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Abstract

The top-down method for SOA delivery is recommended as a best way to take advantage of
SOA. The core step of SOA delivery is the step of service modeling including service analysis and
design based on ontology. Most enterprises know that the top-down approach is the best but they

are hesitant to employ it because it requires them to invest a great deal of time and money without
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it showing any immediate results, particularly because they use well-defined component based

systems. In this paper, we propose a service identification method to use a well-defined

components maximally as a bottom-up approach. We assume that user’s inputs generates events

on a GUI and the approximate business process can be obtained from concatenating the event
paths. We first find the core GUIs which have many outgoing event calls and form event paths by
concatenating the event calls between the GUIs. Next, we adapt sequential pattern mining

algorithms to find the maximal frequent event paths. As an experiment, we obtained business

services with various granularity by applying a cohesion metric to extracted frequent event paths.

» Keyword : MH|A-X|8F 2&(Service-Oriented Architecture), =t & (Sequential Patterns),
ME|A AE(Service Identification), AMg|A 2E2I(Service Modeling)

.M B

e

AB| A=A FZ(SOA) = =58tn EYe FA4le= 3
= A2 RS o8 ATEY 0] RS A= A
 seivieloltt (1], deZajo]= FFoll M SOAE Y3t
© A2 FA 38 (top-down), 8k (bottom-up),
a2l3 34 (hybrid or meet-in-the-middle) 44
o2 e # Uk (2). sk e SOAY S MY
Z Wdd & gl o2 A 294 (analysis first)”
Aoolth Be 7I9EL sH3k o] SOA9 AHE /M & A
g 4 g AU dUAE VY olf A2 WEY &
7} =R g3 SOA =9 271dAlNA A Al7ke}
H]go] FiH B of AS AgA dr}. 53] 7|Ee] F
31 ZTAE 7)ute] A 2EE SOAR Agsh= 7$d
gE asith ek LEEAE uteg 3 Blaya
2 RE 283 Ao| ope}t HAA Alawl($-8 T2
) 02 HE AH|AE BEF Urhe W oga] 583 A
H2-A8 B 2 A7 9AE ukd § e dake Wy
o} IR A B}, whEbA HE3 Aol Hol AREE
A AWk RPRTe o7 & Ao AIUE 7w
o A zEle) T2E AA) AR oA, & AUlg A
AMHEEIEA] AElA Bdg TE3) WHA SOAY FHE &
DT F gevtdd F o BE 7 Sl @ik

HT B2 7199 FF 718 SOA =99 AR S gAls)
T TACA "ot o]A] gyl Z2AES Ba FAHQ
SOA 5] HkE Al4-3 glrt. 28 2%0] 7189 74 xd
EESS U] SOA T8 BT 9o MHAEE $7]e 3
2 SOAE =93thd tdt 2 EA1-o] WA,

AR, e 27} tkes] AXUE 0 A4 2L AXdES)
OEe2 Aod H¥e] vk ATUEE 75 vl v,

Mulae 2 AR 2Yx 7 E FEE 5 de 9HE
Aslojot 2t} (2). A& Zo] ‘invoice processing & A
w27t g 4 AT ‘transform XML documents to
native format™-2 71 @8lgln & & Sict. webA] degt
71%599)9) 23o] opd ©Eo 2 H|ZYXA BRS GY §
A G BA AME|AE 2ol F)

EA), SOAdM FHshs oA AR Hololg w2
71 o]@t}. SOACIME AMuls 4318 918 golol g Hj=
Uz Muls iZe)Aold A2, a1 olF FAlske &
A2Ed o)A (orchestration) Al #elo2 Vra itk
(2). o|FA AMul29) ofn|E AZHoE Vs o2ZH S
A el 34 5EHE A ¢ A 80 v A
FAE A E vz MHAZ Fofsie AL Al dololF of
Za)Ale)d Mulx dojoighs: ke AT A

wela 712e] HIEUE A28lE A s g W
ool Mu| 2R3 B0 AAE Wl E £ de We
gasitt Mu|a-R) B AR LERAIE AN H]
ZUx TRAAE mEEhs Zloltt HAYA ZrA2E &
3 E2RE ] 98 4T dud AYER AYdnt
(3). 39, AXAEE Apo)9] A3 AL oWE 35
o3 Ea)A e} oME 3&E BAIACIE 33 R
FAA e st} PAEQ AXIETS] oWIE §&22
W} MEs} 28 GUI(Graphical User Interface)’d<]
Y 840 od) AREAlY] 84-& wol Bof BE HXE
UEEZ Ayl 2S4S 23 A7 oME 322
GUIY AZ2H43h= 43glo] 3 AXIEA 2y the A
FUES )5S 3Echs 45 Tk uEhA e
GUI(o|AIRE, GUIE st 99 3 9918 92e
£012 A3 e T 248 AMske T BAIA
A oHlE 327 & 1 AR S| YA Ay 3
FTHEES 353 AR 532 IFH 20 dE




Mz AqEs A8 97 88 ARE ool

oL
s
3]
m,
iy

89

Eol AMA7L ‘invoice processing’ & $13F HES 4
Th Ak, o WAIEQl &) o8] the 2 dwe A
FAEE - poll network folder for invoice’, 'retrieve
electronic invoice’, ‘transform electronic invoice to
XML document’,

document, if valid, end process’ - & ¢AF e s&3}

7ﬂ -'av} GUI5 A}OH 75747 %~ ol BAIAR &

a8]3 ‘check validity of invoice

gt o}bH GUIETH D}E GUIEA HE 322 sh}
o BEE AAE I oME H2E Bl A] B ALl
AR HEE 3R £ Qo) wE 54 B4 @As)

A% °l HE Az JHE* £% 5‘1—11; 0}71 Hs} B

Aot wEbA £ m=ReAde 4ENEY GUIARS o 43t
o] H|2Y2 22 TARGY o HE ZFR2E 2561 0|2
7]gke 2 Wy -"Eibﬂa vlold FwelEL dAE Qe
A} Au] 2y % R gis= ‘ﬂxﬁ gile] == GUIE
MRt & a7
oHE AR E D) U]——_.E TXHJE* nfolyd d3EES
A g3l GUI T8 2E1E7 fr olHE 7

3 TR whel quix & % 7;-57&?_13}. 28E 3
AR A1l 24E 1 e gy 2 gow
Alz®lQl MIS(Management Information System)Z i
FOE B wRAlA Aokt duelES Age Bk $4)
3HE A8 SR = EYS sl F83) B Axt 2 Afn)
28} SHxe] BAlgro] ARG A Mu|AZ 2hE ¢
pve=

lo,

Il 2l A7

1. Me[A-T|gk Jhgr di

2 2dgg Auas SOAS AAHAE SRS 2
AR SOA M ZAATA NN MuAg hdale A
<+ wi Fasich A a Adold 1120 Al2"l 3o H|=
Uz Evle2RE A A Mulag dske Aog
vz 2 uflg mRfsldo} s, A 8l Hl=y
2 A ) st 7] A AEdEern & 9
A2 AH|AE Ao} g}, 129 Ap|a Aol A A

T AE)a7|ut AP HE E0 2 SODA(Service Oriented
Development of Applications)(4), SOUP(Service
Oriented Unified Process) (5], SOMA(Service Oriented
Modeling and Architecture) (6}, SOAD(Service Oriented
Analysis and Design)(6)& & & o th& & 13} Ze]
Ae]slHt.

B 1. AH[A T gy
Table 1. Service-Based Development

wee =5
« CBD, SMALAE Jig SOAS| BE o4S o} Hg
. SOAZ TEBD| SIet AHIA A I Talol
so0A | © oG
Wl o (mri) asla st Az Sxiol tislof Pasoz
EASR| £1g
o OOAD, EA, BPM Z2 7|=e| o JidsS
SOA0| MSAIZ
S|+ s st cisiol vEaael Stig
ofolcio] Ml
o (2R A BAL EES HABIK 92
o RUP2L XPe] EX[OE DOl SOAN| M2A[Z] Bi
o 2mEsiof et BePIE Helsin, Chil 52 u
S%]JP o (SHE) HIEUA Z2MA AHlA
Tk choreography) 0Lt AH[A ZEA 22 SOAM|
Ot QAR AU 212
* 71Z IBM2] SOADE &xolo] EaE wivig
o MulrA B AE Az T
SOMA L st st nig satsi0f Bo)
| o (mE) Mule Aol et ARl SE0] HAEIX]
e

E-7|HF 7§ g b

CBD(Component-Based Development)old HEIHUE
o] LS B MulAR HEE Almsle A7 A
(7)€ RAS (Reusable Asset Specification) 9} SOA<] ¢l
g HAE e ARUES okt U o] 88k BEY
28 AAIStI glek v (71elA A g AE) A 2d
AXIEY A 7Fsd e 7)o 2482 § Ao) o}
vk AXAES) #HE BA HAM 28E $Em 9l
o} (8] dadAo] =9l Bdlg o] &3] AFHUE Ful&

=
domain, service, connector$} & A7[A] FE o8 He



£ Al=atgdth. 23y (T3 (8) 2%, ahak) Aol A
N Z2A 2o 288 T A=A Mu|x Al gig
o] AAI=Ho] A @t

71& AR FAM AHE e A% (coupling) & T4 <
282 RIS 7R Mlan o) 4 e it o) &
ZHE AQARA Mg Aosly, CBDOA HAEVE Ahg
o AHEEe 2EEe S e vAA 55 4 % fis

2 A3 Ay wE gEd E4E iy
(9,10,11,12). CBDIM9] $3=(cohesion) AT thA|
Aoz dolg, WAAl § AXUeY A beolg mlAd
o) AFHAT, Au|2E vz A 87 AR}, F AMERNY
PNE R3] o]F 7|tz Ay oo} dlnz dlo|E]
HAoke ve o A 4 SIS msor P

b, B =Ry ARRzRY] nzUA ZRgAE
GUIZHS o[WlE dzatgoz Bdshy] 93 48k 4 &3
ZEHQ HZS AR, o8 Jhtez 3T EYS
AFgozs A Aulx T8 3ol 37 (granularity)
£ A3l Hste 3719 ulas ol s AL BF=

gt

3 =Xxtmig ofojd giz|E

29 A HE5 nlold duE
AR B AR RS WS EdaAL NAXE 7}
< i AEAE 2= d3eEeg On)Y At B
&z A A (14T 2] EdsA] 24 Ag
o] ohd Wkl A (sequence) & THIATHE Holl B =%
oM Al sk oMES] EAE uH  FUth ol W E
WA Al dae 7, VIAH, W o} Zo] Do) U
200 AR dE Fapg Aeloh el Woid AR
tlolelo] 2ol Z4zke] mAo] PRIt BEEEo] Azl 9
3 AHAE B o] AREL 7|utoz &3} | wlo|y

B 2. @AlE ojold dnaiE
Table 2. Sequential Pattern Mining Algorithms

s S
g ol ¥ 4 Ut o] & ARE 7HQ)SH personalization)
U 3 A) 28 (recommendation system) @ Zo) 7i¢le] +
i gS stelshedl o451 Yok

e & 53l B} PAF g &3 Y mlold ¥n

40%e01do 2 AHE & AR Holx 27 o3 1A
A2l VeI gEgho] g Fc) Wl E-471A] FePst
W Ho wiaagtEo 2 (12 34), (135) 2832 {4 57}
AR ol BRG] 1A ERYH Al AMER
A9 40%01el ARXE ol g TEdle Wi A=) "k
ufghd 2E BN AAAE Fol, o] MR A2t
7¥g elm 8l :

& ¥ dzelEE 343t XMLEA
TR FRE FEIE A7E AW 6 QI (15). F,
A2 XMLY Hd de|HES] A=
Fdog B3 XMLEAMETS Hd #4228 78 + A
2t 018 B =EoAle naY ERAA AFA FRE A
AZ GUIY oME AR 537 omF oz A% A& 4 ¢
Z AHgA A9 Fa ANEE NS gEo] Aolg
T QUIY T% Az%hg @td #HZFHoR RE
GUIE 7t ollE /A EE Fosta o]d = HEH
S A431 o) GUIY T GUIEo| grht E&50 9l
A, ojd A7t glex]) 58 X3 & 4 Yk B =8
AXE AMEAL He Ha A= Ado] 40%9 2L AR
A7 gho] ola F GUI Azt JolM T oHESL
EAHe 2o Wygm

o s

SO TS 7 55 T3 EE Ty
e s e 3 xxls 3 xRS 9 xRS i 3 xR
a2 2
13 4
@52 B @ W s | aw 3 123 2
1) {3 {4 35 (2) 2 {15 3 (124 2
1) {20 (3 4 3 4 23 2 134 3 1234 2
{1386 (&Y 4 (2 4y 2 (135 2
{4 5} (5) 4 (3 4) 3 234 2
356 2
{4 5) 2




HESBPAT PR

Hx 2|

o el M A rlo]y gmelEe) AAAH Agz
AHEE oHIE ARE 2331 A% A2 (preprocessing)

7] fEAME GUIE +
AEAGAT WA E ol
2 gelE PEIE A

ngb Ton Hassage " Yext Message Meows Submenu kon |
kabet ieon Cholce Data | Label Choice_list Data Bitton !
imageimk

" el iage Thie Contes thie ‘Labe! mage Thie Cotents !
- paeitel i Checkos DatsTen | Choce s Ipuentild CheckBs |
 Text RadloButton Buton Ediing )

.................

mwm& 'Tme X
Y S
‘‘‘‘‘ Dy Ll G
U777 teraction Lo KR Chon T Label putentied oan ot 1
e eeled oo Bonon
8 1. GUI 7eeL 2R
Fig. 1. Classification of GUI Component
GUI oMIEES TAA7E RS Az BB
(Explicit Part)o.& do]E, |z, #A4 ge8la 72 9 2
o= treirln 2] 19, HAE, WA, ool 2

Ug HE 5& e A7 Gelol Sl o} wRET,
AAIAR] BEE(Implicit Part)e GUIS AlZot 7%, ¢
9/HAY %, o) Hust ok shel) ﬂlé Al
HUE BAYT, oMER el GUI oW
22 ol 49 A nelel o)

= A A %%}04 AAAQL
N Mg HHITh oWE AY aE oMES T
ke GUISHIRZ (R#)-BAIE 2 T g 3E

(Imp/Exp)-29 W& ojHlE ¥ f3'& Uehit} o2
£°] R1-Exp-Th-Int-Ic’ & °MIEZ @4A)7]= R13k
o

o] HAH FE(Exp) ¥ HolE 94(Th)olAM A4
do7)E(Int) otel(le)ol o3 EAHE o|WEYE e
R

2. GUI ol EER +&

ARkl GUI oMIE s|l& BA8l7] 93] GUI olHE
BEEE AT GUI oMIE 3858 QUL 4 e &
oz, oERE YAz FAEK GUI 39 8 2ge
2 oMlES} 94 oMIES el Folu, YA FHE
GUI oMIES] A2jd ¥W3E gagd o od 2%
UMLS] 2 tlolojadl g o] 43l GUI oHE 385
g 23 Aok

T3 2. GUI OE S8
Fig. 2.GUI Event Flow

=11
-
e IR T T
ey o
ru/iacp Th Int-Gt-1 -~

= s R11-BExp-Tb-Int-Bi-1

Rp@.p “To-irvt- Icﬁnp !]ﬁ! ':»

e

R1-Exp -Th-Int-Bt-1

8 3. GUI oMiE S5 AF
Fig. 3. A Part of a GUI Event Flow



92 BB FHIEREE WCER(2009. 40

GUI oHIE 858 EaA 71 B oHES WAA7)
= QUIsiEY] ti3 AxRe GUISHE 7t 2Ask= oulE T
ARE NZA o2 o 4 gltk ¢e] 1% 32 R1, R11, R12
Zhe Al 7i9) GUISHE 7te] oMIE 588 dAJgch

Iv. HeE =AlgiE olold ¢2|E
01 A Ao AR sleld Fa)Fe) AHelz GUI
HE BE%7} PEEUT o] QoM GUIREY Ha
=& B7hel] A EXE mleld el Ee) 5v+74m
B Wgslolol shex] U¥sta A4 GUI AF. AE
2 quls FR AE, 223 TR oHE A2 3 2 aqcn
FH oME AR 2FS A% FuAFE AU

L

1. Hd Jid

£ &3 HE wtold duelEE A E(sort), WY &=
27 (litemset), WE (transformation), ¥ AlfA 33
7](sequence), T3 Htj W& AlP2 F87](maximal)
AR F S5UAZ AP Bele] & HE nleld ¢m
&L 2 7K 9] A EAE I3 do|euo|AaRE e
o Hj8) WY gaeEe &9 GUI o ME 5B8EE 74
St o[HE AZE o2 it o|FA WY &3 A"
vlold gz FolA Eele gaelgoz R HyE g

il

F 3. =RElE olold YTRIEe| HIE JH

B BA4e ackid the E 39 2ok

. 194 (AE-GUI o|HE 3 8% F5) © @4 AXg
TR F23 QUI oHE EEE tidez /E
GUIEYH AAsk oulEe] o] ¢idE A&
dAdsk] oME ARE det) AR FES P &
W WsE AdAEA 3F SR FEEn & B
gz EdMe 179 1D} o] HAA|T] ERAA L
Ak 9l8) wlojEwlo| 27} HHE AR, WY darejE
Me 32RE A Z42E QUIG 3% £ o8
g

o 29 (W & Fr-g4 GUI %) @ g8k

ke BE ZBRE F AF GUL & FE GUIE

i
¢

P

P

T
%

O
B oy M

T -1 70

stozx tieel qUIsH A28 1839 ¥ 19
2ol shtel UM Fa7t AF5H e AL
#8 GUIRKe 37l0lth, el 2 egadE s
GUIZEE Al&HE ojdES +2 votald 43 dA
A7k dE OMES 7 GUIE 34 GUIZ 458,

. 3T (HF-EY Y AuA R AW glREY A

2914

B3

28Eo] WE AE Y& vle|ElE FFE WEshEe]
29 %} 22 aAe ENAM A FAE AFE HY
s} Wy go 225 A2 B8] A2 o

2= =l ] o o SAlelA] 3 GUIE AFshe b
AHEE o]WlE BRE SAX GUIMEES o]=olzl A

DE R
22 Wt £9 UEE 84 QUIR 3408 3=

Table 3. Adapted Concept of Sequential Pattern Mining Algorithms

=2 TR e daels

waE oX e gelE -

HolEtolAEs 12 Dol Eshd
e ARtez FHEct d2p 22| E
(Sort) AN CojEHolAE  ZEARAR
T4E CojEBo|AR HAEICE

GUI OMIE ST
T=(Sort)

GUIE =2, oMIE (calling and called)& 23
2 Fofsto] OIH*IE SETE TEic wap =a
9| GUI HEEL GUI-OHIEERZ FME SEER
Ae=ic)

2t GUI°| ZE oHESDIE uRfEiol 2 AKIE

(Transformation) | 2 AZCH

HERSE- FAXX|TE OREshs viyE=g 3 A GUI M3 DiEsls SAl GUIE MASIC) HiEkEe =ajo|
(Litemset) == (Litemset) 22| I'_}—Dﬂal wisSol Atoc) wese
B84 gl pH|A =
UG8 R AL RE | o xae deso| Mee mAlssl oy 22
. o . NEHE Mysin GUI HEDloz AjHHEFC w5t
ted T ARIAE wiE Zug o3t e | (Transformation | —os (1ol

& |dentification of
Service
Candidates)

uaE, S GUIE ZAoz SPAE(MHIA £5)
= AT 7t GUI SaiaeRlol SRk GUISOI
vl 8i=0] Eick

n@
0l

7 oME 2=

A2z} WIS 1, 2, - n ARAE 3o 2ol 1, 2, - nel ulet A2E BF ofol met &
(Sequence) XRjol| iz P6}01 EEP =tk
(Sequence)
ZICH BlEt AJRA Z[cH 25 ojHE x x5
A ARE | i v e 3 e o | TSRS oo oo moie we 3 a0 37 228 28w
x5 Arg s R o
(Maximal) e s (Maximal) ’




MUz Qs A8 98 N #3E vho)

(¢}

of
e
=l
kv
Y

93

el e GUIEEEES g4 GUIsTHES Fejx
B{(Mu]2 E80)8 ARt o wl, Zzte GUT F3a
EjZtel Ffehs GUIEe] Zol 19 i 3E(large
I-path) &2 Hdgct Eejo] duelgele AR}
el A AAE(minimum support)E THEAF)=
AL ERAZ0] Wi gEo] dr} a2} W dn
gFodME vl A4 GUI 158 d48ta 2+ 2549
o] o[HIE ZARE Aol Ff3le GUIZE Ao o] GUI
7h Wb gEoz Meld)

o ATHA (A E 2834 olWE A2 37) ¢
2 Foll A AlE 28 dA) oIt} Holg 2
o AA = & oA W FEEE AL A 2
WA ek, Wy dualFels
BE 7122 sl tal e
(large candidate 2-path)& SHeth Zo] 29 Wi &
B ARE T GUI 189 EA8x) ¢homd AAsI] Zo)
298] W AR (large 2-path) 2 AR o7|dA o
Al Ao} 39l TR &E(large candidate 3-path)< g+

I'9

bt

N
o
—
o

51 % 289 2K @t Az AAU. o9 2
& e mEsel o o)y N Fu Do) WAlG)
e WX el

© 59 (A 0L D2 32520 24 oME Bz
%2) : 20] 1904 el 24 A2E £ TRWAL
Re 54

B2E

T ZRE AASE KT F aFNe] Ho FH
BEF @A En o] g

W Aok glnt. ©Al lEe]
o} AR2Q7E T AZQ7INE Aol 7} gl

o
=)

£

2o m

r o

o

Im
R

2. gBE
g A vleld gmelEe] Al ©AQ 'GUI oME
BER 75 WA e oln] 3.28 AAE M Fad

2.1 2 oA N GUI MY

GUI °[MIE 8%+ 'Ri'9} & GUI W59 g2
o 93 Z7] PHEE JHESS R a gt} B3 &)
Uel GUIZRH &83ls oMEY 47} 9% JANES deo
W 1 GUIE &4 GUI (core GUDE AR g}

v 1y 4e W GUIE A%she daalFeld.

A4 n 749l GUIY Rndl tiale] ohe GUIE 3&3ke
o|HEZ ‘calling event' 2, TFE GUIA 28y sZ2H&
oMIEE ’called event'#ti #-& W, ‘calling event'$}
‘called event' 7t & o} glo® mE i GUINIA A AR
‘called event % 2.2 TG(Terminal GUI) &8l 27}
FHD). &g F oHES} v A% o, RG2E o A4S
o AFEE 2 R ‘calling event” ¢l T\ & Ao
CE;°l (Event Counter of R) 7193eH®@). «47]IA R;,
RG, T/, 281 CEicl9) i& 25 2& GUI HEE ojv|
gt thge A4 GUIE A437] #13 dARAE ‘delta’
2 7} Rell it CE9 Hulgtat ko] 3ol ¥4 ¥&(o)
< Fotd FFHB@). ol o= A GUIY N5E, &
GUI 389 48 23tk Hlgo] 9t} B2 delta’ & %
Foz THANA AHEE FE otk wRBe R RG A8
HF2.2 delta ©1’49 ‘calling event’ & 7= GUINHE:
Core 2=8{o] A43H@).

ot

2.2. 3 - BE Y MH[A SH A

A FHE GUI oHE 585 I GUIE F
Eg sl @@ GUIY ol=277H] ZHel-+d  &A
(Depth-First Search) #WHoz gAslwA GUI Way
YA o] 5E HUFozMN oWE A2E e ¢ WAld
A1 ZF GUIS calling called ©|HIES] & A& dld] &
3 HEE ol &35t} olAl Alite] 7HAskel GUI HF3}
7] YA olHE AZE W}

dg B

‘R1.Exp-Th-Int-Ct-1.R11.Exp-Th-Int-Ct-5.R23.
L(e47190A) L& R23¢] @ GUIYNS 9u)) & 1.11.23.
1'e2 ¥gact

L

R1.Exp-Gr-Int-Tt-1.R11.Exp-Th-Int-Ct-5.R23. L’
AA] '1.11.23. L= @39} Axe] Az} Faje] A=t
Z& 1, 11, 233 GUIE 7HAAT A2 & oME 43
Fgog AFEH oM o] WM GUI FH2EE A
ata 7+ Fe AEdlolA] FHEE GUI ARE gelsls vl

158t7] $18] FIHEE FAsh= Zlolt}. g ¥y
oflE Agol '1.11.23. L& {1, 11, 231 GUIEo) sht

EC Bz

EoE A=

ey

o

i



X

R

94  BEAFHERSE HCEE(2009. 4)

procedure SelectingCore (Ri..: GUlIs, T’ ™ © calling events of R)
returns Core: set of core GUIs

begin
for (i=1: i{=n!i++) do
begin
if R; has no calling then
if R; has no called event then
@ discard R;: // R; is a dangling GUI
else push(i, TG): // TG is a set of terminal GUI
else
{ push (i, RG): // save the candidate of core GUI at RG stack
) for §=1.j<(=m: j++) do
if T/ is an calling event of R; then
increment CE;:} //count the number of calling events of R;
end // as the ratio of the number of output event

@ delta = (max(CE:..CE,) + min(CE;..CE,)) x ai // a is user-defined ratio
while (lis_empty(RG)) do

begin
k := popup(RG): // R#
@ if CEx ) delta then
push(k, Core): // selecting GUI over the threshold as Core
end
end
O 4. A GUI AE MY LDEIE
Fig. 4. Algorithm for Selecting a Set of Core GUIs
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procedure FindCommonGUI {(Core: core GUIs, Ry o0 GUIs, Te™
returns L,®%
begin
for (i=1: i (= length(Core): i++) do
begin
MakeCluster (Corei, i, Rin Te"™:

@  push{event paths generated from Cluster, Path;): // event paths generated from the Core;

© events)
© all large 1-paths between GUIs, Path; k! all event path expressions

end
for (i=1; i (= length(Core): i++) do
begin
PEpi : = Path;: // event paths according to each cluster i
for (k=1: k {= length(Core) : k++) do // find alll argel-paths L™
begin
if (i # k) then
{ PEgx := Pathi: // event path expressions of another cluster to be compared
@ foreach R in PEq: do // Ris a GUI
if (R € PEg) then // minimum support 100%
insert R into L, } // 1-large itemset between PEg and PEg (commonGUI)
end
end
end

procedure MakeCluster (InitCore, Cindex, Ri.n, Te"™ )
returns Clustercinges:
begin
InitGUI = InitCore:
@ for (=1:j<{=m: j++) do
if exists(initGUL Tiwcu™ Re) and (Re &€ initGUI) then // exists an event from i GUI to k™ GUI

push (Rx, Clustercinged): // clustering kK™ GUI with i core GUI
end

T2l 5. $18 U AMp|A 5 AMG 25 ATRE
Fig. 5. Algorithm for Transformation and |dentification of Service Candidates
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Table. 4. Example: 5 Clusters and their GUIs

U s
Corel [12345678910 111213141516 17 18 13 20 21 22 23 24

252728 28 30 31 32 33 34 35 36 43 46 47 48 50 51 52 56 57 58
59 60 61 62 63 64 65 66 67 68 63 70 71 72 73 74

Core? |16 17 24 25 35 36 46 47 48 50 51 52 63 64 66 68 74
Cored |15 16 17 24 25 35 36 46 47 48 50 51 52 53 63 64 66 67 76

Cored |9 10 16 24 25 26 27 28 35 36 37 38 40 41 45 46 47 48 49 50 51
52 53 54 55 63 64 66 67 74 75

Coreb 11624 25 26 27 28 35 36 37 38 40 42 43 44 45 46 47 48 49 50 51
152 63 64 66 67 75
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HhEsle] 7 FE AEfe] A glle) olwle Pz Eo] i
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Fig. 6. Example: Common GUIs between Two Clusters
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Table b. Finding 2-Shared Event Paths
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(12,23),(13,2),(13,3),(13,12),
(13,14),(13,16),(13,17),€13,18),
13,19.13,21),{13,22),<13,23), (14,2,

» 43, 12.12514,13), <1132>*
2 1418y (1417 (14180, (14.19), 5
o (14,215 .414,225 14,239 <16.2), o
i (16.3),.(16.125.(16,13 (16,149, o
o (16.175.(16,18). (16,19, 16,21, o
oY (16,22) 416,23 (17,20 .417,3, o
P (7124714171817 16, o
e (1718) (171917, 215.417.22), e
o (17.23.(18.2) (183 (18,12, B
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2 818D (18.21). o
o (18,22).(18,23.(18,25 19,3, 2

(19.12).(19,13.(19.14), o

19,16),(19,17).{19,18),
{19,215 €19,22) {19,23).(21,2),
21,3)€21,12),(21,13),(21.14),
(21,16),(21,17).(21,18),
(21,19,(21,225 (21,23) {22,2),
(22,322,125 £22,13) (22,14),
22,16).(22.17).22,18),
{22,19),(22,215,(22,23) 23,2,
(23,3),£23.12),€23,13).(23.14),
{23,16),(23,17,,(23.18),
(23,19),(23,21),(23.22)
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procedure FindMaximalPaths (L,®9 : all large 1-path expressions between clusters,
Path, x:eventpathexpressionsaccordingtoeachcluster)
returns ML "9 :  // all maximal frequent paths between PEg and PEq
begin
for (i=1: i (= the number of clusters: i++) do
begin
PEgi: =Path;:
for =1: j {= the number of clusters: j++) do
begin
if (i = j) then
{ PEg := Path(j}:
for (k=2; L™ ¥ = 21 k++4) do
begin // same as apriori-generate function of sequential patterns [12]
Cx=New candidate-paths generated from Li®%:
foreach event path expressions in PEs and PEg do //pruning
D if (Cx € PEg and Cx € PEg) then //exists on the both
LAY = o
end
length = k: // longest length of large paths Li®¥
end
for (m = length; m >= 1: m—) do // maximal phase
foreach m-large paths, Ln> ® do
®) delete all sub-paths of Ln.> %:
end
MLEY = { remained large paths in L¥9 }
ené
end
end
2 7. 37 oMIE Z2 g A 3F AR UAS 2E d12IE
Fig. 7. Algorithm for Finding Common GUIs and Maximal Shared Event Paths
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Table. 8. Maximal Shared Event Paths of 1st Cluster

Core2 Core3 Cored Cores

Corel | 68 17, 74, (52,50), 53,{15,17) (1515 (52,509 (25,27) (3.74) (9,35) | 45, (26,27) (27,35)
(24,45,35) (24,45, (15,35) (24,16 (24,25) | (10.9)(27.75) (27.16) (46,24,50) (45,24,67)

(22,45,63) (25,24,16) | (24,67) (25,24} (46,24) | (46,47,36) (24,86,35) (45,24,16) (24,26,35)
(46.24,16) (24,46,25) | (52,50 (24,46,35) (24,45,63) (25,24,38) (24,45,36) (24,46,83)
(46,24,35) (4T4846) | (24,46.38) (24, os 63) | (4714835 (31059) (24,48,47) (25,24,6)
(45,45,24) 0, 28,75} (27,50,52) (25,24,35) (25,24,67)
(24,46,47,64) (22,45,24,35) (2524,5051) | (254,16} (64,686,63)
(25, 24 52) (10,64,66,83) | (47,43, 05) (27 28,75)
25) (27,45,24,35) | (27,46,24,35) (25,23,50,51)
e7) (27,46,24,16) (252 o,s;)(m 48,24, 25

(24,96,47,48)
(46,24,50,51)
(45, 24 50,52) (36.4748) (36,5051
( (36.5052) (B3.8664) | (27

46,36,50) (27/46,47,25)

47, {47.25.24) (4748.08) | (24,36,955051)
(m 25 24,35) {47.59.65.63)
(47.48,50,51) 47485051
(47,48,50.52) 147.48.5052)
(47,54,66,63

(24,46,36,50,52)
(27,6,53,65,54)
(24,46,47,48,50)

48,507

56)
(27,46,47,25,24)

47,25,24,57)
(46,47,2524.15)
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Table 9. Finding Maximal Shared Event Paths
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