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Integration testing is to find component faults that cause inter-component failures.
Integration testing for object-oriented software needs ordering classes to be tested.
However, a problem of ordering classes is the determination of cyclic dependency calls.
Most approaches proposed ordering classes by removing relationships to break cycles.
Removing a relationship would require a stub to be created for testing classes at the end of
the relationship. This thesis presents an approach of ordering class for integration testing
using object-oriented slicing technique to break cyclic dependencies. The objective is to
minimize a number of test stubs in ordering classes.

The proposed approach consists of three steps: analyzing relationship step, breaking
cycle step, and sorting class step. In the analyzing relationship step, this research uses
tarjan algorithm for detecting cycle, then classifies classes with cyclic dependencies to cycle
type. Breaking cycles, which is the next step, uses object-oriented slicing to break cycles by
cycle type. After no cycle remains, the final step is ordering classes. -

This thesis develops a tool to test this approach and, to demonstrate ordering
classes for integration testing from object-oriented software. The result of our experiments
with three case studies indicates that an approach for ordering class integration using

object-oriented slicing technique use less test stubs than other approaches.
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1) il siaTualiy (Source code) LﬂuﬁagamLiﬂ@mﬁmsma‘hmumaa
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2) NWATEiiRIsInANNFTIRRETIeaaTTia Bulgaunud (Inheritance)
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(Association) s

3) miéfmLLU’Jﬂmaluaﬁues%ﬂfﬁ%mﬂﬁﬂmiﬁ@mm%ﬁmq

4) muﬁ%’mﬁ"l,sjmauﬂqummﬁuﬁuﬁmuiwﬁua‘?ﬂﬂ (Polymorphic) wazn138ia

wignaia (Dynamic binding)
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2.1 nouiNiNazas

2.1.1 nqu§)n3 W (Graph Theory) [5]
= & = = P = o
nouinaiduwansinisvasnaweladlumafa Ssaulaianizlasegiis
a A:ll |¢:§/ Q A > Al v =) dq,
maagmsmﬂmwvlwuﬂwm@ J28E KIANTIALA G I@m;mm@mmmmgnmﬂu 11
ndymazwiniiailaslafingiisn (The Konigsberg Bridge Problem) iiasiiniz
AN 98¢ 2 1z NANgUAi LLazﬁﬁZW’IuL%E}NﬁGEIE]GEJGLLSJﬁWﬁULﬂ’]Z&E]GLﬂ’IzﬁE]Fq]i 7 WHI
ALY B IBUADINITLAUNIIDANIINT TN RENIBNILIALAILNDIATILALT LASLAUNI
[ Y] ‘:SI o S’dyd =1 a =
NRULY TINTINRIRDIBNTBN AT suaanutdwnsn (Graph)
nlasnaldudseaniilu 2 afia Ao nawlaiszyfianig (Undirected
Graph) waznWIzyfian (Directed Graph) Litasanaudunussznivaaadung
BUNLULNAANII A9 mu"?%’ﬂﬁ‘a’jﬂ%ﬂﬁm:qﬁﬂmﬂun’mmmmmé’uﬁufmaaﬂma
2.1.1.1 ﬂiﬂWi:qﬁﬁma
nndlieny NS Yane G = (V, E) lauf V fa ﬂq'waﬂvm@
389068 (Node or Vertex) V = {ny, ny, ..., Ny} [6] Tnuanauafinas Las E fa NENYDI
2 d' a J £ dl' =3 % % 6 '
\§wiTay (Edge) E = {e), € ..., & WiuIduf ImTaununafianusuNusIznIng
£ dl dlt:ln & > > tﬁ =
ama uazlidnanninaniilag e, = <n;, n> Lﬂugau@waﬂ%u@ n, N, € V@9 n; fg
TAuaTudAn (Initial %38 Start Node) tag n; Ao lnuatanenig (Terminal or Finish Node)

@Taashaﬂs’mls:qﬁﬁmaLLam@Tagﬂﬁ 2.1
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2.1.1.2 @n3uadlnua
Inualunmwszyfiansinugasszaunisdiuazaansadlnua
faaluh
1) Bu@n3 (Indegree) Aa wruvaFULTaNNEINNAua n laq
lagluuanuazgniarssniadisndulnuaarunis dudnivaslnuadouedlugy
indeg(n)
2) L@7116n3 (Outdegree) Aa INWINVBILFUTONNBONINNLAKA N
& A A & a o ea A a .
lag laslnuanuazgniansaialenidulnualiudu tarvianivasinuadiouad lugd
outdeg(n)
2.1.1.3 shavadlnua
lunseSuonmvszyfianainiainuadnsnzvailnuadadalud
1) InUAGUNI (Source Node) fia lnuandBudnIivinAugud a1n
U7 1 Ao lnua n1 uaz n3
2) luuadaioni (Sink Node) fa lnuafidianvidnIivindugud
9n3U7 1 fe lnua n5 uaz nb
3) lauadIn1w (Transfer Node) fla lauaniiduanIuazionrians b
wiiugud n3UN 1 fa Inua n2 waz n4
2.1.1.4 30 (Path) uag N30 (Semipath)
firnnsasnisiseulnuadivanitlunsiwszufianis Jduiw
fadaluh
ad A o @ v A A v A Aa o
1) 31 e Seuvanduison Tigrasdwzaunfanulag e, ¢ 2z
a o v & A v A < ) v A A
Spesmauidatialrnualaiansuadidwsonnin e ulnuadunisvadfwgonnaay e
A Y | AadA aA =2
NN3UN 1 d2881930Ae 30970 n1 019 n6
2) loifia Ao Ayfianeniilnuatuduuazlnuadaiomad
Inuaidernu 91n3df 1 drednaloidade 3691 n7, ng, n9
3) N4IN fa MauveaFwTen Tiladiasnikgdidutonlay e,
g  Nlnuadumadulnuaidoinu niaiilnuadamsmadulnuadeanu angun 1
o & adA A aa !
fagnenidnae NIINTTRINE n1 Uae n3
2.1.1.5 n-Connectedness
migensadlnuala g lunnwszyiemaiiaadalud
1) O-connected fa N3 kTAAla g NiBanszninglvua n uaz n,

mﬂgﬂﬁ 1 @a n1 waz n7



A Aad aa A A '
2) 1-connected fia MINTNII3Tla g MiTansznitelnua n, uaz n,
ue luRAanTa lalasase n3U7 1 fia n2 uaz n6
3) 2-connected #@a NINIFATlag MTanszwinglvue n, usz n,
mﬂgi.l‘?i 1 88 n1 WA N6
4) 3-connected fia M3NTAla g Maananluua n, 1 n; uaziiad
Maananlnua n 'l n N3N 1 A8 n7 sz ng
21.1.6 mﬁmaaaoﬁﬂszﬂammmﬁa (Strong Component)
. & & A . A A
nguvadaIflnauLULLDY fa ﬂquaaiﬁmlumwm:qﬂﬂmm
{ > ‘é [~ Qs :/ { 1
inaaunuuuy 3-connected GaLIuan®Mz8INITINTY (loop) 1NFUN 2.1 fia ng
284 n3, n4, n6 ?ﬁamaﬂ%'aL‘%ﬂﬂ'é'ﬂaamdhmjmaamuﬂszﬂauﬂﬁﬂ’m%amiaﬁ'ugm‘%aLaa
T (Strongly Connected Components: SCCs) MatTaunuansmehnaliiiadymluns
WISAUNIMAREY AI%uIIcaslinsuidywiainaalagieinsauisubauunsiduie
] [N 3/ Qﬁ =2 U A = o > P= - 1l A A
1alwAan1Tws 3 nBwiIdas19nInaLadlunisnigiadunitinanalad aratiorad

LLamﬁogﬂﬁ 2.2

P P T PP PN

L LT TP e
:

B RS N Ry

Graph with SCC marked .

il 2.2 mjmjaadauﬂsznauﬁﬁmn?ﬁauda NWEY %38 LaddD

u

2.1.2 MsnasauzanawILB9Ins (Object-Oriented Software Testing)
NI ranauIsaren1Tloullsunsuidaiag (Object-Oriented
. = wa ' ' ' Y % .
Programming) mﬁqmauumamwﬁu mwaﬁw%mmmﬂqmmu (Encapsulation) N3
(3 A a A € L o A a 6a| K
JunaanIaduigesIunud (Inheritance) Waz NIzWRAMIIURIo WA THTY
. ° LY d v A ° &
(Polymorphism) ¥ lWnInasauiiendafianaravasldsunsuiiaanuendiunniv
anwcaInanaliiataRawaa [1] asaratnida luUf
=< A a . . . % Aa [ €
- mstawiiaiwada (Dynamic Binding) wazlasiaieduiaaSsunuduuy
Futen Mlrnsiiadefianaraannmisiiauniond lildaa’ld (Unanticipated Binding)
A a AV o o
wiamifanun ligndasvaamsldnu
- TaHawanavadgInaalIzaw (Interface Error) L. ulalRanana
< A a £ a o @ | A o
lapm lfiAadulunwiBanszuiud a9 (Procedural  Language) wallun1sid4iag
(Object-Oriented ~ Language) % Usznaualsainldsunsutas g iusrwinunn vinld
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PORANAINVAIFING 0L TZE WA IRINAY

- Lﬁaamrﬁ@lqﬁﬂ'ﬁmamwmaoamuz Lwimsmuqmmuzﬁfu 4Ny
ﬂizﬁnyagﬁ"sﬁﬂﬂmﬂm ﬁﬂﬁmimuquamuuﬁ@ﬁaﬁ@wm@"lﬁdw

INA1LNITAHANAINAINED ﬁﬂﬁ’msmaaumaW@TLLﬁL%ﬁ@q@Taams
InaiaLanIznIslwnIInagay mu%’mﬁlﬂumsmaauLmugsmnmi AILWIINNIT
ﬁmimwﬁomm@;LLa:é'ﬂHm:"fTaﬁmwawmaamu@iaﬂszmu wazluniInagausInea

a o o & A A r 1 \ o @A

U3z R I MIFTIRAVT LN ONAFA LN TaNdaT kAR aIwlUTUNTN  laugaunda
U dl v ‘g/ o ~ o = ﬂl Y
dulusuniufaisdunilagdiaesng@nssunisrinauaedldsunsuase ialdain

Tsunsua3eang sansasenldnwldacniandas
U

Aac A 4 %
2.2 MIVNLINLIVY
2.2.1 M39udane37ia (Tarjan’s Algorithm) [7]
€ o a X & o a s a A ' AA
nmiTudanainuiduaanaifiulungujniwnlilunimvinguieadsd
oana3NURTAUIIUNIIINNIIAUAINLKIRN (Depth First Search: DFS) uaziinisldnay
Fau (Stack) LAUlHRAlUANIALEEET udazlnua (Vertices) DNAABANILLAVATL
MIAUAIAUUWIAN v.index  LAURNLLAVAINANZABLHBINUANNEIAUNTIENETS uaY
waazlruagsdnmsiinuadl viowlink lagl# viowlink := min{v.index: v’ is reachable
from v} @1 vlowlink = vindex udalnuafioglunasfoudalnuaneglunduiosdd s

1l (Pseudocode) ¥89NNTIUBANBINNUAAIAIFUTN 2.3

Input: Graph & = [V, E)], Start node w0

index = 0O F4 DF3 node nuxber counter
S = empty Af hn empty =2tack of nodes
tarjan(vio) ff Start a DF3 at the start node

procedure tarjan(v)

E w.index = index ff Zet the depth index for i
i w.lowlink = index E
i index = index + 1

E S.push (v) /¢4 Push v on the stack 1
' forall (v, ¥') in E do {4 Consider successors of

; if (w'.index iz undefined) [/ Was successor v' vwisited? |
E tarjan(v') // Recurse 1
! v.lowlink = min(v.lowlink, +'.lowlink) E
i elzeif (v' in 3) A I=2 w' on the stack? i
: w.lowlink = min(v.lowlink, «'.lowlink) i
E if (w.lowlink == +w.index) ff Iz w the root of an 3ICC? E
i print fT3CC:™

E repeat '
i w!' = &S.pop E
i print ! !
E until (vw' == W)

a o o~ fo o a
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Types of edges

tree edges ——
frond edges ————--*
crossedges —— >
forward edges———-———- >

Non trivial SCCs

[

Vertices and number
9

O)

e ——————
— S—
- —

{ 6 o Qs a a y
5 2.4 NI ANDINN LA BHAVDILFWLT DN

% Co o AR [y AAA o A v A =
mslamsanaanasiulunsamnadueadsinsinuafionuiduwandy 4
nau aadalud
U { U v U { & Q {
1) \FBaNuwuUUan Y (Tree Edges) Aataunannannluuanitslugslnued
{9 bl laazHu
2) wwTanuuylddneniin (Forward Edges) AalauniTanlnuauanioads
3) LRULTaNNTAUA (Frond Edges) Aatduiiannay bUdilnuaaunini
UIZHIBILE?
v A o A v A A ) @ v .
4) &N (Cross Edges) fa iduitanszrinelnualudu ldidiudas
(Subtree) fisnarin usagluloadBifonu
9n317 2.4 Non trivial SCCs fanguiaadfdaslunyffinannit 1 lnua
RRIINNNTATIILAILNTINSANSNN wazlnuaalatrslunsaudiueinarsfaluua
a v R A o oo o A
wea (1) lasfinansieunisdntfenanoias 9 uazluurunwdulidhudrovasln 2.4
ilnua b, f, k \Dulwuasn (Root Node) wunofis lnuausnlunguieadd Ngnuiznin

ﬁ]’]ﬂﬂ’]iﬁ%(ﬂ’]&ltt%?ﬁﬂ

222 m‘séfﬂd'aw,%ﬁmq
s 1 - A a ] A a [
MIfaaIulusunsn (Program  Slicing) Aainaftnadnanitalumsdiasgs
Tdsunsy lagvinnisuunginnaulasanainarlusunsy Lﬂﬂﬁﬂﬁgﬂﬁ’]&l’]ﬂizﬂqﬂ@ﬂ“ﬁd’]%

NIAINITINTaNGUITAN9 9 LFun1Iinaudnlaldsunsy LATNITUAAUNNIDY



(Debugging) tHuan L‘Y]ﬂﬁﬂﬂ’]i(;f@ﬁhuIﬂiLLﬂiN‘lquﬂiﬂuIﬂSLLﬂiNﬂituﬁuﬁﬁgdLL‘].IiU
9463 (Traditional Procedural Program) Lm'f%m%’uiﬂmﬂmL%ﬁ@qﬁﬁ@mawﬂ‘aamdmu
nIreku nItunea uazlninasidn inldanadunussznitsdindisg nelu
Tosunsufannninlusunsunszuiwsnas é’aﬁ?u?iaLﬁ@LLmﬁ@miﬁ@mm%ﬁm [8, 9]
ém%‘umaﬂﬁuﬁﬁﬁwmﬁaUﬂﬁiL%uIﬂsLLﬂiwL%a‘T@]q Chen Wag Xu [8] L&uHa3I®N3
ﬁ%'m%'ué'@muiﬂmﬂmL%ﬁ@]qmmm’n Gait

2.2.2.1 MIAAEIIAL (Object Slicing)
Q 1 Q Qs ' Q Qs é
NIAARIUTAN ﬁamm@mﬂ@mau%Lam:mqlm@q%uwaa
&’; [ 1 > n? o = U [ =3 d'd
ARNETH Y N1TAATIUIAYHITHINTAILANIZTDAI1U I (Statement) lutuniaana
wanszwuﬁui’mqﬁuaanm mié'@dm"i’@lqﬁa:ﬁwmsﬁﬁaﬂmué’aluﬂmaﬁumaﬁﬁmi
ﬂizmﬂi'@lq LLazéfmhuﬂmaﬂmﬂmaLawwzﬁi'@lqﬁfuﬁmwﬁwﬁa é’aaﬂ'wmiéfﬂmu%q

LLa@aﬁagﬂﬁ 25

B
A F
private intx =1,
private woid mh1() AT R’
pwblic void mall) {
{ mty=x,
Ehl=newE(; 1 public woid mal) private intx=10;
blmbi() public void mb20 { private void mh10
{ B bl =rnew Bi); i
Bh2=newB({; mb1(; bLmb1) inty=x;
b2mbaly 1 J i
H public void mh30
{ (1) AT A ME4 (4) AFIE B 1Hd
} a 1 ar 1
) ARIA ARG R AR ea

@) AnIE B

3un 2.5 msﬁﬂd'sw"a’mq

gﬂﬁ 2.5 LLammiéT@dm*T@lq b1 WaIARTE B NinsdsznaluIvg
v = { v > g 1 Qs
AUATUVAIARIR A ﬁnﬂgﬂﬁ 2.5 (N) A& B flms&mamq b1 WAy b2 A W6 lwn1Iaa
dmi’@qluﬂ%’aﬁﬂmsmwmww:i’mq b1 AILUTAAINRIILARIE A ﬁLﬁmiTaaﬁ'ui'mq b1

F9nnisaani KaTeInIdadIRIng luAME A LEaIaIILAN 2.5 ()

lusvimduativvasgun 2.5(n) 1ag b1 Imadriuaniziufiaa mb
V090a1& B Uazglf 2.5 (1) usadaana B Nllufiaaninue 3 wiiaa uellariminasin
luaana B 39rn5asiufian mb1 wazann@n x NNe929nuINan mb1 88NNT HAYY

mMIdasInIanluaaa B usadaigif 2.5 ()
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2.2.2.2 NMIAaaIuAana (Class Slicing)

NMINATIUANE ﬁamsﬁ@mamuﬂmaaaﬂmimmumaaﬂmaﬁgﬂ
FAFIHOANNIIZULNINNANIRLANDENIBATE NIFAFIHAAFALSNAUIINNTRINTIN
Foanusluasadunanan mnfuﬁwmﬁumam%ﬂ‘ﬁLﬂuiagaua:wﬁamamma
Us19m97ia199: 8BNS nan Ut anNE I 0IAN RS WNINIENNT FNITNLAZINTDARINS
mammm:gné’@muaaﬂmiﬂsJ"L&iLmﬂmmmmsmmaﬁmqﬁmmmmmﬁmﬁ‘u T
nwispianlaanizmisaginnaaying Hasann e ian s ussning

ﬂmaa:ﬁmimmﬂi'@lqﬁmmﬂﬂmmﬁmﬁ'u é'hasiﬂdmsé'@mui'@lql,mmﬁagﬂﬂ 2.6

B
B *
A Iy
private mtx =10,
private void mbi{ private intx =10,
public woid malf) i private void mb1()

i inty=x; {

B bl =new B, i ity =x;
b1mbif) public woid mbaf) |:> 1

{ pwblic woid mb 20
E b2 =new B(); mh 1) {
h2mb2(); ' mb1();

} public woid mb3() 1

i
AT A } (F) ATRIE B YHans

(1) FA1E B s

311 2.6 NsAREIBAATE

mﬂgﬂﬁ 2.6 LEAINIAAFINAANT B ﬁgﬂﬁamﬂﬂﬂma A ﬁnﬂgﬂﬁ
2.6 () A& B An3ai9dag b1 uaz b2 SFenwfieaiuand1aiu udlunisdasin
ﬂmm:vl,&iﬁmnwﬂmmLmn@hwaﬁ@q AILUIINTING 2 LUNDALUIINN MIRR

AualULIANIR B lugﬂﬁ 2.6 (1) lufia@ mb1  UAz mb2  zONAIBANUT IINUUTY

v o &

PN = A A 4 A oA < a a &
NAIVTUHNUNDALRETUIDNNLNGIVDINU 2 LUNDAY LDIINNLUTIAN mb2 UNITLILNLUNDA

'
= a

mb1  WGLUTIaa mb1 Lﬂumﬁa@wgﬂwmimﬂﬂLLé’ﬁﬁwVLﬂﬁmimﬂmuﬁuﬁLﬁmﬁaa
doli) au1%n x RendasiuiuRian mb1 GIERaNEN X WYNAI08NINEIY FINTLINTIEA
mb3 lleinsdndsanesa A uaslidduAsidesnuidion mb1 uaz mb2 Gt
wiiaa mb3 F9laignrimIdagIueanin HaTBINIAATIUANNE B ﬁgm’%snmnama A

LLam@T\agﬂﬁ 2.6 ()
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2.2.3 Test Order for Inter-Class Integration Testing of Object-Oriented

Software lag K.-C. Tai ua F. J. Daniels [2]

NWITVH AUNLFWINITRIEIAUNIINARDU LA B LLIA R AN UIZAURAN

. % ' . ° o XAad ° %

(Major level) uazszautas (Minor level) laamstnnuaseauhiuaaunisfinaunany
agaaaij’umu Ao

- ﬂmaﬁagl'slm:é'U%é'ﬂﬁ]:ﬁLL@immé'uﬁ'quLuu%'wm@ LRTAMNUFNNUT
LULWONNILNT YN

- luszdunaniauanuazuiindazaaigaantdunizautay lagd
ANMNRNANUTLULLNEING (Association) LNtk

mmammmé’mﬁuﬁi:%dwﬂmamaamu‘i%’sﬁlﬁmumwmmé’uﬁuﬁ'@]q
w3aleansa (Object Relation Diagram or ORD) lunsshane TINRINNNNITIABATLAL
g 1 U dl' a d'&/ 1 s A a J a v c‘lp A % > 6
AINANILRD LNANILIUNNURGDNULUDNIINAUL ITUILHALLRANAUANNIUNWTUD
A o & A o a 40 & Jd A o o v o gd
WAEWUEINTIANIEENNTuGRNULLLEY dnIuaaFUMaNITaInNUFINUEYN
mJaam:gmﬁwLﬂuaé’uém%'ﬂl:ﬁmaau LA aUAMNFUNUTIWATENI LUNLNITTUNN
&/ 1 Q v v o s o a
AnGaNuULUURIILAL azlTnTBsIdauLLUNawalad lunsnisaunIIasay

o [ A s oo gl A o a AL . o a & =

FIRIVNITLRANAUANNFNANRTLNDVIANTLILNNDUA DN UL DRI WIZH
MW INTUE93AIN (Weight function) Fuaa lALARLANUTNNBTLLLINEINGE
1aaMIEWITNNTEIIHNAIN (Weight computation) 28935% Ao NATINVBIANMUINNUT
ATININARIFAWNIILAZ AN TN UTNANIINARIFUAIINII AMUFNWWINUUNRUIN

P A o a AL @ a
Uqﬂﬂq@ﬁlzgﬂaﬂaaﬂLWﬂﬂlﬁ]@]ﬂ’]ﬁlﬁﬂﬂﬂ"ﬂ%(ﬂaﬂ%LLﬂUﬂJfJ\‘]

2.2.4 Efficient Object-Oriented Integration and Regression Testing Tas Y. Le

Traon, T. Jéron. J.-M. Jézéquel, LLaz P. Morel [3]

NUWILVAI Traon et al. T lGUILFWALLLFIRAILAZITNNITIILNBEIARTLNNT

>3 . i & o d ¥
‘n@aauLLUuyimﬁmma:mi‘ﬂ@aaunauﬁu (Regression Testing) TILUUF 18097 [ TUEN
[ %) 6 1 & s [ 6 A AaAaaAa
ANMNFUANBTIZRINIAF LTB NIAWULFEAIANUTUABTVRINITNAROURIONAI (Test
Dependency Graph: TDG) z%m%’umﬁwLmuﬁ'm%'umsmaauLL‘uugsmﬂmsﬁa NI
o %) v Qs >3 =Y é ¥ v
shaumanagavlaglinisausanaifiv [7] FIRAURFIHUINNITAUAWURITNLWNITHY
1 1 { { 1 Qs o > Qs I&/ 1 a
ﬂqmjaamuﬂixﬂauﬁﬁmsﬁamaﬂuga LAZEIRIUNITVIANITEIINNVUA DN WLUD NI
aa A = o o A o o Aa ' & o ~ P ' A
AsiazifenauANuFNRUEALII NI SIaaEN a1t i ningINge Tad1aIna1Nfe
° % o ¢ 6 & A 0/ o 6
IVIMANVTUNBTUUUNTOUG (Frond Dependency) D89AaN&I S TIAMNVTNNUDULLL
6 A a [ {nl' ) & o A J gﬁ @ a

Wiau@ﬂammauwuﬁ'ﬂgﬂm%u@mﬂﬂmavsmvl,ﬂmaﬂﬂma'ﬂm I@&Jﬂawauuvl,@gnl,@u
NI I LRI NI TA BRI ULUIAN

NIMNLRAIAMNNFNNBTUDININAR U LT L N1TaTUIUNITAAFIUARTF b

INMIFVT LWIIENITAAFIRARIRUBINIIAA I UIZAVVBILNN DA LAZNTINHALFA
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ANUFURBEUDIANEINIZAY LTiaa ualilasanmsulasenusuRuiuuy aoulnaa
b (Composition) LAZNTWITINNFUNIBUANNILNTY (Aggregation) INNUNUKNIWARIFVDS
gL8uLaa (UML Class Diagram) lTuidunnnuaasanusunuiuaInIInagauvad Traon
et al. [5] '«Jza%islué'nwmzmiﬁfﬂﬂ%aﬁmmzﬁu LA wIToiasinnuaanuFuRRERaN L
agilué’numzmsﬁmmuﬁm fFWIUNIRNNANNFURRTUUL AN INRATULAZUULLEN
n3induin Inanaduiyndafudaansoinsiiduamadums lusmsiaaadndiuis

c.i a > £ =S I3
°n;dn@mﬂuLauﬂmﬂuﬂmaﬂmuma

& A

AN LFAIANNFNNBTVBINIITNARAUL T WLV VIR0 IANUFNABTNU UG D

NN ATIFTIRANTERINInaN NG TIRAa AaNEVEIa LITIaa luizum%ﬁmq Reny
) @ % '3 1 % % o

Taan2lduasanusuNLINIBAaNwUaIN1INAFa U NI TN LRAIANNFUNWTVAINTT

N
NOFU YOI

2 Ty
TD #38 Test Dependency fa mIudanulunmInasey

%

i .
CD 738 Contractual Dependency fia MITuGaNblas AR LIHNN

¥ v q

A o

A : A & ' a v
ID 938 Implementation Dependency @8 MIBudanwluuIn1s¥inla

AN
[~ ] A ) A o

- CCD w3@ Client Contractual Dependency fia M3liudanulasd N
HAWBNUHISEN

- - S R - - SR

ﬁu@mmmﬂu@aﬂuugmmdnqmﬂu 3 TReUaIMITndanulumInagay
o &
I

1. anesslUfinans (Class-to-Class)
2. nWNea lWNAa& (Method-to-Class)

3. nwdienlUfiwiion (Method-to-Method)

2.2.5 Revisiting Strategies for Ordering Class Integration Testing in the
Presence of Dependency Cycles Taa L.C Briand, Y. Labiche Ltaz Y. Wang [4]
NWATHw09 Briand et al. AIAUTININNAT04 V. Le Traon et al. uaz 35
289 Tai N Daniels - lapauauusn finslamsaudanaifinlumminguvesieads
wasanuulunsrsanis s unfidnde A uuuudig az18enaUANNTURNRELANE
AN NFURUEULLILA BRI 5% S‘fmmmé’uﬁuﬁfmzﬁaoﬁmmaﬁmﬁﬂﬁgoﬁqalumﬁu
POIARIENNINTIN LL&:ﬁ];’ﬁﬁsg’]vLﬂL%.ails] auniimsBunidudanuuuuiissaznuely
fWSUM I BNsE RNl e Nad U aI iU Tues Tai AU
Daniels LATANULANAIN® ki A1E219%IMENLAAINIIWIRANUTURBERLE ]
ﬂmaéfumoﬂmﬁ'm’im’mmmﬁuﬁufﬁaaﬂmﬂﬂmaﬂmme ARLNNIIIARIALNT

NAFAUVDINUIT LLﬁ@x‘i@TﬂEﬂﬁ 27
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o &a

31N 2.7 aAnadNRwSignataanuaza1aUNIINAFau2as Briand et al. [4]

mngﬂﬁ 2 7 MINAFALMITaNdansId A HU C BUAIIMINATILAIS
A Tagld stub(C, A) Tenansfaduuasasa C §wsunagoUass A INM3siiande
gana geldlsmadendassg Wesanasa A Wldnasaudindvasama C 1o 1
1ﬁmimaauf:ﬁ'ﬂsjmam§mLﬁmwa asannaseulasldaduansezssddefianaialy
msL%amiaﬁﬁoa%i wazthiaanandasnasaulasliaduann nunsanuindofanaiaasd
VNN HENNBUNTFTNFFUAWSUNITNaaUTnanadutaunasldiia uin
Lﬁaomﬂﬁagaa’aaaﬂmaaaé’uﬁwa@iamsﬁwmmaaﬂmaﬁL’%smslsﬁaﬁu Faudasnydinasay
geuaas LA ALanaan ;jmaauﬁaaﬁmmfmadﬂmaﬂfmﬂuasmﬁsl,umiﬁmu@m
Iaeyu wazBensanasauiiduiiwmnunn dlddasldiiaunlumsaassy s
Nwdspiasauaummelummesaulasldaaaass Lﬁalﬁmsmaauﬁmmgﬂﬁaamﬂ

a & o v A A
HITW LLRSAONIIRINITAD °D'\‘]Lﬂuﬂ’]ifﬂ(ﬂLL?GG"I%LLﬂtL’Jﬂ'WII"f{L%ﬂ'ﬁYl@ﬁi’JfU

226 AIAANVNTUTOWVBIAIAUNIINAFAL (Test Order Complexity
Metric)

G270ANNTUTaUVAIR1AUNINAFAULD WIDIAAIAMNTUTaUINNHATIY
PBIAIAINTUTaUVIFAUATIFTIITH FIN1TTAFIGINR1INIIINITUITHVDI A.
Abdurazik Wae J. Offutt [10] %aﬁﬁugmmﬂmﬂé'ﬁmaa Briand et al. 141338 [11]

MIIAAUURY (Coupling measure) LHWANIHRUANIATIAANMNFUNUTIZAT4
amadunIuazamala el 4 anwme Gad

1) a‘hmmaaé’aLLﬂsﬁgﬂSﬂﬂﬁhiégwﬁ'u, oy

2) f{hmumaamﬁa@ﬁgﬂﬁﬂnmaj%ﬂﬁu, M, (32009828374 (Constructor))

3) wawashisuindfised lidniu, R,

4) wmwvssdudsi i, P,

Beugnasiann1sf 1 laonyia 4 snwuzdInanlFaynIaliuuae (ot

notation) TUATUFAIININIATIONT 4 AIUUBRIZANAULATIRANM VAL IN
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CM(Ci’Cj):C'Vd'Md'Rd'Pd (1)

fwuald ¢ uaz c, \udaunuvasmsesamanaldisseiu wia
2a30U1R98 9 il oA Association Coupling, Aggregation Coupling, Composition
Coupling, Usage Dependency Call Coupling, Global Coupling, Inheritance Coupling,
Interface Realization Coupling, External Coupling, Exception Coupling %dﬁ’]ﬂdﬁﬁ’]%%’ﬂ
LARE AN FUNU TG

% when coupling is based on

C= inheritance or composition

T

for other coupling types

MIAAUURINUANUTUNUTIZAIANE (edge or €, ) INIMNHNATINYA

a s a gﬁ a & > Qs a s 1 %] {
FRAVaIAUURING 9 THA TIN1T10AUURININANLFAIAIFNNITN 2

9
cm, = {Z“CMk(vm,vn)Wm,vn eV,e, =V, >V, .6 e E}
k=1
)

> 1 o % o v o . . s
mMyIaaIaususar Cplx() ﬁmiwﬂmﬂumsmgm (Normalization) 54
agilust Cplx() f9ganIn 3
U U

m: Cp'X(I, j)

(Eplx=€pix; ) (3)

fwuald Cpix(i, j) udmmnudranududau dranududouiitesnga
duwamain Cplx,.. = Min{Cplx(i, j),i, j =12,...} dranususonivinigadinimain
q
CplX,y = Max{CpIx(i, Dy :1,2,...} PNMIWIBAIANNTUTaUAINAD LD
6 o o o a = ° v o o A
UszgnanumyiaadiasazidunsdimimaNuTUTanTaIEa L aINsNNIIN 4

SCpIx(i, j) = C+W, xV (i, j)2+W,, x M, j)?
+ W, x R(i, j)? W, x P(i, j)?)"? “)

fnualden W, W, W, W, dudrunudrdisimin uazedansnd
amandd W, +W,, +W, +W, =1 d§wiue V (i, j), M, j),R(, j), P(i, j) siannms
fwrnnaunsf 3 Tagldarluaunisf 2

ANAINUTUTOUVDIRIALNITNAFOL (test order : 0) LAAINAIVBINATINGN
ANNTUTaUVBIANUTNNUT (dependencies : d) ﬁgﬂau GatuEnANUTUTauGINEE
LEENGIFUNIIN 5

d
OCpIx(0) = " SCplx(k) (5)

k=1
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WAL RULITIG 8 NITE BRIt aant T 3 Yuaaw FNITOLRAI AL
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LNWNIWNANTTH @Tﬂgl]‘?l 3.1

—
Gfmﬁaﬁuaﬁ'mﬂuﬁagaﬁwﬁw LLa:LLammwé’wﬁuﬂugﬂﬂa%ﬂmWJ
(ﬁ@ﬂmaﬂvl,ajl,ﬁm“ﬁaaﬁuLaas'fiéfi]
o Py SN N O a
[@mmmmmﬂmu@anmmuma}

|
& o
uAauN 3.2

(lmaﬂszmﬂvlmﬁa)

s " A ] o ' A Ada o
. aaulalmaand | [ aawuslofandign
aauudlofaLas? — o

ARRTAUNUNY NITOUNUNY

—
Junaun 3.3

G’%mﬁ']éTumimaamma%é’aﬁ@]mmlﬁa

‘HI Q’: o ) a W
5UN 3.1 IHADUNITANKKNITIVY

u

lusinveineazdaaasiuaaundnsg smuimneduislaasda lud

3.1 MIINAIIZTHAAMNANNWS ITHINIAAE
ﬁu@auﬁlﬂumﬁmswzﬁm’]:ué’uﬁufszwj'mﬂmamﬂsﬁaﬁuaﬂu%oLﬂwﬁaga
ettin mwéﬁJﬁ'%ﬁ“ﬁ?:%dNﬂ@ﬁaﬁm%um‘sﬁméwﬁ"umsyimmiﬂmauamlugﬂmaoﬁa

= a 6 o o & dy a & ' @ cly
INTN LmeammLﬂi’]:%mmawwuﬂmu@auu mu@lauﬂammavlﬂu
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'Y ') [~
3.1.1 nmandassnaawadutilunaans
g; g % a ) [ =1 [ o % o s £ Ee I3 =
TuaenhizTuriaduatududeyatiign ussvinmaudassiaduaiuiiui
A A £ a @ &
830379 S3ugasn1TiSunluszduradnataLaziunaa ﬂmmm@ﬂugﬂmaﬂ%u@

o o ¢ v A A:l":g"ll’ L Aa o o § o
ﬂ’]’]&l&&lW%ﬁLLﬁ@dluEﬂﬂlQGLR%LTQ&IW’E ﬂUGI%%@Y}&Iﬂ’JW&IaNW%ﬁﬂ%

3.1.2 MIAAANEN NN YIVDINULDFTD
' a & g o o g AaaA ' &
AawBNURAanHITAaIinM I asunBAINAaRLTUNAINIIN A 3N
& o % A AN A o [ A = x> AR AA ~
JvimIdaaananiduaaan ldinerdasnuieadBesn Anslaaanasniuadiead (DCSC
. A v ' @ % ' { { ' fl
Algorithm) [12] m@]aamummauwufmamﬂﬂmaﬂau LNDRIARIAT LA AR LA
AN A o g @ PR I | o o A o g
ﬂma“nvl,ummagﬂ HAINHWISUNIAAARA LU NI TDINULARDD 2 UL a9t
1) Buaaaaan luinedaanueadduuy lUa19min (Forward  Trimming)
a A A i & A ' A '
lagisuanaanahn bidaanausl toraananaiaan lises o ﬁm’l,uﬂgwama']amaaum
ARIRNAARIFLN RRINNBHITNNIS IS ULULUNaW Laaunad WIa1aUNIINARDL
AN 1 oA Y [ AAA
maaﬂmawvl,ummmaoﬂmaammwgmmaaﬂ
2) 3NGAAREN N TBINULATTULLE aUAI (Backward  Trimming)
a AN A " g a ' A '
Imnumrmmaﬂ"l,uuﬂmagﬂ l1aaRahaan lUi5as 9 aulunqwammamaalm
ﬂmaﬁﬁﬂmagﬂ PAIINWWLTNN TSR ULUUNawaladeulnd vis1aunIINagaL
AN 4 oA o [ A A
maaﬂmawvl,wmmmaoﬂmaamsﬁwgmmaaﬂ
& & A AN A a AL . o =
ﬁ;ﬂﬂszmﬂf’nawumauuﬂamumnﬂmaw"l,uum‘msmmu@aﬂmmuma
1 o o Qs g: v v g: 1 IJ 1 Q
aanfAak LaXYiNNNISIANAUTUAY DIARIRNIRNA LU NTIT NN UGN WULLUTIINNTAN
o @ Qq, { & 34 { v o o & ) ~
m@umsmaam:auq@ﬁmu@auﬁ gﬂﬁ 3.2 LEAINITAAARRLAZNITILIRNAUUUAY T3

, A Al \ o A AN oA @ ) aaaA
ﬂi\gmlauaa‘ﬁ%%:a%ﬂuﬁ@uwam LLﬂzﬂa’]ﬁﬂvLNLﬂU?ma\‘iﬂﬂl’ﬂﬁsﬁéﬁﬂaﬂﬂ’]ﬁ A B, E, F

Forward Trimming starts

with Class A
' o
arwvaanswlinfaoinms
11 Forward Trimming
7 c'N ” D N
@ @ nalugau
mC2] D2
O AnILBATT

C C arvesnsiiifnonms

1 Backward Trimming

Backward Trimming starts
with Class F

519 3.2 NM3AAAaTEN LN DINULD FTD

u
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3.1.3 N1IAIIVILNITIUNNABADAWUUUNI
fo o A o a AL . o P ' A A
msﬁmaaﬂafmugnl‘*ﬁmmsnﬂﬂ‘nmu@aﬂmmumwaaﬂqmmaﬂmaa
PAINNIIAAANRN bLNLITaIN UL RDT ﬂﬁjumammaﬁ"lﬁ%é‘aﬁnﬂmumﬁué‘aﬂa%ﬁu

& . Aa a AL . o A L A ! Ad
e ﬂq&lﬂﬂ’]aﬂwﬂWSLiﬁﬂﬂmu@ﬂﬂ%LLUUN'ﬂ\‘i ‘ﬂ@ﬂﬂaﬂ@utaa‘ﬁ‘ﬁ%ul@ﬂ

3.2 nMsaautsaad lnlgaannilszianvaslsiaa
& & g o P AL . o a ' o
JaUszaidvaslnaauikAaNIIANIENAT U a N wLUUA9 Tasrawn1IVIaNIT
IJ 1 s £ o 1 a 1 s g: o s 1
SoNNUUGA N UULUUR992G 897N LIUTzL AN M@ anat BRIINWWIIVNNITAALL
AaFaNUsz AN lmAa N1IAALLIAAIREINITNNN LA LN TRIARIRNEINITDA AL
20NAN 1A LHANLARIRAINAIILRIIVNNITAAULIAAIFIH WRIIINUIITINNITTHISAU

ARl loLAa

3.2.1 n1sudsilszian lowaa
ﬂﬁjwLaa%%ﬁ"lﬁ‘v\éﬁﬁnﬂﬁﬁmmmﬁﬁummé’uﬁ’uﬁﬁ]zgﬂﬁ’lmLL&JdUi:mﬂ

a A Q 1 i
l@a T8 3 wuy a9da %

1) uuunislmaa wielndanlidsundeunuiu aazui 3.3 (1), (@)
A

2) wylm@anfaaadoununu da3Un 3.3 (a)

D

3) LLUU%‘ﬁLﬂQﬂ&ILﬁ%Vl’]G‘ﬁB%ﬂUﬂ% 61(15‘1.]“(] 3.3 (¥

U

M ﬁ'

(m
A n'.é‘ '
‘J‘].I“ﬂ 3.3 AN VDIAANENNNIIIUNNIRADNWLUUUN I

3.2.2 nMIdanLd lELAaLa e

NNIAALLI LT AaLALI AN a3NNIINIIWAIA D LT LLaméﬁgﬂﬁ 3.4

1) WRenamaleamaniilulodaiduaaiadunig uazaaisgnuainana
o 1 d N 1 a o { { v
aInaduaanalananig mmamovlsmﬂal,t,ammgﬂﬁ 3.4 T@ﬂgﬂﬁ 3.4 (N) ARIRAUNIY
fa A wazaaaglanung Aa B

a &a o A & A a
2) AngFNaagawnaiNermnaanisenaaglanani
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3) tuuneanaaalaionenn iinsSenlugsaazdululoda wiee
& a A g o A A o o & & v . 2 o o a AL
wuuazzanBnfidudeyainedasiuufiontiuazgnaausanan Farnlwn1ISunnan
1 > Q A {
maﬂmmuﬁ’mgﬂmﬁm muamlugﬂﬁ 3.4 (1)
4) faanadatenislizivnsauntsaanunle ﬂmaﬁﬂmaﬂ%u@ﬁazgﬂ
A & A & =i &
NITIL T uaaIgUaranI1dLn LLa:ﬂmamauLLiﬂLﬂuﬂmaﬂmmmwzgmﬂaU%Lﬂu
o o o A a & A o ' v o ~ A A
ARIFEGUNI LAITINTUAaUNFIN IWNISNIRIARIFNAALLLI Lo a93UN 3.4 (3) NN
. g Y o .
aarUauNINtiIrwe lnunau ldsinuasistaton19n e innue I luaawlsn waasin
lm@atligiuinaauisle
5) Guidauanalasliniasesdiaunuunanaladdounss 3ngud 3.4
(1) WaREIANUARFLAIAIUANIFLEAIAIIUN 3.4 (A) wddnsdaaaaduaszih

3.4 (4) MOUANFRAINITEIAINUUEAIAIIUN 3.4 (3)

[t

A i3 a source class of the 1% checking

k B s a deslinalion ¢lase of the 151 Checking Selected part
B
% "
B
Remaining
part

=

B iz a spurce class of the 2™ checking

15 a destination class Selected E’a't
of the 2 checking C

Remaining
parl

The first checking i i The second checking

51N 3.4 nsaanslmaa
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Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

@) (1) ()

::' > 1 qlq v % >
31 3.6 NIGALLIIARIENA N TR UK
. — A A A a o A A
- WUUWIN TuFIUAIENRAaInsTen lddsnanadnlu boda
A A a A A A
wazamnadululmdaSunlunBuduwaamanignuaneanan auzln 3.6 (2)
A = A A a o A
- unufized Fudwuaaaignuenaananfinienlufiaaadu
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4.1.1 a1sauas
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1) FAIBNNIILAINECHRAIVURUNUDICAINNAIR (Analyzing Relationship
& . A o o A o o ¢ ' A o
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LLﬂzﬁ’m’]iﬁ%’N&lI%ﬂﬁW"ﬂ E]Gﬂ’)’]&]i%’&lﬁ’%ﬁsizﬁ’j’]dﬂaﬁﬁ

Analyzing
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Subsystem
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Table (CRT) SCCs List
Breaking Cycle Source Code of
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CRT without SCCs

o dggeRnd —» Class Order List
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AAAMFLETIRYL ANFNAINNMITAAFIN (Slice) azgnaitsaanundudayatiiaan luen
GAANFNLUNIDANAN &) A9Th
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’Lué‘nwm:gﬂmw N3N INVBIN2

WIUNNIINIUBEY Nachmanson et al. [15] uazerasanlunwilsd
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HInTWUaEMIFIIMNTINAw lasfauddsvad lulasoany [15, 16]
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Clazz List

1. Cantraller

2. FPSCounter

3. GLViewm
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B. Model
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2) wina9LeadT (SCCs window)
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2) WANAIUNIINasaL (Test Order window)
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Test Order

Step 1
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The order of clazzes for integration testing
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Tested classes in each step

Step Tai's approach Traon's approach Briand's approach Our approach
Construct: Construct: Construct: Unit test :
1 stub( C, A) stub( D, F) stub(H, C) | stub(C, A) stub( B, H) stub( C, A) stub( H, C) slice(C_1, A) slice(F_1, E)
stub( F, E) stub(B, H) stub( C, H) stub( F, E ) stub( F, E ) stub( B, H) slice(B_1,H) slice(H_1,C)
) - A tested using : stub( C, A) - A tested using : stub( C, A) - A tested using : stub( C, A) - Ais tested using : C_1
- H is tested using : ( C, H ), stub( B, H) - H is tested using : C_1 ,B_1
3 - E is tested using : A, stub( F, E) - D is tested using : A, H - E is tested using : A, stub( F, E) - E is tested using : A, F_1
- E is tested using : A, stub( F, E ) -Dis tested using : A, H
4 - Cis tested using : A, E, stub(H, C) | - F is tested using : E, D - C is tested using : A, E, stub(H, C ) | - Cis tested using : A ,E ,H_1
- F is tested using : E, stub( D, F ) - Cis tested using : A, E, H - F is tested using : D ,E
5 - H is tested using : C, stub( B, H ) - B is tested using : D, C, H - H is tested using : C, stub( B, H) - B is tested using : C ,D ,H_1
6 - D is tested using : A, H - G is tested using : B, F - D is tested using : A, H - G is tested using : B ,F
; - B is tested using : D, C, H - F is tested using : E, D
- B is tested using : D, C, H
8 - G is tested using : B, F - G is tested using : B, F
# Steps 8 6 8 6
Specific | -1forC -1 forH -1 for F e -1 for C -1 for F
-1forB None
stubs |-1forD -1forB -1 forH -1 for B
-1 forF
# Stubs 5 4 4 0
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Tested classes in each step

Step Tai's approach Traon's approach Briand's approach Our approach
Construct: Construct: Construct: Unit test :
1 stub( UGuiElement,UGuiCursor) stub( UGuiCursor,UGuiElement) stub( UGuiElement,UGuiCursor) slice(UGuiElement_1,UGuiCursor)
stub( UGuiScene,UGuiManager) stub( UGuiManager,UGuiScene) stub( UGuiScene,UGuiManager) slice(UGuiScene_1,UGuiManager)
) - UGuiCursor is tested using : - UGuiElement is tested using : - UGuiCursor is tested using : - UGuiCursor is tested using :
stub( UGuiElement,UGuiCursor) stub( UGuiCursor,UGuiElement) stub( UGuiElement,UGuiCursor) UGuiElement_1
- UGuiElement is tested using : - UGuiCursor is tested using : - UGuiElement is tested using : - UGuiElement is tested using :
UGuiCursor UGuiElement UGuiCursor UGuiCursor
3 - UGuiScene is tested using :
UGuiElement
, stub( UGuiManager,UGuiScene)
- UGuiManager is tested using : - UGuiManager is tested using : - UGuiManager is tested using : - UGuiScene_1 is tested using :
UGuiCursor UGuiCursor UGuiCursor UGuiElement
4 , UGuiElement , UGuiScene ,UGuiElement
, stub( UGuiScene , UGuiManager) , UGuUiElement ,stub(UGuiScene,UGuiManager)
- UGuiPanel is tested using : - UGuiPanel is tested using : - UGuiPanel is tested using : - UGuiManager is tested using :
UGuiCursor UGuiCursor UGuiCursor UGuiCursor
, UGuiManager , UGuiManager , UGuiManager , UGuiElement
5 , UGuUiElement , UGUiElement , UGUiElement , UGuiScene_1

- UGuiScene is tested using :
UGuiElement

, UGuiManager

- UGuiScene is tested using :
UGuiElement

, UGuiManager

14
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Tested classes in each step

Step Tai's approach Traon's approach Briand's approach Our approach
-UGuiDefaultTheme is tested - UGuiDefaultTheme is tested using : - UGuiDefaultTheme is tested using : - UGuiPanel is tested using :
using : UGuiElement UGuiElement UGuiCursor

UGuiElement , UGuiManager , UGuiManager , UGuiElement
® , UGuiManager , UGuiPanel , UGuiPanel , UGuiManager
, UGuiPanel - UGuiScene is tested using :
UGuiManager
- UGuiDefaultTheme is tested
using: UGuiElement
! , UGuiManager
, UGuiPanel
# Steps 6 6 6 7
Specific - 1 for UGuiElement - 1 for UGuiCursor - 1 for UGuiElement
stubs - 1 for UGuiScene - 1 for UGuiManager - 1 for UGuiScene None
# Stubs 2 2 2 0
# Attr 2 0 2 16
# Methods 8 0 8 9
Stubs’ LOC 61 29 61 0
Slices’ LOC 0 0 0 414
Test Order
2.72 2 2.72 0

Complexity

9y
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Tested classes in each step
Step
Tai's approach Traon's approach Briand's approach Our approach
Construct: Construct: Construct: Unit test :
stub( MouseListener,GLView) stub( GLView,Model) stub( KeyListener,GLView) slice(MouselListener_1,GLView)
stub( FPSCounter,GLView) stub( GLView,MouseListener) stub( FPSCounter,GLView) slice(KeyListener_1,GLView)
1 stub( KeyListener,GLView) stub( GLView , Controller) stub( MouseListener,GLView) slice(FPSCounter_1,GLView)
stub( Controller , MainClass) stub( GLView , FPSCounter)
stub( Model , MainClass) stub( GLView , KeyListener)
stub( Controller , KeyListener)
stub( Controller , FPSCounter)
- GLView is tested using : - Model is tested using : - GLView is tested using : - GLView is tested using:
) stub( MouseListener,GLView) stub( GLView,Model) stub( KeyListener,GLView) MouseListener_1
, stub( FPSCounter,GLView) - MouselListener is tested using : , stub( FPSCounter,GLView) , KeyListener_1
, stub( KeyListener,GLView) stub( GLView,MouseListener) , stub( MouseListener,GLView) , FPSCounter_1
- MainClass is tested using : GLView - Controller is tested using : Model - Model is tested using : GLView - Model is tested using :
, stub( Controller, MainClass) , stub( GLView , Controller) - MouselListener is tested using : GLView
, stub( Model, MainClass) GLView - MouselListener is tested
- Model is tested using : GLView using : GLView
3 - MouselListener is tested using : GLView
- KeyListener is tested using : GLView
, stub( Controller , KeyListener)
- FPSCounter is tested using : GLView
, stub( Controller , FPSCounter)

Ly
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Tested classes in each step

Step Tai's approach Traon's approach Briand's approach Our approach
Controller is tested using : Model - FPSCounter is tested using : Controller - Controller is tested using : - Controller is tested using :
,GLView , stub( GLView , FPSCounter) Model ,GLView Model ,GLView
4 - KeyListener is tested using : Controller
, stub( GLView , KeyListener)
- GLView is tested using : MouseListener - MainClass is tested using : - MainClass is tested using :
, KeyListener Controller ,Model ,GLView Controller ,Model ,GLView
, FPSCounter - FPSCounter is tested using : - FPSCounter is tested using :
> Controller ,GLView Controller ,GLView
- KeyListener is tested using : - KeyListener is tested using :
Controller ,GLView Controller ,GLView
- MainClass is tested using : Controller
° , Model , GLView
# Steps 4 6 5 5
- 3 for Controller
Specific - 1 for MouseListener - 1 for KeyListener
- 1 for Model - 5 for GLView - 1 for FPSCounter None
stubs
- 1 for FPSCounter - 1 for MouselListener
- 1 for MouseListener
# Stubs 7 5 3 0

8Y
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Tai's approach

Traon's approach

Briand's approach

Our approach

# Attr 4 19 1 16
# Methods 14 16 10 10
Stubs’ LOC 129 241 61 0
Slices’ LOC 0 0 0 190
Test Order
8.32 7.11 3.94 0
Complexity
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Abstract

For integration testing processes, testers need to
find test sequences of classes in order to execute
interactions. One major problem of test order is the
presence of cyclic dependency calls. Many researchers
have proposed techniques to solve this problem by
removing relationships to break cycles and then create
test stubs. Therefore, one major purpose of integration
testing is minimization of test stubs. This paper
presents an approach to find test sequences by using
object-oriented slicing technique to alleviate using test
stubs. The main objective of using object-oriented
slicing is to break cycles by slicing classes for partial
testing instead of removing relationships for test stub
construction. With this approach, the cost of
implementing test stubs is decreased.

Keywords: Integration Testing, Test Orders, Object-
Oriented Program Slicing

1. Introduction

Integration testing is a search for component faults
that cause inter-component failures [1]. One major
problem in integrating and testing object-oriented
program is to determine the order of classes to be
tested, which is important for several reasons [3].
Furthermore, the difficulty of test order is the presence
of cyclic dependency calls; that is, when a class calls
other classes, there exists a path from a called class is
back to the calling class. To solve this problem, many
researchers have proposed techniques to remove
relationships by performing no cycle graph which is
called Directed Acyclic Graph (DAG). Deleted
relationship implies that stub construction in order to
test source class. Therefore, a main purpose of
integration testing is minimization of the effort to

create stubs; that is, NP-complete problem [2, 5]. A
number of test stubs are a cost factor for integration
testing [2].

Although existing test order strategies reduce a
number of stubs but in case of stubs are complex to
design, it may take long time to create and need
knowledge of testers about interaction between stubs
and classes, since different return values of stubs affect
different states of classes. If stub creation is more
complicated, more errors will be occurred [5]. Thus
this paper uses object-oriented slicing to find classes
that can be separated to be tested instead of stubs. It
reduces cost and difficulties of stub creation.

In this paper we propose an approach to find a test
order in order to use less stubs by using Test
Dependency Graph (TDG) [9] and object-oriented
slicing technique [17]. We use TDG to represent
relationships among classes because it shows details in
level of method calls which can be used to display
portion of partial testing, while object-oriented slicing
technique is used to break cyclic dependency of classes
and to find a test order.

The remainder of this paper is organized as follows:
Section 2, we briefly discuss existing integration test
order strategies. Section 3 presents the object-oriented
slicing technique. Section 4, we explain our proposed
strategy and demonstrate the use of object-oriented
slicing to find a test order. Section 5 compares our
technique to using stubs in other strategies. Finally,
conclusion and future work are drawn in Section 6.

2. Related Work

Kung et al. [10] were the first researchers to address
the class test order problem. They showed that, when
no dependency cycles are present among classes,
deriving an integration order is equivalent to
performing a topological sorting of classes based on
their dependency graph - a well known graph theory



problem. In the presence of dependency cycles, they
proposed a strategy of identifying strongly connected
components (SCCs) and removing associations until
no cycles remain. Kung et al.’s approach removes edge
randomly when there is more than one candidate
association for cycle breaking. They mentioned that a
possible solution would involve the use of the
complexity of associations involved in cycles [8].

Tai and Daniels [3] proposed a number of desirable
properties for inter-class test order and defined a major
and minor level number to sort classes. The assignment
of level number has two steps. First, they used
inheritance and aggregation relations assigned to each
class in major level number. Then, in the same major
level number, separating each class to a minor level
number based on association relationships only. After
that, if cycle occurs in ORD, breaking dependency will
be needed to apply before topological sorting. Tai and
Daniels chose association relationship to break cyclic
dependency. To select dependencies for removing,
weight function is defined for each association edges in
major level. Weight computation of this strategy is
summation of the number of incoming of dependencies
of source class and the number of outgoing
dependencies of target class. Edge which has higher
weight was selected to break cycles

Le Traon et al. [9] strategy used Tarjan’s algorithm
[7] that is based on depth first search (DFS) to identify
strongly connected components (SCCs). To break
cycle for this method used frond edge as a decision. A
frond edge is a relation which is defined as going from
one class to another that has been traversed in depth
first search, or a class that depended on another
directly or indirectly. Weight computation to break
cycle is derived from the summation of the number of
incoming and outgoing frond edges for a given class,
within the SCC under consideration. Incoming edges
of maximum weight class in SCC will be selected to
remove for breaking cycle. This algorithm finds SCC
and removes edges until no cycle remains.

Briand et al. proposed a strategy [4] which is based
on techniques of Le Traon et al. [9] and Tai and
Daniels [3]. First, Tarjan’s algorithm was used to
identify SCCs. Next, breaking cycle was performed by
removing association edges with the highest weight.
These steps were repeated until no cycle remains. But
weight computation was modified Tai and Daniels’s
formula, which association’s weight equals the number
of incoming edges of the source class multiply the
number of outgoing edges of the target class.

Malloy et al. [6] presented a Class Ordering System
that is driven by a parameterized cost model. They
extended the ORD to include six edge types,
association, composition, dependency, inheritance,

78

ownedElement and polymorphic edge. The first five
types of edges are used in UML class diagrams [11].
The polymorphic edge is presented in [12, 13] as a
dynamic edge. This strategy does not use aggregation
edge in ORD because they defined aggregation
relation as association relation. Static and dynamic
relationships were considered in this approach.

Abdurazik and Offut [8] strategy was different from
other graph-based approaches in three respects. Firstly,
they modeled classes and their relationships with
weights on both nodes and edges. Secondly, weights of
node and edges were based on a quantitative measure
of coupling. Lastly, they used an algorithm that
incorporates edge and node weights as well as number
of cycles in cycle breaking.

3. Object-Oriented Slicing

Object-oriented slicing concept is based on program
slicing; that is, to isolate the interested part from total
program [14, 15, 16, 17]. Object-oriented slicing
techniques are constructed for software development
with  OOP properties such as encapsulation,
inheritance, and polymorphism. These slicing
techniques are utilized, especially in program
understanding and debugging. Although there are
many object-oriented slicing techniques, we use only
class slicing for searching test order. Because this
technique slices class independent. It slices at a
destination class so it is suitable to separate the class
for cycle breaking.

3.1. Class Slicing

Class slicing [17] is a kind of partial testing in
object-oriented slicing techniques. It combines object
slicing [19] within it. At first, considering a statement
at source class. Data members (attributes) and methods
(operations) of a destination class that might influence
to the statement of a source class will be cut off. Class
slicing does not distinguish data members for different
objects instantiated from the same class.

3.2. Representation Slicing with Graphs

There are many graphs most frequently use to
represent relation of OO program such as Object-
oriented Program Dependency Graph (OPDG) [18]
and Object-oriented Dependency Graph (ODG) [16].
However, finding test order by class slicing does not
need these graphs because they consist of more details
and are complicated to understand. Therefore, we use
TDG because class slicing focuses on relationships of



classes and methods only. Transformation of
composition and aggregation relations from UML class
diagram to TDG in [9] is reciprocal calling, but we
define these relationships as one-way calling. In
definition of aggregation and composition relations of
our TDG, a class which bounds with diamond means a
source class whereas another class which bounds with
solid line refers to a destination class.

TDG [9] is a model which represents the main
structural dependencies between components (classes
or methods) in an object-oriented system. General
definitions of test dependencies in TDG are test
dependency (TD), contractual dependency (CD),
implementation dependency (ID) and client contractual
dependency (CCD). Types of dependencies are
classified to three types of TD: class-to-class, method-
to-class and method-to-method. For cycle breaking, we
need method call representation to distinguish data
members and methods which are called by source
class. Thus TDG is suitable for displaying
relationships among classes in level of method call.

4. Finding Test Order Strategy

Our strategy uses part of the modified DCSC
algorithm [20] with Tarjan’s algorithm [7] for finding
SCCs. Our strategy is separated into four steps. Firstly,
we trim irrelevant classes in SCCs and order these
classes. Secondly, we detect all dependency cycles and
identify characteristic of cycles. Next, classes that can
be separated are selected and they are sliced. Lastly,
we use topological sorting to find a test order. The
following subsections describe details of each step.

4.1. Trimming classes

In this step, trimming classes is the same as trim in
modified DCSC algorithm [20]. It requires reading all
classes to search vertices with no ancestors and
descendants. The forward trim starts with all nodes
with no ancestors and removes them and all their
edges. After removal, nodes with no ancestors may
appear so this trimming will continue until no more
nodes can be removed. Reverse topological sorting can
apply for this removal to find test orders. The
backward trim performs the same operation but starts
with classes with no descendants and uses topological
sorting to find test orders. The abjective of this
trimming is separating classes with no concerning
cycles and pre-ordering these classes. If all classes
have no SCCs, finding a test order will be completed at
this step.
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Figure 1 shows graph of trimming classes. Figure
1(a) shows sample classes before trimming. Figure
1(b) shows an order after trimming. Ordering starts in
level 3 which is backward trimming. We use a
topological sorting so the first class of testing is F and
the next one is E. Level 2 is SCCs level. Level 1 is
forward trimming. We use a reverse topological

sorting so the former is B and the latter is A.
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Figure 1. (a) Before trimming. (b) After trimming.
4.2. Detecting cycles

The rest classes from trimming involve to SCCs. In
this SCCs, Tarjan’s algorithm is used to detect all
cycles. After that, we classify cycles into three types.
This process assists finding the appropriated class to
slice. Topological sorting can be applied to each SCC
subdivision to find outline order of a test order.

4.2.1. Classifying SCCs. The main purpose is
classifying characteristics of each cycle to select
appropriated method for class slicing. (The slicing
method will be explained in 4.3) Subdivided cycle will
be classified into 1) one cycle or cycles with no
overlap part (two cycles have no overlap) 2) cycles
with class overlap 3) cycles with path overlap. Figure 2
shows the categories of cycles. Classes which do not
belong to any cycles will be defined as remainder
classes.

M»

Figure 2. (a) One cycle. (b) No overlap part in two
cycles and D is remainder class. (c) Class overlaps in
cycle. (d) Path overlaps in cycle.



4.2.2. Ordering each SCC. After classifying, we
consider an SCC to be a node. These nodes perform an
acyclic graph so they can be ordered by using reverse
topological sorting. The objective of this ordering is to
find a test order in outline scope. In figure 2(c), we
group class A, B and C to a node; class E, F and G to
be another node shown in figure 3(a). The SCC with
ABC node needs to be tested first, then D. After that,
EFG node will be tested. Figure 3(b) shows the result

of outline SCC ordering.

“;‘:&ooe‘;Gi &

[F] H
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Figure 3. (@) Grouping SCC to node. (b) Outline order
4.3. Slicing classes

The main purpose of this step is to search a class
that can be isolated. We separate this class to break
cycles from the SCC. First of all, we must select one
cycle to be considered at a time. But the first priority
type is the smallest cycle of all SCCs from cycle
detection. If desired class is found, we will use class
slicing to separate and order them. After that the
adjacency cycle is connected and class slicing is
repeated until no cycle remains. Slicing each cycle
types are explained as follows:

4.3.1. Slicing one cycle. Figure 4(a) is a sample cycle
for explanation. Operations of slicing one cycle are
explained as follows:

1) Select any class in cycle to be a source class, and
the descendant of that class is a destination class.

2) Analyze the source class to find methods that
call the destination class.

3) Methods and data members of the destination
class are sliced if all methods do not call any methods
in its descendant node. If this condition is true, then the
destination class is sliced. Thus, this cycle is broken,
and then we can order these classes. Figure 4(b)
displays slicing at class B. The part which can be
separated is defined as B’. The remainder is defined as
B’’. The test order is shown in figure 4(c).

4) If the destination node can not be sliced, the
descendant of this node will be considered as the
destination class. The former destination class is
changed to be the source class. Then, step 3 is
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repeated. If the new destination class becomes the first
destination class that we defined, this cycle can not be
sliced. Figure 4(d) shows the slicing in this case. We
assume that class C can be separated. Figure 4(e)
displays the test order of this case.
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separated, then check next path. (e) A test order of (d).

4.3.2. Slicing cycles with class overlap type. We use
the figures in appendix A to explain steps of slicing
this cycle type. Operations of this slicing are explained
as follows:

1) Select one cycle to be considered first. From (a),
we choose cycle with classes D, A, and E.

2) Define the overlap class to be the destination
class. The ancestor of this class will be a source class.
In (b), the source class is D whereas the destination
class is'A.

3) Call step 2 in section 4.3.1 to break this cycle.
There are two types of breaking cycle. The first type is
breaking at the overlap class. The result from this
breaking is shown in (c). The second type is breaking
at the other class that is not overlap class. The result
from this breaking is shown in (k).

4) Select another cycle and connect it to the result
from breaking the cycle in the previous step.

4.1) In case of breaking at the overlap class,
connecting the result from breaking the cycle at the
overlap class to the other cycle could result in either of
four different graphs as follows:



e  The first type of result has the remainder slice
calling a class in the other cycle, and has a
class in the other cycle calling the separated
slice.

e The second type of result has the separated
slice calling a class in the other cycle, and has
a class in the other cycle calling the remainder
slice.

e The third type of result has a class in the other
cycle calling the remainder slice, which calls
a class in the other cycle.

e The last type of result has a class in the other
cycle calling the separated slice, which calls a
class in the other cycle.

The four results from this step for the example in

appendix A are shown in (d), (e), (f), and (g)

respectively. Only the first type (d) of result is a

graph with no cycle. Other types result in a graph

with cycle.

4.2) For the other case, connecting the result from
breaking the cycle to the other cycle results in only one
graph which still contains a cycle. If the example in
appendix A is not sliced at class A, the result of
connecting would be as shown in (1).

5) Go back to step 3 and continue until there is no
more cycle in the graph.

e (m) and (n) show the selected part calls a
descendant node of the previous cycle:

If it is called by the ancestor node of the
previous cycle, then the join section is sliced to be

a separated part and the rest is the remainder slice.

Otherwise, the selected part which is not called by

this ancestor will be the separated part.

e (0) and (p) show the selected part does not
call a descendant node of the previous cycle:
If it is called by the ancestor node of the

previous cycle, then this section is sliced to be a

separated part and the rest is the remainder slice.

Otherwise, the selected part which is not called by

this ancestor will be the separated part.

e (q) shows the result of the overlap class does
not be sliced.

6) Order classes in the graph using topological

sorting. The final results from the example are shown

in(h), (), G). (@), (1), (s). (1), and (u).

4.3.3. Slicing cycles with path overlap type. The
figures in appendix B are used as the example for this
type of slicing. Steps for slicing are explained below.
1) Select the smallest cycle from the graph.
2) Call step 2 in section 4.3.1 to break this cycle.
There are three possible types of sliced node.
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e Joint node: a node with more than one of
either indegree or outdegree (node A and
E in the example)

e  Overlap path node: a node on overlap path
which is not a joint node (node F in the
example).

e Single cycle node: a node which is only in
the cycle (node G in the example).

3) Select another cycle and connect it to the result
from breaking the cycle in the previous step.

e [f the sliced node is a joint node, the result
can be a graph either with or without
cycle.

e |f the sliced node is an overlap path node,
the result is always a graph without cycle.

e If the sliced node is a single cycle node,
the result is always a graph with cycle.

The three results from this step for the example

in appendix B are shown in (c), (d), (f), (g),

(m), and (o) respectively.

4) Go back to step 1 and continue until there is no
more cycle in the graph.

5) Order classes in the graph using topological
sorting. The final results from the example are in (h),

(i), (), (k), (p), and (q).
5. Comparison with using test stubs

We use an example from [2] to compare between
test orders found from our strategy and Briand et al.
strategy [4]. The graph of the example is shown in
Figure 5.

Figure 5. The example graph from [2].

From figure 5, we use our strategy and Briand et al.
strategy to find test order. The result of test order is
shown in Figure 6. Our strategy does not need to test
slice B and C because they pass unit testing. At level 1,
Briand et al. strategy starts with stub creation whereas
our strategy can start at level 2. At level 2-4, our
strategy can parallel test so it finishes testing at level 6
while Briand et al. strategy finishes at level 8. From
this comparison, our strategy uses less time and does
not need to create stubs.



Figure 6. (a) Class test order from this strategy. (b)
Class test order from Briand et al. strategy.

6. Conclusion and Future Work

In this paper, we have presented a new approach to
find a test order. To order classes for testing, we isolate
classes for partial testing so as to break dependency
cycles. Our strategy decreases test stubs construction
and testing with actual classes can detect faults more
than using stubs. Moreover, it reduces time in testing
phase because in some cases, testing partial classes can
be run test parallel.

For our future work, we plan to improve our
algorithm to separate mutually related composite
classes such as wrapper class, and content class
containing each other. According to characteristics of
object-oriented programming, polymorphism and
dynamic binding make a priori of complexity in
relationships between classes. Thus, finding a test
order needs some auxiliary, such as sequence
diagrams. The sequence diagrams are typically used to
model usage scenarios. It shows message sending
sequences and method calls. These features may help
determine a test order.
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Abstract

The presence of cyclic dependency calls in
integration testing is a major problem to determine an
order of classes to be tested. We proposed an
approach [1] to solve this problem. Hence, this paper
proposes a Class Ordering Tool (CO Tool) for
integration testing based on our approach for finding
a test order using object-oriented slicing technique.
Our approach breaks cycles by slicing classes for
partial testing, whereas many researchers delete
relationships to break cycles and create stub to
represent interactions of testing between classes.
Therefore, the benefit of our approach is to decrease
the cost of implementing test stubs.

1. Introduction

Object-oriented programs typically have many
small components and more interfaces than traditional
programs [2]. As a result of that, it is difficult to detect
inter-component faults in integration testing. However,
one major problem in integration testing is the existing
of cyclic dependency calls or cycle. A cycle is a loop
in a directed graph. For example, suppose that class A
calls class B, class B calls class C, and class C calls
back to class A. If relationship between classes
performs as this example, determining test order of
classes in order to execute interactions can not be
performed. A cluster of classes with cycle is called
Strongly Connected Component (SCC).

Many researchers find out solutions of the problem
by proposing techniques to remove relationships of
classes in order to break cyclic dependencies and
produce graphs with no cycle [3, 4, 5, and 6]. These
graphs are called Directed Acyclic Graph (DAG).
Deleting a relationship means construction of a test
stub. A stub is a dummy component used to simulate
the behavior of a real component [7]. Therefore, a

main purpose of integration testing is minimization of
the effort to create stubs. That is an NP-complete
problem [3, 4]. A number of test stubs are a cost factor
for integration testing [4].

In this paper, we propose a Class Ordering Tool — A
tool for Class Ordering in integration testing. It is an
automated tool implemented in C# for generating a test
order. CO Tool is composed of three main subsystems:
1) analyzing relationships, 2) breaking cycles and
generating sliced classes, 3) sorting and visualizing.

The remainder of this paper is organized as follows:
section 2 provides our approach for finding a Test
Order using Object-Oriented Slicing Technique.
Section 3, we describe the system architecture of CO
Tool and details in each subsystem. CO Tool
Application is shown in section 4. Section 5 compares
results from our approach with other strategies.
Finally, conclusion is drawn in section 6.

2. An Approach for Finding a Test Order
using Object-Oriented Slicing Technique

Our approach [1] uses slicing class technique to
break cycle instead of removing relationship between
classes. The main purpose of using object-oriented
slicing in this approach is to take out the isolated part
from a class for finding a test order. An object-oriented
slicing [8] that used in this approach is the class slicing
[9]. Slicing classes is continued until all cycles are
broken. If there is no cycle remains, ordering class is
applied by using topological sorting. Our approach is
composed of four steps which are explained as
follows:

1) Trimming irrelevant classes in SCCs and order

these classes.

2) Detecting all SCCs and classifying each SCC to

cycle type.

3) Slicing classes in each SCC by cycle type.

4) Sorting classes to find a test order.



3. CO Tool System Architecture

Class Ordering Tool, CO Tool, which is an
automated tool to generate an order of classes to be
tested, is developed based on our approach. CO Tool
displays a graphical representation of the test class
order and class interactions. Besides the visualization,
CO Tool can generate a source code file for each part
of the sliced class in order to provide interaction
testing by a test order output.

The tool architecture is composed of three main
subsystems, namely the analyzing relationship
subsystem, the breaking cycle subsystem, as well as
the sorting and visualizing subsystem. The input of CO
Tool is source code of all classes under test (CUT).
The analyzing relationship subsystem produces the
class relationship detection to obtain the Class
Relationship Table (CRT) and SCCs List. After
finishing the analyzing relationship subsystem, the
breaking cycle subsystem analyses CRT and SCCs list
with source code to break cyclic dependencies. In
addition, the breaking cycle subsystem generates
source code of sliced classes and produces CRT
without SCCs. Finally, the sorting and visualizing
subsystem sorts classes from CRT without SCCs is to
find the class order list and allows a tester to visualize
class interactions. An overview of the tool architecture
is shown in figure 1.

Analyzing
Eon e e ——— ] Ralatlopphp
Subeyaiers
Class Halamars g e
1azle [CHT) L0 |
yvy
Eraakirg Syka Ha, e Code :F°
Subeyslar B siced Classes

CHT wakour 5002
A

SOMNG NS | e lasg Cirger Lisl
VIauahzing - =
SubEyaleln - Tl Lhidet

122

Figure 1. CO Tool Architecture.

3.1. Analyzing Relationship Subsystem

Figure 2 depicts the components of the analyzing
relationship subsystem. This subsystem is composed of
four components. The main function of this subsystem
is to provide the necessary information for the
breaking cycle subsystem. The output of this
subsystem is CRT and SCCs list. Each component is
explained as follows:

3.1.1. Relationship Detector. Source codes of all
classes are loaded by relationship detector. After that,
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relationship detector calls C# parser to parse source
code and gets class structure to detect all relationships
between classes. If detection process finishes, CRT
will be produced.

3.1.2. C# Parser. The function of this parser [10] is
parsing source code to the class structure format based
on ECMA-334 C# Grammar [11].

3.1.3. SCC Detector. CRT produced from relationship
detector is the input of the SCC detector. The SCC
detector translates CRT into node and edge format
based on G(V, E) [12], and then parses using tarjan’s
algorithm to construct SCCs list from the node list.

3.1.4. Tarjan’s Algorithm. This algorithm [13] based
on depth first search is used to identify SCC.
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Figure 2. Analyzing Relationship Subsystem.
3.2. Breaking Cycle Subsystem

The breaking cycle subsystem is drawn in figure 3.
The objective of this subsystem is to find the separated
class. After the desired class is found, breaking cycle
will be operated until no cycle remains. In addition,
CRT without SCCs and source code files of sliced
classes are generated to be the output of this
subsystem. The following subsections describe the
components of the breaking cycle subsystem.
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Figure 3. Breaking Cycle Subsystem.



3.2.1. SCC Identifier. SCCs list, the input of SCC
identifier, is used to identify SCC type which is
defined based on our approach [1]. It is a necessary
function for selecting the appropriated slicing type of
slicing class.

3.2.2. Class Slicer. Slicing type is chosen by SCC
type. In case of one cycle type, slicing one cycle
process is invoked directly. On the other hand, if SCC
type is class over type or path overlap type, then
slicing processes of both types will split overlap cycles
to one cycle first and call slicing one cycle afterward.
Details of each slicing type are in [1]. Slicing process
is repeated until no cycle remains. After this process is
completed, the slice is produced.

3.2.3. Class Checker. The class list derived from the
class slicer is used to select source files for
consideration. The class checker calls the C# parser
[13] to parse the source code to obtain a class structure
format. After that, Analyzing process is driven to
produce the output class details.

3.2.4. C# Parser. This parser is same as 3.1.2.

3.2.5. Class Connector. The information of slice is
used to reconstruct the relationships between classes.
The objective of the class connector is to produce the
new CRT which is CRT without SCCs.

3.2.6. File Generator. The slice produced from the
class slicer is used to generate the source code of sliced
classes by using the file generator. The purpose of this
component is to produce sliced class files which are
called by the caller class during interaction testing.

3.3. Sorting and Visualizing Subsystem

Figure 4 shows two components of the sorting and
visualizing subsystem. The main propose of this
subsystem is to order classes after slicing. In addition,
transformation of test class order list to TDG can help
a tester to depict an order obviously. The class sorter
and the test order visualizer are explained as follows:

3.3.1. Class Sorter. After the breaking cycle
subsystem is processed, it returns the CRT which
contains class relationship - list - without  cyclic
dependencies. The class sorter processes CRT with the
ordering function by using the backward topological
sorting. It starts with classes with no ancestor or the
root node. The root node means the ancestor class; that
is, the caller class which is not called by any classes.
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Therefore, the root class is the final order to be tested.
The descendants of the root class are sorted into the
next order consequently.

3.3.2. Test Order Visualizer. The primary function of
the test order visualizer is to visualize the TDG
representation of classes, which graphically displays
class interactions. The class order list is transformed
into TDG aspect to illustrate the test class order.
Drawing graphs is based on Nachmanson et al.
strategy [14]. This visualizer is composed of Graph
Layout Execution Engine (GLEE), a .NET library for
graph layout and viewing developed at Microsoft
Research [14, 15].
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Figure 4. Sorting and Visualizing Subsystem.

4. CO Tool Application

The CO Tool is implemented to automatically find
the test order for integration testing. There are six main
windows and two menu items which are the main
components of CO Tool user interface.

4.1. The main components of CO tool user
interface

After CO Tool loads source code files for
consideration, the information of these source files are
shown in three windows:

- Class List window: It is located on the top left
position and used to display all class names within
consideration. This window is shown in figure 7(a).

- SCCs window: This window is below window of
class list window and shows the lists of class names in
each SCC. This window is shown in figure 7(b).

- SCC Graph window: The graph which is shown
on the middle of the application is the SCC Graph. It
depicts the aspect of relationships between classes
before cycle breaking. A tester can use the class list to
identify node id in order to see what the class name is.
This window is shown in figure 7(c).

The remaining windows, which are used to display
the test class order output, include text format and
graphical view.



- New Class List window: This window position is
located below the SCCs window. It shows a list of new
id and class name. This list is not a test order because it
is used to display the id and class name of sliced
classes only. Classes, which are sliced, become new
classes and will be named the same as old class names
but extended with _1. The remainder classes still use
the old name. This window is shown in figure 7(d).

- Test Order window: It located on the bottom left
position and used to display the test class order. This
window displays the test class order. Classes in the
same level mean that they can be parallel tested run.
This window is shown in figure 7(e).

- Test Order Graph window: This window is
shown on the right of the application. Showing the test
class order in the graphical view is useful for the user
to portray the test class clearly. This window is shown
in figure 7(f).

Two menu items which manipulate file input/output
stream are shown in figure 5.

- Open Folder menu item: The folder which
contains source code files is selected in order that the
source code files will be loaded to find a test order.

- Generate Slice menu item: It is used to generate
source code of the separated part that will become a
new class. The file name of new class is the name with
extension. Nevertheless, the actual class name in the
content of file is still the same after generating the new
class.
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Figure 5. Menu items of CO Tool.

4.2. An example result of using CO Tool

TSDU (Triangulated Surface Drawing Utility)
system [16] is the case study for CO Tool. Actually,
there are 44 classes, but merely 7 classes related with
cyclic dependencies. Therefore, 7 classes are selected
for testing. Class diagram of this system is shown in
figure 6. The result after finding a test class order is
shown in figure 7 consequently. In TSDU system,
there is one SCC which is path overlap type containing
7 cycles overlap. MouseListener, KeyListener, and
FPSCounter are sliced to break all cyclic
dependencies. After no cycle remains, a test order is
displayed on the Test Order window at the bottom of
CO Tool window in figure 7.
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Figure 6. The example class diagram from [16].

Figure 7. The CO Tool User Interface.

5. Comparison with other works

Table 1 shows the results of four strategies for the
TSDU system. In terms of number of stubs for
comparison, our approach does not need to create stub
so it takes time less than the other approaches. For
comparison with the number of test steps (the length of
longest path), other approaches start with stub creation
whereas our approach starts at step 2 because classes at
step 1 pass unit testing. If unit testing at step 1 is not
counted as a path length, the path length of our
approach is four that equals the minimum path length
from the approach of Tai and Daniels [5].
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Table 1. Comparison a test order of four strategies in integration testing for TSDU System

6. Conclusion

We have presented CO Tool, a tool for class
ordering in integration testing based on our approach
for finding a Test Order using Object-Oriented Slicing
Technique [1]. The major benefits of this tool are its
ability to automatically generate the test order of
classes and to visually display class interactions by
using GLEE. In addition, a tester can provide
interaction testing follow a test order with the
generated slice file from a sliced class.
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