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Abstract

Due to the increasing complexity and shorter life cycle of web applications, web applications need to be
restructured to improve flexibility and extensibility. These days approaches are being used where systems
are understood and restructured through clustering techniques. In this paper, the coupling metrics are
proposed for clustering web pages more effectively. To achieve this, web application models are defined,
where the relationship between web pages and the nurmbers of parameters are included. Considering direct
and indirect coupling strength based on these models, coupling metrics are defined. The more direct
relations between two pages and the more parameters they have, the stronger direct coupling is. The
higher indirect cormectivity strength between two pages is, the more similar the patterns of relationships
among other web pages are. We verify the suggested metrics according to the well known verification
framework and provide a case study to show that our metrics complements some existing metrics.
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.M B

A 9 olFeA oMY BA=(complexity) e 83t F
7Vl Ao, 4 ojFe Al A FIE FoRn
At ol ¢ olFEAod AE Al Wk aTANRNS
71Ee] Alzelol Hrl wmaA 248 4 glolof &, AR
g oZYACIAA U FARFY] FaF a4t €S
gt Eak Wl 2AI5] Hsid, AARA AL PHE
oluf BA 1 MA 7He| w277} olEgug olEeAo]
Ao| & 328 Hol X e Al grh o] g4 oF
9] fAESo BA $e YIS HAE 840}

wEA 9 AZFANE FAsta B U=E ]
sl AF-Z3Hrestructuring)sHe Aol L3, ©|F
3le] o] He g oAZeAoldE 7 olske Ao
a8 EA7F HAT (1)

TR 2 Al2EE ofsfisly] Hsted e HaeW
o] AMEHITt (2)(3). G432 i Ao B
dFE a9 AL e, 70t ARSE A
BT 94| FolXA Rd4o| Hojuc, (1)

ggeoire] g FE Wl BgRy) st A
48 238 g BEew Uyes § ZH2HY
(clustering) H2lol AF=AT} (1)(4). °lE2 { o1&4
Aok g xod Y3E /A ZdE Wy, 15AE
7RE 230 7Nkl Fojd WEYE o]fsle AEA
oz ZY2HYE . Yok T (4)9 B¢ F29
FAETRE mEfslnz, A4 AFHoz f¥o) YE k=
Atole] TA UAms} Whdol HA @2 4 Ut zElm
(AAE = Aleld] ZFAA BAE didsA] a2 9l
o, menlEE nalElR] g3 o

o] F uhle wE AMEE ¢ Holx FAEHSY §
o] wom AYYo] Yolo} FZ AR d: Yt &
A% (cohesion)¥} Z¥=(coupling)e AZE ol AN
M9 F8 FxeA A 123 A (structured design)
xR A x\gF A (object-oriented design), A¥Q
E 7|4t AA(component-based design)ll 27174 &
F ol &5 AXEd] HEY (metric)olt}. $AEE, 3
BE W9 4 8480 drht 1EEA dAlE B4 o
TE FHEL e AE BolFe Hxoln, 2Y¥Ee B8
E Alole] 9 FEE HoFe Aotk UdyiFoR §3]
T ¥E5E, Y= $EFE 22 AA=m AAAD

o] ApolA, ofl BES PSR iR S4B A3
£ ol83ldd =S Tk A 7Wst A (1)(4)(5),
4 Ze2H9 A= oleja Ao H8o] 7hesith

w2 dpede 9 dolA FR2E P ol& 7t
5 4 ojZeAe|de AfE vERS At a8jn
BA% VELS 3% ZeYaS B3 olgAe= AT
2 ARIE B8 2 H84e 2 ¢ olEgAeldel
712 GAE 4 wolA g o]50] ol WAZ 2n. 13
1 oA d7E9 Y= WEYS Hadlo] FHolA] Ae]e]
2 A #AE Aoz A= WEYS sk
4 HoNES B} & 992 Ee2E S & o, H
AYEE st 718 B4E £ 3l& Aol

B =Ro AL v itk 2%eMe 4 vEY %
9 wola| Zel2eiRol dig AP AFE 7legdh. 33
Ae B A7 o848 Azgl 243 WEYS i,
4N ol8H, AAHA HFE FIP. 22l 5
Ae 22 2 FF AR digte Flednt
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g sjolA S olFsta ATz Slald, ¢ EHE
#g3le] FejaeYse At FEEAG (1(4).

Lucca®-e 9 #Holx| Alole] A= ol 83l Fe2H
Pahe AL Ak} (1), #HolRAlel9] link, redirect,
submit $AE ez Pae WIS sl A=
g Far) ¥ ¢ Zel2H AB Alle] RS v 4
(2.1)7} o] Ael3ta Aot (1).

=
[

COP(A,B) e 2.1
=P4B Ppa TP Pacs
o714
Px>y = 2 ‘]Vtype (X__) Y) * w?;l;fe (X)

type € TYPE
TYPE = {link, redirect, submit }
Ny (X—Y): XN Y2 7Fe 7 typeo] 3135
= 929 e
wiet (X): AelA X2%E AT typeo2 ThE ol
A2 YWh=(outgoing) 949 /M5 AA 449 7l
F2 e golth
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Dy y: Pey?t XM Y& UrF=(outgoing) A2l
gk grelehd, peveE YERE X2 £ 2%E(incoming)
A gt grelek

2.1 F 9 828 A BAelY A¥ES Fle
ot A¥=E AE 7IFSE Bl AT Bolew
(incoming) 72%¢ Ad4 B& Wie=(outgoing) A%
a3 BE 7IEeE vRAe A8 mEsh, 47
Arst AT Aol 7HEAE Fat oW, B39 4
WA FoAS melsta e, ol 2HM slolA] AZ} o
| #ojx] B sfute] gavt EAsle AHE, A7 GE
BE T3 o HAoRER A8 FA7t Atk A ¢
oo 22 7BAE VKRS dfx Yok 28y include
U =z 2=(load) AL ukgsiA] @a glow dain
Eol| tigk mz) gleh aglm ARl #AIE wkedsiA
%3 9ot &, #HolA A%t Bt £ ¢} #eolA 3
I e 7S A% BE AR #AE R £ #
J=H (6), ©1F g g a7t B3

(4JME 1 HolAl Aleloll = 7|8t AR (link-based
similarity) & o433 = € A= WEL S o3l 2
2|2ERE ST (4). $R=s) 28=E 25 Holx] A
ole] Y2 FAEE /Nt R Hoxlon, 1 dmElES
A g3l ¢ ojZEAeld A9 SRRE woln AP=E
WEe Wged FH2gdo] JIgPdrt (1% fARH,
9 #lolxAlele] FAE link, submit, redirect, include,
build, load &, EF 9N FFE EF3a, olF Alold
A 7HEAE g83td 4 oA Alele] FAIEE A st
At F Holx] u, vAlele) A 7EEAE ok 4 (2.2)
o Zo| Hojdr}.

& 323

nlink(u, v)*nparam(u, v)*wm
Wy, v) = {nparams (u, v)*{w,, or w,, orw,} - (2.2)
o714

Win, Weu, Whe, Wid, Whu, Wire 212} link, submit, redirect,
load, build, includel) gt 7F5]o1% nparam(u, v)& ustv
Alol9] mizinle] Fhgolct

& T dolx| Alele] 7HEAe A 3% depiH
A 2d A 7R wiE s, linkdAY 72
% link®] 7ise¢h stebue] AlsE, Z2lat linkel] g 745
9] Folw, submit, redirect, load?] 7%= sehlg
A Z+ v #A JHEAY golnk a8la puild
included} 7ol @Y BA 715X 27 F HeolA| A

olef #A 7HEA ot

#Hol] 7FAE= build7t THE BAEET} FolA] Ate]
o] #Ado] 7MY Eod link® load, includes 7V %
o (4loiME Feg HolAl Atele] #A sbERAldE F
7 @do] 2AFtE $A, T FolA] Alole) b o]t
FAZ} & mEA ga Aok =8 F 8 o A
olo] sgemElr} gle AL v EAltked, ofd A+
oA 71317} 0o Hug BA diedo] AUR HA &
& Sl

A=z 2 4 Holxle 9 AZEAld el EZE HolAl
3 B4 7ERE 7Y 9EE JA ok 2T ol
g HE FAEE vute R, ) #olA] ust vAtele] FelA
FAYE PS(u, v)7F Aol (4leide 9 selxgy =
del o Feagd wEld A=Y 2REE g 4
(2.3) = o] RHejstm Yt

-

Z PS(u,v)

u,vEC

COH(C) = ="remray

........................... (23)

COP(C, C;)= Y, >, PS(u,v)

us Cﬂ!ECJ

714 ¢, Ci, G § delxge] JEA 9 F|2F oo
ICle 2828 C U 2Aske 9 HolAEY rgeltt,
4 2289 $d5E, F { Fe28 o Eske A
olNE Atele) HolA fALmS] iAol § F2E AL
ole] ZsE F A FExE U ExEks HolAE A
ol9} FolAl fAt=S} Fjfelrt

a2 AEd oz o] e wolA] Aole) #A Ex
7} wkedo] H1X] gker}. 2 wlo|x] A7} HlolA BE AAH
o2 Fzela e Ase sdEs A, Bl 9F ol
e SARE A Ha dyRos ATl ol
Al #r,

Livse 4 oiZeeld S 913t =ds ARlska 3tk
(7). o] 2l 4 Holx] Alo]9] request, redirect. response,
navigation, inheritance, ageregation, association HAE
Beleht, of7iMe 9 Holxlg Yo Ao} ol FFskn 3
o inheritance, ageregation, association¥HAle 4wy 23]
Ag maawdiel FAY 2tk 8% (request), F
(response) Bl e FeoldE-MW FAHNNY gaBS
2ejg #o] wejd Hlolek
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Y olZeAlel ol tisld FFE ol9el], 271(size,), A
A8 (reusability), BR%(complexity), =3 (effort) 5
o Bl of2] WEYSo] A=t} (8)(9). 714 9
ozl Alle] d7F  Fsk] AYY HEel dAwm
(connectivity) ¢1H], ol B 99 &3l o A
Wi A9 g o83t} T9 ddxe e = 4F
T AA Ho)A 2 e AE 9F Ux(connectivity
density) ® elekn otk B =Fold A¥=E 235k
S8l Aelgt A4 7= (connectivity strength)& so]A] A}
ol9] 4% A (inter-relationship) 28A, [8]e] AZA%9}
© Apel7} gltt,

i
i)
H
=2
fm
Ju

31 23 A
£ AoMe 4 oAl 4 9 S2i28 2l o
HAE sletitt o] WAe 3.27A] WEY ol

Y AZgAelde f HolAE vehle x4 ¥
OJAIE Alole] TAE VERE A& FAED
e 1) 9 oSl 282 WAG
« WAG = (N, E)
- N2 ¢ #olx& vehie ==(node)
- Ex ¢ #o1R] Alol9] ofjA](edge)
WAGS W90 e 2 =E(directed graph) &A1,
== A3 N# A9 HE EE A€
(B9 2] & weojAy AR N
< e 4 FolAEe] Foltt, 4 HolXe 2 4
TolME (4lellMe} 7o) HA Holle} §2 Feolx)7}
of 7]l sfggiet.
(9] 3] #HolA| Atele] f3tat olA|e] {3t E
E cNxN & #o|A] Alole] ket diAle] JEo=, &
‘4 EDGEeE Zet}, o] $4& 0|43k #Hofr] Alo)
o] 92 Z=E Tt oqh oA Ert sRE £49
A% EDGEzE &3 2t
+ EDGEE={(etype, nparam, freq)| etype = ETYPE,
nparame 0°P39] A4, frea 10149 %43
- etype AT A9 {FF(ETYPE) S VR, ole)
e 49 & /3 st

~ nparam< E9 ad fEolA LAk slenied
MF2A, 07f o)t A5 &2 7Ktk

- freqE oJH F =T Alolo] EAsE ey seln
Bt 22 759 BFolth offl T k& Alold]
Aele Elde 3l ool E 4 Q3 F e Al
of 972 gy gl et Bde A o]
4 AE F Yk dE B9 == (A BE 43k
A EsF dvkz sHskAl 9 o)) AdlA B
submit#AZ} EAEn geEflE st F Aoy,
3 AN BE selulE gl selEdast & A
EAPHE Edge(A, B)={submit, 2, 1), {ink,
0, 2)te] B Aolr},

+ edge(E)={{etype, nparam, freq)| etype € ETYFE,
nparam, freq € integer}

edge(E)& oA Eoll dial 7] Aelgt $49 J&s

FEeF ot

(He 4) B9 /% ETYPE
+ ETYPE={link. submit, include, load, redirect}

2 E cNxN 9 FHe v 2ot

E= EnUELUELUEGUE:.

- BEn SNxNE %34S 7FRle A5 JFesEA
gy 2 w2 dlolH @ A (hyperlink) 7}
Qe Aot} dE B0 (v1, v2)EELS vIolA
v2E 7he dleldyzrt EA%S SEsi, o3t #
AE linkeka gt

- B SNXNE W8S 7 dREY] JTe=A
gz 2 xtE F(form) B3 dolH
2 2 Aol dE B9 (vl, v2)EEW vl
M Eg& ol&sk] v2& HolHE HuUlE 7foltth
o|#H3 WAE submitAEtL gt

- En SNXN& W3S 7R dAS QoA
3 wort O w58 T¥3=(include) #A ol
A& B0l (vl, v2)EExS vlo] v2& EZs= A
S weith oM@ FAF includeBAZIL e},

- By cNxNE W3 g 7 dREe] 3heaA
3 wer) e g 2udie(load) HAR T
(frame) 737} old d@dct. o4& E9 (v1, v2)
EEpe vixE UF & Z#dez v2§ FFshe
AL Bt o[#d AAE Joad@AH R Frt.

- E. SNNE B34S 7HE S JgezA
3 wmoA tE w2 olF(redirect)dhs Ao
t}h dE B9] (v1, v2)EEL vielA v2& AHE o]
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Zahe Aot} o3 BAE redirectBAZT Tt
+ edgeType(E)={etype| etype € ETYPE}
edgeType(E)& dxl B7F 7Rl A /8& 353

Fe grelnt

(1)(4)o1ME 24X 2l viel Zo] ¢ Fo]A] Ate]
9 oA FR BAE Asln gdot BA FolA
builde] S oW #HolArt FHoz AME A3t #o]
A2A A FEAshe do|A|7t opBR FE2aH ol
2 4 9ot oy 2 AP6ME builde] A$e Aol
7|2 g}

(28 D& 4 dolA] Alole] #AE UML E7IHeZ
Vel Aelt} (11(4]).

i rediract

web Page

link

i{;_\ ] I

include

submit Dynamic Page load

Page with Frame

02 1. ¥ Hox| 2
Fig 1. Relationships between Web Pages

(39 5] 9 F82H 1= WCG

« WCG=(N', E»
- NE 9 2EsEE gede we
- E'e ¢ Fo28 Afold] oA

(39 6) fr3a 9 E2Ee) JE N

= 79 9 o289 Yol Y Feiase @
ol Ze] Fgelnl, o ¢ FelzE Ce ket 2
o] eldrt.

«C={plpeEN
o714, #ojA] Alele] BAE olH ¢ olEeA oA
& R 2 AT

(B9l 7] 9 SH2E Alole] {ag Ao 7 E
E'SNxNE 71538 /e §38 dAe ez
44 EDGEr & Zeth

+ EDGEE’={{ctype}| ctype € CTYPE}

(39 8) E'8 #+& CTYPE

B APoME 9 FHAH Alole] #A £3Q) CTYPE

o WIS e AT WAl(association relationship)

£ Fofgit.

- E oNNE g /e oY J3eg, o
W g F2E GF Gl ek, B'=(Ci, Coet
a2h Ciel & sFojRlelA Coie] ofd Holx=
ETYPEY #i%ste @A EA% A5 CiolA G
g A% WiE 7Rt @t
« outAssoc(C)={Cj | (Ipi€C) ACIEN-CIA(3
pi€C)) AedgeType(pi, pj) =2}

outAssoc(C)E F82H Cold A TAE 7y 9

¥ ZH2HEY F{golot
¢ inAssoc(O)={C; | (AmEC) AGEN-CYA(Ip

€C;) NedgeType(p;, pi)# 2}
inAssoc(C)E Z82H CE 9% FAE 7KWx A
2 5] FYolrt

e

w

2 Btk
2 AoxE 9 Fo2Ee A¥=E S AT W
el gl A} L A9 Al HolA Alele] 3
HAl #Ae} 7HER Q) BAE EF nel3e® vt

#olA Alole] AXAS BAE ETYPES &3l #A
7} g2 Bt A4, =FHE(document) Atelol B
A7} ZAgE Ae F EFUE Alold] oulAdl #A
(semantic relation)e] s, ol Aleld] Hd A=
7} B W42 oniEow @] HfAEE Ko [6].
waha] ojd Folx] Agt BAtele] ARl ofd #AZ} &
Adchd Zgwe F7plor & Aolth. ea off ¥ B
E Able 97 =g 33T 9, 92 Al n¥ds et
nE] gA] msfor Frt [4)(10). (10)M = stehele 9
MNest Aade nasla dov, ¢ olZeAlddMe
diolele] 2B g D FEe] Bugsing & =FdA
E sevlg e Aggt aes] R ok

#olA] Ash B7} BUT Holx| 78 P o]
ASH B7E A s AL ok & & ot o]
B (citation analysis) 22%E E&g AZ 7] fAl
T e 283 Ao} (6). ol IAY Fx A%
(bibliographically coupled) WE@oZHE Y& o=
= =FHE (9 7t 2EoE A3 EFUES s

rir
opp ro

o O
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HjElsl=E Felslsict (11).

B =FoME ol2@ AE BF dkisly] fsld, /i
#o]A] Alole] A-2b3A 97 Z=(connectivity strength)
EES Hojsla o] 94 2= HEHE olgdle] ] Ho
2 Alele} 94 =g Aot a9 SeisEle) 2%
E¥ o] 9 HolA Alol9) 9A BTE o431 et

(39 9) 4 HolA Alole] AHA 42 B=

4 o)A Alele) T 7 BAZF A=A, 7 #A

o thaled A wet AgHe e 24 ¢

et g HolAl 1, j Aleld] A3A A2 A= DCSG,

e okl 4 3.1 2t

DCS(i, ) =
w, » (n+1) « f
<t,n,f> Eedge(E')

3714

- E={(, j), G, D}

dAE BPIE 7RER F 4 HolR| Alele] aF

=B F) 98 G, D% (G, Do A¥E =% 29

Li=s

- we 9358 7 7Re 7EEReln 0RE 1Aje]9]
s z . Lucca$e A¥A=2A submitd 7=
A7} 7 &2, redirect’} 2 ©RE, link®] 7FEX17t
7P vl 333 (1), [4)6ME fARE walo
2 7EBXE Aot Yok 18 dEARELE B,
wE tol] dig JERE e B 9, & = eXe 9
so|z} Alole] 7HEAE e o] AAEEE It

A
T

Wout Wit Wint Wig+ Wee=1.0, Wi, Win, Wa < Wee < Wi

(4)olMe geprlele] 7AeE neisld WEHS Feolst
Reovt, szt fe 3¢ AA 49 gol 0] drt.
o, F FolA] Aold spolHP Azt of 7| EAH
g Adshe sugzt gle A5 HolA Aleld o
A 7FEA7L 0ol HER 92 #AE B3] wds]
ot wetd & AeMe et gle A9E 1
2 A3l

(B4 10) ¢ slojAl Alole] A A A=

A 92 AxMe 7L, 384 ol Fxst
€ F dolAe] A% Az do| Hof Sltke A
ojth, & AFelAE 7 #olxlel Mok (fan-out) A2
S Ao et 7 et iv T 2 A VK

2] WE & 7pzith

V@A) =(wi, Wz, ..., W), n& A ==9] S
o714

i Z w(t) o f

w =
<t,n, f> Eedge(i,j)

igh jo 92 7IEAE, 1% jAlele] BA 1A% AT
#A] AFE Fak] Tt 7|4 FeeEe g
w3 olfie, Ade fAIEE ;EEke Aol BAAU
., sElge] A¢eE F43he Ao 27E 438 7t
F4o] &7] wFolrt.

= oAl 1, jol 7E 44 A= 108G, )= ¥H ¥
el F HEle] FAEE Egshe A& ol83H
o 4 (3.2)9) o] AR

- {OV() o) if ViJor V(i) =0
ICSG, ) =4 Vi) » Vj i
TVTVG) Ctherwise

ICSG, NE F 71EX ezt ol 29 IR gkl
22 08 14lele] g& 74t IS, j)o Aok,
Vi) VG)7F 2e Bgele). &, F HolA is 7t o
& HolAs} 7Re 92 1AVt BF 22 AE Ad
& 18 et =% F 9 F ezl deEelAY,
Z & oA ¢} oWy FAZ 7T YA AV, F
WE7} BAE JH R g HolXEe Fe] FAF
& 2%, 108G, e AL 02 Zerh

(B9l 11) 4 ol Alele] A7 A=

ICSG, j)& DCSG, )& o183l F ¢ #olA i, j A
ole] A7 Z%E WCS(, HE & 4 (3.3 21 3
oJ3t.

WCS(i, 5) = (1+1CS(i, §)} » DCSG,j) (3.3)

B =RoME F HolAzt AR Ade] e 2
$7} Ao w APel ¥ ALET o ¥ ARE
g 7Iekn 74 g}, o|EElW A7l BolA “olEH F
WS seE R AYdke submit@AS, X9 Y7}
Ze HolA zE Axse A/ dokz A gFE
9] A% AV} A2F mEES By Asta 2A4E
wgstA 5o, selolelg wsl sl Ag Brt ZBlA
2350} g2 Fatk a8y Xo Y7i 3 solAE
Azele 4942 A8 B, A =FUES] HHH~
o} e A% X Y, 77 o= A= ofHF Fdo] 3)
& 740 BAAT o ¢ slolx] o] BA ol




g AN ATzste AT S2HY AeHE A% HEY 81

Ae 3F Aleld g4 od onla FAZL givkn B
AET o|2HW, T(home)2E 7h= =7} EAsk=
e #Holx o, dti(header)tt F8 (footer)E ¥
Hinclude)3re #olAEo) BF M2 oW ou)d B
AE 7Tk 5] oy AAZ od & g2 Fg
2E|gEojo} 3= 28 A A4y Foltt wA
2 d7dME 13 92 Z=E A3 93 Ar9
UdZ9) J1EA] 98E sh=F Aot

(B9 12] 9 Eej2E] Aole] 9F 7=

F 4 F229 8 CAlolY 97 Axe O &3k
FolAlst Cioll &3k wHo|A] Atele] AZ el Fo
Z AoEn o 4] (3.4)¢) 2t

CCS(C, )= 33 3 WCS(p,q) = (3.4)

PECYEG

(B9l 13) ¢ 228 2=
o 4§ F2H Co AP=w. C T2 Zel2HE A
ol9] 97 J=e| o= i off 4 (3.5)¢ ek

ccoP(O)= Y,
C.EASSOC,

CCS( C q) .................... (3.5)

714
ASSOC: = inAssoc(C) UoutAssoc(C)

<
i
of

41 0|EXH T

Briand®| A% Zad¥ [12)& 34 7l 76t
WED He ZyddozA] 37)(size), Aol(length), &
FH=(complexity), 3%, AT vjEH] siHol ke
£49% A, o] Tz Nzg WEE o)
7] 48 &S A § Atk B AFolA Briand Za¢l
HoMe mEd dFEe GUE A FesHR 15,
W ZH 28 o AFT CCOP(C)d thate] 7t &Ado] gt
E3g B,

o AT £41: 8244 (Nonnegativity)
CCOP(C)& |57} opt}

(F9) o U2 =E FHAE Alld] ¥V 9E A%
CCOP(O)& 0°] Bt} 91 ¢} o Zi28 ¢ Alolo]
A AP EAgha sk o3& C Wie] @ ¢ #HojA|
pt C Hi9] § slolA] pAlelell ol A REETYPE?]
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