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Abstract

It 1s difficult to predict Web structures for being rapidly changed
with frequent updates of documents on the Web. Nevertheless,
given the structures, information providers can discover users'
behavior patterns and characteristics and supply better services to
users, and users can find useful information easily and exactly. This
paper proposes an improved method for extracting Web structures.
The method consists of two steps. The first is constructing a
directed graph on Web documents as node with their hyperlinks
using the depth-first search algorithm. The second is making up for
the direct graph by discovering the hyperlinks, which are not
extracted in the first step, called hidden hyperlinks. They can be
found by analyzing Web access logs, in which click streams are
contained. The click streams do not include clicks on 'Back' buttons
because of the local cache problem of Web browsers. This causes

the problem not finding correct hidden hyperlinks. To cope with the
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problems, this paper propose an algorithm on searching hidden
hyperlinks. We have simulated the discovery of the hidden
hyperlinks to evaluate the proposed method experimentally.
Through the simulations, we have observed that the proposed
method discovers most hidden hyperlinks appeared on clickstreams.
In the future we should develop some tools for visualizing
discovered Web structures and do study on discovering more

correct hidden hyperlinks through improving the proposed algorithm.

- i -



ARE 71z e g9 F53 4gom 9 Ao At 7]
sEAoR 2, AgRels e AnE Ao AT
3 grh 7o) g gu Auls AZYES 98 JNoR SFaA
U AfRlES TES] A e 4uel FH9 urk gy At 4u
o 582 wolFm YrH1]. oleld Y APo|EEE Fuel Fo] i
Az @ BAE 2 A, A 0 WBHWA U BE T
xo P4S Hi Hgom AT Aske AA uo] Foas P
W OEG dZe] PE T2E A HAUh o) FRAA Y AHgA)

g ZaE o]&ste] {1 Ato]Ee] e w4 fAtelE HAkel JiA,
4 E= e ofal], fAtolE AR B S AAste] HgRt vhold 7]
He AEstal HAo AR MHHlA AAFE - FHoke A4ds0] o] FolA

ATH2]. sHAIRE ] ] BASS HAERL Y 959 QI
Holx7k =5 olFa . 53] fE=E2(Add-on) FH = F2e= =
Al(Macromedia Flash)¢} &3l (Java Applet)so] E3Hear
Mee A2 F4o] oddxdA T4 dddFT deoldt 19

JF2 WasE 9o AgAse] AnE ok 44 A4+ AE 8
g Auy Qe ANER AR A8 9 P ATk Bes



A
%% m.w o W oA N R o o -
L) SOC RGN mﬂ Mo ® N OR T
N EIA = Ow ~ Bl * M oju i < B on T X
Y g o oy oy X Tom oM T R D o S
i ur m < " L " ﬂ_ WM o o o W E.e , m Mo M&\
= o o 0

Oﬁ M QMH HT a ‘HAﬂU \‘MH ll WN ﬁzn o UL Mm \H_OI m ﬂﬁl
X AMAO vy o+ m X o) = = NG| =t T \Woo ) 03 |
T L= = W g = o o ] = _ sl o X° R
= < o - I B >
0 o)) o < T o I,
NN = TN 0 T s R o @
o i i EE 0 _ AT X 3 N M @
W = WoH O E R oy o DS a - [
_ﬁo ,HL ‘HOI :i 0 —_ o ol _ O_l i EE ﬂ”

i e = Py o LN - ol (£ G
wod TN = ﬂ%ﬂﬂ@@%oo_w
— ) o
Wn o o o % =5 ° B N F aﬂ do g5 g S
i i B % oy T & W oo wselol
G do O s T TR R TR W Ty o, o1 H B
e Ho O T T it aig iy = oF i
o = ey g o ™ = LR i N < o oo g
S owm - o i T oo B L9
T M o il ,A“.u ﬁ_ Tl o g o or e w 2
w o = ﬂﬁorﬂﬂ_d@mﬁme B B2
T R El &M T ) X o5 o o o oW e o= mﬁ o L
wmow 1 g X =N g T o= %o S -~ W
osaL%M,iwmzﬂ_zTanWrmrﬂS%%moE
b T ow o O }w oM Mo oy W P = B 4
| © — = mm = a7u 1 © oom ol s Eﬁ o= ﬁ

Qﬂrdrmi[.ﬂgeg%om[ﬁwﬁf
H@WW%V@@.%%ﬂﬂﬂprd il
= = O T om X - &k ARG S
N o = ,ﬂy! 10° ‘_Ir.” ﬂ&A ,UAII

C 28X VIS ATellA AlxE )

ol Aow Axg #4, FEAE ot =

ot

of 73

Ay

e



)
~

!
oo

=K

T

‘o/]

A 225y

-
R

Foh 47 el A



A2 Bd dF

B g ) A EE 9 T2 vholde Agsh] A B

Q
AT el AARES AT @ T2 vhode /9% WHow 4

2.1 4 vleld

g omteld > 4 BAANAM A EH A= HolHvtold V]ERA fom
FH dolA= Wdld Fol ARE FHHS ] on S F83 ARE
gtolflo] o] & #Alete Aolth4,9]. foRFE doAE F&3 FR
B R 21994 BE A go] 2 HolEet AMeA v, Az,
g £A, stolH"E A Fol an, ol& HojEH o]=s}sto] RS AF

o2 HAsa FEehs Aok 4 mlold 712 Al 7HH d9o=

N

AL

F 4 Au10]. Al 7HA 99ge 4 8 wlo]d(Web Content
Mining), 4 A}& vlo]d(Web Usage Mining), ¥ +% vlo]d(Web
Structure Mining) 2. & J+E% o}

% 2.1 %) vhelgel A BhEE Hold £
Table 2.1 Data types handling in Web mining

9 A vlol 9 g vlold | Fx voly
vlo] €l A}i i;] ARE(Y2E, ojula]| g ¥4,
3 ST | edevde B) | selHYa

_4_



(1) 4 Wg viold

(2) 9 AHg vhold
9 AHg vheld e PAWZRE AgAEe] nebsd BY /15 W)
L QAW 208 olgste] AgAbEe] WE RIS TS dolErtol

g 7ol

(3) 9 F2 ol



22 | 21

4 2= AREAE fiAEel] HEsHA HH o o] F 29
HdEol 9N Zadele 7554 A 75Hs HEowe P F
29t "glolg A7), A&EAIZE HEas, T2EF, dsd FMAR

@ Aot I 71555, AT ageks 54 9 B ol )

g Sk BEE o] 9d3t ofn] A wloE|, 1AF=(Include) I}
d Tl gk drE7tA] ) 2astde] 7|SEHA fo oA A=
Auj o] gk 839 Azl dig 5SS BF Y =20 AFskA |

th o] Ae 4 wolde] VAT Hi B E=RAE ) EAdx &
e s EstelHYAE 2] 93 e AR

9 2% AW wgt oy Aoz vpojx|=d], CLF(Common
Log Format)®} IIS(nternet Information Server)@2]o] w3z o|t},
=EolMe CLF 349 9 235 AR&EIlth CLF 342 f4He] £
Zz# & 4 ¥ NCSANational Center for Supercomputing
Application)D) Aol Aol ALGsl= AP omA § AMu|2E
shal e e AAMHTE o] FAS ARESt itk § Eave 7]EH
= W&ol uz} HE=E1(Access Log), old 21 (Error Log), ¥F=E71
(Referrer Log), oo E=Z1(Agent Log)® W= F AH[2,15]. HL=
I 3L EdAyZIO(Transfer Log)ghale HF21, Ht=A] EAsts 1
£k ARGAtel] wRE AREA QL ALEo] V]HHM, UmA] 21 a3kl

A
& pudon J)Ed 4 Qo ¥ 225 9 2aERl e 2aguol

D) 7 AFE G o] &8t d 74 TR Bl ks dATehe 7



¥ 22 9 29 FF
Table 2.2 Types of Web logs
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Fig. 3.2 The part of a source code in HTML

<html>

<form action="form.html" method="get" enctype="mime type">
</form>

<frame src="top.html" name="top" >

<{/frameset>

<a href="menul.html"><img src;‘;img/iconl.jpg"></a>

<a href="menu2.html"><img src="img/icon2.jpg"></a>

<a href="menu3.html"><img src="img/icon3.jpg"></a>

<iframe src="bottom.html" namem' 'bottom">

</iframe>

</html>
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Table 3.1 HTML tags and attributes for hyperlink expression
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HTML ®j1 %7
<a> href
<applet> codebase, code
<area> href
<bgsound> src
<body> background
<embed> src
<fig> src
<form> action
<frame> src
<iframe> src
<img> src, dynsrc, usemap
<input> src
<insert> classid, usemap, data
<item> classid, usemap, data
<map> name
<object> codebase
<overlay> src
<param> value
<script> src, for
<td> background
<th> background
<tr> background
stolH g a5 Fdsts HTML B4 & g2o] HAEQ] sho]Hd
auk FEstelol @tk E 329 g F Eel HrEQ e ® oE
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HE] 3 E | mixed, form-data, enc | 2<% _
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H A A] | http, news, ffc822 H|T] @ | quicktime asx, asf,
smi, ra, ram, rm, avi,
pdf, zip, hwp, txt, ppt,
<8 | xls, mdb, doc, bak, \
o A | swi
X g1 | eps, ps, rar, tar, tex,
rm, exe, mov, gdb, gz
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Table 3.3 Extracted hyperlinks
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/9 R Al Ee] 9 B4 d
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g
// isEquelSite)& 5 Alo]EQIXE E=H Q4o Flo]yHa
T4 hE sl ol e

// isVisitedO) sfolH W A he] W f-& dolll= g
3 s

// HyperLinks[]1[1=0  // &4l digh 2Hd =713} dagdd
Find_Hyperlink(document d)
{
// VisitedDocument®l] t3]A &Ald Wit F7}
AddVisitedDocument(d);
/A del A= ZF sFelH T A h
foreach hyperlink h in document d {
/] &4 Al ESQIAX] A}
if (isEquelSite(th) == true) {
// d - h ®3 57k
HyperLinks[d][h]=1;
// isVisited(h) W =4 @A
if (isVisited(h)==false){
Find_Hyperlink(h);

}

return;

}

a9 33§ wA cEgEs dads

Fig. 3.3 An algorithm of recursive search of Web documents
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Table 3.4 Hyperlinks extracted from web documents

44 — K K — K
A.html - B.html C.html - J.html
A.html - C.html D.html - A.html
A.html - D.html D.html - J.html
A.html - E.html D.html - K.html
A.html - F.html E.html - L.html
B.html - G.html [.html - B.html
B.html - H.html L.html - A.html
C.html - [.html

O_®

)

/
@@ @

oo
©

a9 34 9 FEE RAG PP

Fig. 3.4 The directed graph represented the Web structure
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o5 A 19 3.67 o] A7 H@AE 3}

At FAA L, 1 ¢ FgAA Y wF AbA|E A )

210.114.57.238 - - [21/Sep/2006:11:34:39 +0900] "GET /index.html HTTP/1.1" 200 2363
210.114.57.238 - - [21/Sep/2006:11:34:39 +0900] "GET / HTTP/1.1" 200 2261
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900] "GET /icons/blank.gif HTTP/1.1" 200 148
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900] "GET /icons/folder.gif HTTP/1.1" 200 225
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900] "GET /icons/back.gif HTTP/1.1" 200 216
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900] "GET /icons/text.gif HTTP/1.1" 200 229
210.114.57.238 - - [21/Sep/2006:11:34:41 +0900] "GET /main.php HTTP/1.1" 200 245
210.114.57.238 - - [21/Sep/2006:11:34:41 +0900] "GET /icons/tar.gif HTTP/1.1" 200 219
210.114.57.238 - - [21/Sep/2006:11:34:41 +0900] "GET /icons/folder.gif HTTP/1.1" 200 225
210.114.57.238 - - [21/Sep/2006:11:34:41 +0900] "GET /aro.html HTTP/1.1" 200 2134
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900] "GET /aro_Ol.html HTTP/1.1" 200 922
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900] "GET /icons/unknown.gif HTTP/1.1" 200 245
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900] "GET /icons/text.gif HTTP/1.1" 200 229
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900] "GET /icons/tar.gif HTTP/1.1" 200 219

I89g8.5 A1

Fig. 3.5 Access logs

210.114.57.238 [21/Sep/2006:11:34:39 +0900] "GET /index.html HTTP/1.1" 200 2363

[21/Sep/2006:11:34:41 +0900] "GET /main.php HTTP/1.1" 200 245

210.114.57.238
210.114.57.238 - - [21/Sep/2006:11:34:41 +0900] "GET /aro.html HTTP/1.1" 200 2134
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900] "GET /aro_Ol.html HTTP/1.1" 200 922

Y 3.6 AAE AR

Fig. 3.6 Cleaned access logs
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(2) AHgrtsh AR i
AR FY2EYL A AL A4 o) o FoiHok o

oh SR gREe] 9 ASAES AAYE fF S EAZ s A

2 s -1 AAAE 9 axe), 9 2R, A 2xke, A
2], & 24, & 2R olfold Ytk 15w ALt TRAE
btk 16-30W71 Aele AR PFaE FASC Ytk a3
3.72 A ID ATl

o]
H

o

A ID 1 20060922210244_203.230.252.16
d//A/AN R/ = AR TP T4

a¥ 3.7 Al ID A
Fig. 3.7 Design of session IDs

ot Aol FREH7] A7X = TAZ ARE ARl 9E HmER A2 )
Ak AHEA7E AFF AZRES ot ggel 9E AP MRS A

IDE F-ofstar v ARSALR FEstolof gt =Rl 302 o=

3.3 Zg2EY £F
FY2ELS QAolEdA AR o)ERRE BAE 4t RE
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B9 AUARE BHh S WAlolEo] HET 2R H Y BA

Z olF3H7] Yl 25 o] &3te] FE oWIEE WA= A9l
- (e} 2~ =] =) O
59 AHolt, oyl FH2ERS £ AT 3.249 HAHS
Bl MAERE I A FA Y stolHHAE Y. FHREHLS 4
T ol AR A & HE At R FESFI, B4 olF ARE F
A3k [PE FHal QAJAERE AHste] dld IP7F HE BAE oF
ARE FZ3t}, ¥ 3.5 18 369 AAY A= HolHE E3
FHE FYH2EHot}

210.114.57.238 - - [21/Sep/2006:11:34:39 +0900] "GET /index.html HTTP/1.1" 200 2363
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900] "GET /bottom.html HTTP/1.1" 200 483
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900] "GET /main.php HTTP/1.1" 200 2540
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900] "GET /companyl.html HTTP/1.1" 200 1637
210.114.57.238 - - [21/Sep/2006:11:36:59 +0900] "GET /aro.html HTTP/1.1" 200 2134

220.93.55.27 - - [21/Sep/2006:11:35:09 +0900] "GET /index.html HTTP/1.1" 200 2363
220.93.55.27 - - [21/Sep/2006:11:35:10 +0900] "GET /bottom.html HTTP/1.1" 200 483
220.93.55.27 - - [21/Sep/2006:11:35:10 +0900] "GET /main.php HTTP/1.1" 200 245
220.93.55.27 - - [21/Sep/2006:11:35:17 +0900] "GET /h_pressure.html HTTP/1.1" 200 2206
220.93.55.27 - - [21/Sep/2006:11:35:18 +0900] "GET /h_pressure_01.html HTTP/1.1" 200 2907
220.93.55.27 - - [21/Sep/2006:11:35:18 +0900] "GET /h_pressure_Ola.htm! HTTP/1.1" 200 1232
220.93.55.27 - - [21/Sep/2006:11:37:22 +0900] "GET /aro.html HTTP/1.1" 200 2134
220.93.55.27 - - [21/Sep/2006:11:37:25 +0900] "GET /aro_O1.html HTTP/1.1" 200 1226
220.93.55.27 - - [21/Sep/2006:11:37:25 +0900] "GET /arno_Olb.htm! HTTP/1.1" 200 4071
24.69.255.237 - - [21/Sep/2006:12:22:34 +0900] "GET /wilden.html HTTP/1.1" 200 2126
[21/Sep/2006:12:22:40 +0900] "GET /wilden_O1.html HTTP/1.1" 200 1376
[21/Sep/2006:12:22:41 +0900] "GET /wilden_Olb.html HTTP/1.1" 200 4506

24.69.255.237
24.69.255.237
24.69.255.237 - - [21/Sep/2006:12:25:22 +0900] "GET /wilden_02.html HTTP/1.1" 200 1376
[21/Sep/2006:12:25:22 +0900] "GET /wilden_02b.html HTTP/1.1" 200 4491

24.69.255.237

19 3.6 A= HolE oA
Fig. 3.6 Examples of Web access logs
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Table 3.5 Clickstreams for sessions

A T A4 1D FY2EY
20060921113439_210.114.57.238 index.html
20060921113440_210.114.57.238 bottom.html

AA1 20060921113440_210.114.57.238 main.php
20060921113442_210.114.57.238 company 1.html
20060921113659_210.114.57.238 aro.html

20060921113509_220.93.55.27 index.html
20060921113510_220.93.55.27 bottom.html
20060921113510_220.93.55.27 main.php
20060921113517_220.93.55.27 h_pressure.html

A2 20060921113518.220.93.55.27 | h_pressure_01.html

20060921113518_220.93.55.27 |h_pressure_0Ola.html
20060921113722_220.93.55.27 aro.html
20060921113725_220.93.55.27 aro_01.html
20060921113725_220.93.55.27 aro_01b.html
20060921122234_220.93.55.27 wilden.html
20060921122240_220.93.55.27 wilden_01.html

A3 20060921122241_220.93.55.27 wilden_O1b.html

20060921122522_220.93.55.27

wilden_02.html

20060921122522_220.93.55.27

wilden_02b.html
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/[ A o] Bfo] ¥ w Ao & S
2°] AAE AN FE=F ALE 29
AR S Frreke slewa B daegs
// Y 2~EY HF CSet, G=(V, E) W=

// P AR Aol diEl G<s.top(), e.nv>S F7FgH W=
//EdgeLengthpassO) A2 Ao tisl] SR dol7} -2 IHd
< e FF

//EdgeMax() A2 FHol sl ddsH T Wdert @2 S
b= g

//updateGraph() M=% A& Lozl (H& F7tsh= o

//CSet : SH2EH &

e o
L .

SearchHiddenLink(CSet, G)
{
Queue Q;
Stack S
HashSet NewEdgeSet {
Stack s;
Vertex nv;
int count;
}
foreach ¢ in CSet {
Q.EnQueue(c); /SR 2ER”Y B S ol A%
S.push(Q.DeQueue());
while (not Q.empty()) {

Vi = S.tOD()§
o9 37 AEYA B duds

Fig. 3.7 An algorithm to search the hidden links in directed graph
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Ve = Q.DeQueue();
if KV1 V> € E) A{

S.push (Vy);
} else {
ift (Vo & V) {

V.addVertex(Vy);

/I AEE AA, AEFE
NewEdgeSet.hash(S, Vi) ++;
break; // whileit- F3Z Exit

} else {

S.pop();

}
S.initQ;  //2=® %7]3}
Q.initO); /5 =713}

}
foreach e in NewEdgeSet
{
/A ZE B envell tisl] B9 o7k A &S s
A
if (e.nv is EdgeLengthPass(e.s) ) {
/A EE BA envel tielf 7R wdgE 1HA S A
if (e.nv is EdgeMax(s.count))
updateGraph(G<s.top(), e.nv>); // 18X F7}
}
}

a% 3.7 =" g g
Fig. 3.7 An algorithm to search the hidden links in directed graph
(Continued)
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WS M2 WEaYZE Bk

@O 19 3.83 Fo] FHEEHS ol dFerh

A|B|H|D| J| K| X
Tt

2~ Bl
==

a3 3.8 AS @A
Fig. 3.8 The first process
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grEgel A 7

]

a5 3.99 Zo] yafste] AEel FH7
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it

2~ EH
==

a9 3.9 7 HA g
Fig. 3.9 The second process

©® 29 102 7o d=(BYgk &8 H(A)S ofn 22 W=
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ek >

a3 3.10 Al WA g
Fig. 3.10 The third process

Hol EASGA FE UFsw 2] FH (AB,
WAol EA) SuE FAA Titste] 2ee] F4FTh)

Y

@ () —
4 — e
'_fl 7 /// \_:.‘
iy, Vs (l;\ (t ) [
L:/: il L
B ixx . \
= | A | ®
2. Wpoe)

a3 3.11 Y WA G
Fig. 3.11 The fourth process
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a9 3,12 oA HA A
Fig. 3.12 The fifth process

® Aze Aol Uehd w 744 919 B4 W=k 77 w9 v
HA Aze Aol VEbA ererhd e el glonz oe

A SEAEHS AR

. T K| X . - B\
2Bl

1% 3.13 oA WA
Fig. 3.13 The sixth process
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19 3.14 The seventh process
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shth, 19 3.8 X 3794 AES AH XE JEudE T #F2 A=

A—DS] DM A=$ 74 D-XE F7He Aok,

£ 3.6 A ge e ghe g Ax

Table 3.6 Results from discovering new vertices according to sessions

A & ZY~EY S H N2 AH
A1 ABHDIJKZX A DK X
A2 ACJDELDX AD X
A3 ABDX AD X
A4 ADX A D X
A5 AFBHEDX AD X
A6 ACJDELADX AELAD X
A7 ADAX ADA X
A8 AFBDKX A DK X
A9 ABHGF AF X
AA10 ADKLX % X

% 3.16 Aokd W Al Ayl

Fig. 3.16 The proposal result of directed graph update
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ALRIaA 247 & AFEAE o] &sto] 2703t Fopxl HolHE 7]
Hto g 3lo] HlAEE 33t 1AW= Linux”Z]¥ke] a1, DBMS+= Mysal
ARSI TE CPUE Intel P3 Dual, #Wl=2l& 1G (ECO), st=t]x=
= SCSI 10Ge]th. Z8oldE PCE 4% XP +dAANA A
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(1) ) ZA A stolAH A 5

a9 418 AL BA EFHIUE HelNYAE o e Aol

Az olFSHA shtel 9 BAel ddse] 9E RE HTMLA XS
F=3 Zojth. § £A4 s8] dugsor FE3 AR 2674, b
AL 3270 0]t

B C:WAPM_SetupWServerWMySQLWbin¥Wmysqgl.exe -0 ﬂ

mysgl> select link from page:

http:/spnseng.co.kr~

http: spnseng.co.krsaro._html
http:sspnseng.co.kr-saro_B1 _html
http:/spnseng.co.krsaro_Blb.html
http:sspnseng.co.kr- bottom.html
http:sspnseng.co.krsdiaphragm.html
http:sspnseng.co.kr- hazkel _html
http:/spnseng.co.-krrhaskel_ligBl_html
http:/spnseng.co.krrhaskel_ligBia.html
http:/spnseng.co-krshosepump . html
http:sspnseng.co . krsh_pressure.html
http: spnseng.co . krsh_pressure_Bl1l _html
http:/spnseng.co.kr h_pressure_Bla.html
http:/spnseng.co.kr main.php

http: spnseng.co.krsonfocus=
http:rspnseng.co . krsproduct_top.html
http:sspnseng.co.kr-readay.html
http:/spnseng.co.kr- rotary.html

http: s pnseng.co.kr rotary_gs@l _html
http:rspnseng.co . kr rotary_gs@ia.html
http:/spnseng.co.krsump_html

a9 4.1 9 BN soldRT 22

Fig. 4.1 The hyperlinks extracted from Web documents
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(2) A2 ae FYAEY =&
j.]aj] 4.2+ @E‘il‘o/] 78_?3]34»%6]% %»SH A]’%Z]— ?’T‘i“jq' /\‘ﬂ/\d ?_%:}%
N E

223l dojxl FH A~

€ il Web Analyzer I - Windows Internet Explorer E]@
http: /s wwwe phiseng, ol fanalyzer/viewlog. php?do=connectsufdate=20061028&ip=211. 200, 100,176 )
-~
w 211.200.100.176 H% 3= (DN B4 NZF : 2006-10-26 05:49:59)
B2 NTFHE = M2
203,230,252,17 [Ftte:/fpnseng. co krfindss: hirml] 2005-10-28 01:48:54
203,230,252,17 [rttp://prseng. co.krimain phg] 2005-10-28 01:49:04
203.230.252.17 [t/ fprseng. co krfcompary 1, Himl(] 2006-10-28 01:49:24
203,230,252,17 [hitip:/{pnsang, co krireaday biml] 2006-10-28 01:50:35
203,230,252,17 [hiip:{{pnseng, co.krfcompary2 himl] 2006-10-28 01:50:51
203,230,252.17 [htip:/{pnseng. co.krfcompany3.himl] 2005-10-28 01:51:07
203,230,252,17 [hiip:/{pnseng, co.krfindex, him|] 2006-10-28 01:51:48
203,230.252.17 [hiip:/{pnseng. co.krfestmate. biml] 2006-10-28 01:53:22
203,230,252.17 [hit:/ipnseng, co.krfump. i ] 20068-10-28 01:53:59
203.230.252.17 [hie:/fpnsen, co.krfvrnp_01.himl] 2006-10-28 01:54:14
203,220.252.17 [htip://pnseng co.krvmp_01b,himi] 2006-10-28 01:55:05
208,230.252.17 [hip:/fpnseng . co.krfvrmp_02. himl] 2006-10-28 01:58:04
211.200.100176  [Htip://pnsena,co.krfindex, Himi] 2006-10-28 04:38:34
211200100176 [ntp:/fpnseng.co krfmain, php] 2006-10-28 04:40:21
211,200.100176  [rte://pnseng. co krirotary iml] 2006-10-28 04:43:34
201.200100,178  [rtes//pnsena.co krfrotary_as01.himl] 2006-10-28 04:44:19
211,200.100176  [Htip://pnsena,co.kr/rotary_gs01a,biml] 2006-10-28 04:48:54
211,200.100176  [tip://pnsena,co.krfhaskel Himi] 2006-10-28 04:48:05
211200100176 [Mip://pnseng.co krihaskel ligO1 Fimil] 2008-10-28 04:52:39 [
2a 4 & SIEY #100% -

a9 4.2 843209 SHXEHY

Fig. 4.2 Clickstreams of access logs
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ERRR-DELERIEE
Table. 4.1 Vertices of hyperlinks

A4 HE 7841
vertexO |pnseng.co.kr/
vertex] |pnseng.co.kr/aro.html
vertex?2 |pnseng.co.kr/aro_01.html
vertex3 |pnseng.co.kr/aro_01b.html
vertex4 |pnseng.co.kr/bottom.html
vertexb |pnseng.co.kr/diaphragm.html
vertex6 |pnseng.co.kr/haskel.html
vertex7 |pnseng.co.kr/haskel_ligO1.html
vertex8 |pnseng.co.kr/haskel_lig0la.html
vertex9 |pnseng.co.kr/hosepump.html
vertex10 |pnseng.co.kr/h_pressure.html
vertex11l |pnseng.co.kr/h_pressure_01.html
vertex12 |pnseng.co.kr/h_pressure_0Ola.html
vertex13 |pnseng.co.kr/main.php
vertex14 |pnseng.co.kr/product_top.html
vertex15 |pnseng.co.kr/readay.html
vertex16 |pnseng.co.kr/rotary.html
vertex17 |pnseng.co.kr/rotary.gsO1l.html
vertex18 |pnseng.co.kr/rotary_gsOla.html
vertex19 |pnseng.co.kr/vmp.html
vertex20 |pnseng.co.kr/vmp_01.html
vertex21 |pnseng.co.kr/vmp_01b.html
vertex22 |pnseng.co.kr/wilden.html
vertex23 |pnseng.co.kr/wilden_01.html
vertex24 |pnseng.co.kr/wilden_01b.html
vertex25 |pnseng.co.kr/companyl.html 7}
vertex26 |pnseng.co.kr/company?2.html =7}
vertex27 |pnseng.co.kr/company3.html 7}
vertex28 |pnseng.co.kr/estimate.html =7}
vertex29 |pnseng.co.kr/vmp_02.html =7}
vertex30 |pnseng.co.kr/vmp_02b.html =7}
vertex31 |pnseng.co.kr/haskel lig02.html =7}
vertex32 |pnseng.co.kr/haskel lig02a.html 7}
vertex33 |pnseng.co.kr/aro_02.html =7}
vertex34 |pnseng.co.kr/aro_02b.html F7}
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& 4.2 sfel¥ A kA
Table. 4.2 Edges of hyperlinks

AR - A4 78 Al AR - A4 784l
vertexO | — | vertex13 vertex13| — |vertex25| F7}
vertex13| — | vertex4 vertex13| — |vertex26| F7}
vertex13| — | vertexl vertex25| — |vertex26| F7}
vertex13| — | vertexb vertex13| — |vertex28| F7}
vertex13| — | vertex6 vertex13| — |vertex29| 57}
vertex13| — | vertex9 vertex19| — |vertex29| F7}
vertex13| — | vertex10 vertex29 | — |vertex30| F7}
vertex13| — |vertexlb vertex13| — |vertex3l| F7}
vertexlb| — |vertex13 vertex31l| — |vertex32| F7}
vertex13| — |vertexl16 vertex] | — |vertex33| F7}
vertex13| — |vertex19 vertex33| — |vertex34| F7}
vertex13| — |vertex22 vertex26 | — | vertexO | 57}
vertex13| — |vertexl4 vertex13| — |vertex27| F7}
vertexl | — | vertex2 vertex26 | — |vertex27 | F7}
vertex?2 | — | vertex3
vertex6 | — | vertex7
vertex7 | — | vertex8
vertex10| — |vertexll
vertexll | — |vertexl?2
vertexl6| — |vertexl7
vertex17 | — |vertexl8
vertex19 | — | vertex20
vertex20 | — |vertex2l
vertex22 | — | vertex23
vertex23 | — |vertex24
vertex3 | — | vertexl13
vertex8 | — |vertex13
vertexl?2 | — |vertexl3
vertex18 | — |vertexld
vertex21 | — |vertexl3
vertex24 | — |vertexl3
vertexb | — |vertex13
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1787
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Table. 4.4 The highest confidential edge for the hidden vertex
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¥. 4.5 3 EA-H g3 = E 3

Table. 4.5 The edges for the hidden vertices

A

ZHA = 3L 5 N E AT (o=
el ;37; Sl | s |5 SR R Pch:si)n gj—; Acoc;racy Elj;cj
b (1787|1429 | 358 | 100 | 97 3 0.97 0.27 0.27 0.58

! 475|100 | 80 20 | 20 | 20 0 1.00 1.00 1.00 0.00
Hd (1787|1529 | 358 | 94 | 89 5 0.96 0.52 0.51 0.33

’ 445|100 | 80 20| O 0 0 1.00 1.00 1.00 0.00
b4 (1787|1623 | 358 | 78 | 72 6 0.95 0.72 0.69 0.18

’ 4741100 | 80 20| O 0 0 1.00 1.00 1.00 0.00
7411787 1701 | 358 | 69 | 51 18 0.91 0.86 0.79 0.12

! 475|100 | 80 201 O 0 0 1.00 1.00 1.00 0.00
k4 |1787| 1770 | 358 | 72 | 23 49 0.80 0.93 0.76 0.14

° 475|100 | 80 20| O 0 0 1.00 1.00 1.00 0.00
b4 (1787|1842 | 358 | 79 | 15 64 Q.71 0.97 0.69 0.18

° 4741100 | 80 20| O 0 0 1.00 1.00 1.00 0.00
H411787| 1921 | 358 | 50 | 7 43 0.65 0.99 0.65 0.21

! 475|100 | 80 201 O 0 0 1.00 1.00 1.00 0.00
241787 1971 | 358 | 22 | 3 119 0.63 1.00 0.63 0.23

° 4475|100 | 80 20| O 0 0 1.00 1.00 1.00 0.00
9 b4 (1787|1993 | 358 | 7 1 6 0.63 1.00 0.63 0.23
441100 | 80 201 O 0 0 1.00 1.00 1.00 0.00
10 7+ 11787 2000 | 358 | O 0 0 0.00 0.00 0.00 1.00
475|100 | 80 201 O 0 0 1.00 1.00 1.00 0.00
A 7k 0.80 0.81 0.62 0.24
A4 1.00 1.00 1.00 0.00
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Fig. 4.3 The graph of precision for the hidden links
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