[v] ] # categoryle].name + =" + category{a].option[l]
exit loop fore
clse
length++
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Abstraci—A key technical challenge in soffware testing is the
design of useful test cases, TFest design can be based on a
variety of software artifacts, including requirements, designs,
or even the implementation, The Unified Modeling Language
(UML) is now widely used to describe objeci-oriented designs.
This paper focuses on orie UML diagram, the activity diagram,
which is used to model software behavior. This paper proposes
the Cendition-Classification Tree Method for generafing test
cases from activity diagrams. Activity diagrams are used to
generate condition-classification rees, which are then used to
creale fest case fables and test cases. The paper presents
experimental data fhat show the proposed method can help
generate a refatively small number of fest cases at reasonable
cost, early in development.

Kepwords- software testing; test generation; UML activity
diagrams

L INTRODUCTFION

Software testing {I] usually involves executing a
program on a set of tests and comparing the actual output
results with the expected outputs. A key technical activity in
software testing is the design of test cases. The goal of this
research is to give testers a way to design and generate
effective tests early during development. In particular, we
focus on developing tests during design specification.

The Unified Modeling Language (UML) 2] is a
collection of diagrams for specifying, visualizing and
documenting software. The languages are primarily intended
to be used with object-oriented software. By using the UML,
complex systems are designed and modeled through a
collection. of views of a_maodel. T i
separate diagrams, including activity diagrams, which are
used to model software behavior. In activity diagrams, the
flow of control is based on decision points represented by
diamonds. The transitions from decision points contain guard

conditions, which are used to determine which path from the

decision point is taken. Decisions along with their guard
conditions define alterate paths through a work flow. Chen
et al, [3] introduced a technique for identifying categories
and choices from activity diagrams to gencrate test cases.
They focus on decision points and guard conditions in
activity diagrams to identify categories and choices. The
paper did not describe a complete generation processes.
Mingsong [4] proposed generating fesis from activity
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diagrams as design specifications. They get relatively small
test suites that meet the test adequacy criterion.

This paper proposes a Condition-Classification Tres
Method (CCTM) that extends the Classification-Tree
Method by using activily diagrams. First, an activity diagram
is analyzed to gather control flow information based on
decision points and guard conditions. Then, this information
is used to derive Condition-Classification Trees. Finally, the
trecs are used to generate a fest case table and then test cases. .
Generating tests from activity diagrams allow test cases to be
generated early, during software design, greatly increasing
the chances of {inishing testing before the softwarc is
scheduled to ship.

The rest of the paper is organized as follows. Section 2
introduces the background. Section 3 presents the Condition-
Classification Tree Method. Section 4 discusses a case study
that was conducted to evaluate the CCTM method. Finally,
conclusions and future work are presented in section 5.

. BACKGROUND

‘The Condition-Classification Tree Method extends the
Classification-Tree Method (CTM) and generates Condition-
Classification Trees from UML activity diagrams. This
section provides a brief overview of these topics.

A UML dctivity Diagram

Activity diagrams are used to model the sworkflow
behavior of a system. The diagrams describe behavior by
modeling the sequence of activities performed. Figure |1
shows a UML activity diagram for a small sales order
processing system for a retail shop called SALES [5]. For

ach-purchase;-SALES-aceepts-the-customer-and-purehasg ]

defails and decides whether this purchase should be
approved, The basic elements in a UML Activity Diagram
are activities and transitions. An activity is a function that the
software performs, and is represented by a rounded rectangle.

Each .activity .diapram has..one . start activity, where.the ...

sequence of actions begins, and one finish activity, where the
sequence of actions ends. The start activity is indicated by a
solid circle and the finish activity by a bull’s eye. Transitions
show control flow among activities, and are drawn as drawn
directed amrows. An activity diagram can be used to describe
complex sequences of aclivities, with support for both
conditional and parallel behavior. Conditional behavior is
described by a branch and a merge. A branch has a single
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incoming transition and at least two guarded outgoing
transitions. A merge has at least two incoming but only one
oufgoing transition. Parallel behavior is indicated by a fork
and a join. A solid thick bar is called a synchronization bar.
The fork has one transition entering into a synchronization
bar and at least two transitions exiting, all of which will be
taken. The join represents the end of the parallel behavier
and at least two transitions enfering into a synchronization
bar, and only one leaving. A Swim lanc groups related
activities into one column, Table 1 shows these activity
diagram symbois.

TABLE L BASIC ACTIVITY DIAGRAM SYMBOLS

Symbaels Names

Start activity

Final activity

Activily
Slatel

Branch, Merge

Transition

limpe

paiten Swim lane

NI

Foik

[\

B.  Classification-iree Method

Grochtmanit and Grimm [6] proposed the classification-
tree method as an improvement on the category-partition
method. The classification-tree method helps testers
construct test cases from specifications by using
classification trees. Classifications are criteria for
partitioning the input domain of the program to be lested,

randAclasseswareqheA-disjeinpsu&WMIuM@mdwmmmmmdimﬁmnﬁomﬁhﬁw

classification. A classification tree organizes the
classifications and classes into a hierarchical structure
according fo the specification. The classification-tree method
has four major steps:

... Analyze the sofiware specification and identify all

the classifications and the associated classes.

2) Construct a classification tree from the classifications
and classes.

3) Draw a test case table under the classification tree,

4)  Identify all possible combinations of classes from
the test case table. Each combination of classes represents
one test case.

NI, GENERATING TEST CASES FROM ACTIVITY
DIAGRAMS UsING THE CONDITION-CLASSIFICATION TREE
METHOD

The CCTM generates test cases from UML activity
diagrams, Figure 2 overviews the test gencration
methodology.

The CCTM methed works in three steps (A, B and C), as
described below.

Generating
Condition [
Classification Trees

:

Creating Test

Test Case Talle
i e

Generating
Yest Cares

Condithiu-
Classificetiza
Trees

.......

Figure 2. Condition-Classification Tree Method

Step A: Generate condition-classification trees using
UML activity diagram

The UML activity diagrams are analyzed to extract
behaviors of the system at the decision points and guard
conditions, Each decision point and its guard conditions are
used to create a condition-classification tree as follows:

1} A decision point is placed into a category that is
represented by a start node called the category node. For
example, in Figure 3, the decision point B is represented by
the category node B, as shown in Figure 4.

2)  Transitions that start af the decision point being
considered are analyzed to create child nodes of the category
node. These child nodes are called option nodes. In Figure 3,
for example, the decision point considered is B. The two
transitions out of B are considered to generate two option
nodes bl and b2, as illustrated in Figure 4.

3) To identify conditions in the tree, decision points
before the decision point being considered are analyzed to
coliect their puard conditions along with path that was taken.
Each collected guard condition is enclosed by square
brackets [ ] and put in the top of the tree. For example,
Figure 3 shows that the decision point A with guard
condition al must be taken before decision point B.

shown as Figure 4.

Step B: Create test case table
1) The condition-classification trees created in step A

are sorted by-the number of conditions from small to farge. -

If some trees have the same number of conditions,
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A
[al' : l
o
k1 Lizd]

Figure 3, Example of decision points

P

Figure 4. A simple Condition-Classification Tree

they can be sorted in any sequence. I'or example, seven
SALES. The

e = 4y

tree Customer status has one condition and the tree Whether
fransaction has two conditions, thus the tree Whether
{ransaction follows the free Customer status. Figure 5 shows
sorted condition-classification trees for SALES.

2)  The grids of the test case table are drawn under the
sorted condition-classification trees. The columns of the
table correspond to the option nodes of the sorted condition-
classification trees, The rows represent potential test cases.
Figure 5 shows the test casc table for SALES,

ARG NN ] N AR IR B RS

T
ELOTFLITR

Figure 5. The sorted condition-classification trees and test case table for SALES

Step C: Generate test cases

Each row of the test case table represents a lest case. A
{est case is constructed in the table by marking a combination
of option nodes that depends on the conditions of the
condition-classification trees. The marking is carried out
follows:
ek} -tr-serics-ofsorted .condition-classificati i
have conditions Is considered one by eune from left to right.
Each option node of the considered tree is marked with
option nodes of left trees that correspond to conditions of
the tree under consideration. In Figure 5, for example, the

2) If the conditions of the considered tree are the same
as the conditions of the tree to its immediate lefi, each
option node of the tree under consideration will be marked
by using the test case marked on the previous tree. For
example, the tree whether fransaction has the conditions
[eustomer status = deactivated] and feustomer No. = exisis/.
By the condition feusfomer status = deactivated], each

torr-niode—of thetreewhether—transactionshould-be o

marked with the option node deactivated from the tree
Customer status.

considered teee Customer status has the condition feusiamer.. ...

No. = existsf that corresponds 1o the left tree Customer No.,
thus two test cases are marked:

1. The option nede activated of the tree Cusfomer
Status is marked with the option node evists of the
tree Customer No., and

2. The option node deactivated of the tree Customer
Status is marked with the option node exists of the
tree Customer No. as shown in Figure 6.
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L3123l

Figure 6. Test case generation by considering Customer status tree
Because the condition fcustomer No. = exists] of the trec
whether transaction is the same as in the tree Customer

status, this marking should be done continually by using the
second fest case as shown in Figure 7.

3) If any option nodes from the condition-classification
trees are not marked, each option node is marked to be a test
case. Test case 7 in Figure 8 is an example.

Figure 8 shows seven test cases generated by the above
steps for SALES. The original Classification-tree methed [S]
generated 30 test cases for SALES, more than four times the
number generated by our CCTM method,

IV. CASESTUDY

ad e

Figure 7. Test case generation by considering Bhether transaction tfee

N

R

Figure 8. Test cases for SALES

This section presents two small applications, Payment
and Car Parking, which are used to evaluate CCTM’s ability
to generate test cases. The Payment application calculates
monthly payments when a user buys goods. The Car Parking
application manages car parking times. These applications
were designed with the help of activity diagrams and

implemented in Java (Payment class and CarParking class).
We generated ten tests for Payment and four for Car Parking.
Table 2 shows the description of cach class. Column
“SLOC” shows the source lines of code. Column
“#ethods™ shows the number of methods.
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TABLEIL Description of each class used in case study
Ciass name SLOC “# Methads
Payment 74 3
CarParking 30 4

We used mutation analysis [1,7] to introduce faults into
the Java classes. Mutation analysis is a fault-based testing
strategy that starts with a program to be tested and makes
numerous small syntactic changes into the original program
(or the specification). The modified programs are called
mutants. Mutation analysis is used to evaluate test sets, based
on the number of mutants that fail, or are killed, The ratio of
killed mutants to fotal mutants is called the mutation score.
Mutants are obtained by applying mutation operators that
introduce simple changes into the original program. For
example, an arithmetic operator may be changed from
addition to subtraction,

This study used a set of replacement operators designed
for Java by Ma and Offutt {8,9] (not all muJava operators
were used, just the replacement operators). Mutants were
created by hand. There are 55 mutants for Payment and 77
for CarParking, as shown in Table 3.

TABLE L. Case study results on the Payment and CarParking classes
Class # Test # Mutants | Mutants Mutation
name Cases Killed Score

Payment 10 55 48 0.873
CarParking 4 77 64 0.831

V. CONCLUSIONS

This paper provided a method to aulomatically gather
control flow information from decision points and guard
conditions in activily diagrams. This information is used to
construct condition-classification trees. These trees are then
used to generate a test case table and test cases.
Experimental data show that tests generated by the CCTM
method have strong ability to detect faults. We have
implemented a test case generation tool that supports CCTM.
In the future, we intend to improve (ke tool o automate the
enlire test process and evaluate our method with more
complex systems.
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