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Web Structure Mining by Extracting Hyperlinks from Web Documents and Access Logs
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ABSTRACT

1f the correct structure of Web site is known, the information provider can discover users’ behavior patterns and characteristics for better
services, and users can find useful information easily and exactly. There may be some difficulties, however, to extract the exact structure of
Web site because documents on the Web tend to be changed frequently. This paper proposes new method for extracting such Web structure
automatically. The method consists of two phases. The first phase extracts the hyperlinks among Web documents, and then constructs a
directed graph to represent the structure of Web site. It has limitations, however, to discover the hyperlinks in Flash and Java Applet. The
second phase is to find such hidden hyperlinks by using Web access log. It fist extracts the click streams from the access log, and then extract
the hidden hyperlinks by comparing with the directed graph. Several experiments have been conducted to evaluate the proposed method.
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Fig. 1 Preprocessing of Web logs
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Table. 1 Methods for user and session identification
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Algorithm FindHyperLinks
input: Web document d
output: Graph G=(V, E)

GV=0, /| S Ao)E = HA 7]}
G.E=0;// §] Aol E 18 = 2+ 27]3}

Find_Hyperlink(document d) {
AddVisitedDocument(d),
I1EX ol Y& 7} 3e] 33 2 hell tisto]
foreach hyperlink 4 in document d {
if (isEquelSite(h) == true) {
J| 2 ZE Gl d—h B2 37}
AddDocument(d, ),
if (isVisited(h) == false)
Find_Hyperlink(h),
else
return;
}
}
}
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Fig. 3 Algorithm for extracting hyperlinks
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Table. 2 An example of extracted hyperlinks
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A.html — B.html C.html — J.html
Ahtml - C.html D.html — A html
Ahtml — D.html D.html — Jhtml
Ahtml - E.html D.html - K html
Ahtm] — F.html E.html — L.html
B.html — G.himl Lhtml — B.htm}
B.htm! — H.html L.html — Ahtml
Chtm! - Lhtml
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Fig. 4 Graph representation of hyperlinks
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EZ AdA&A Wi 33 § FARt ol P
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210.114.57.238 - - [21/Sep/2006:11:34:39 +0900]
“GET findex html HTTP/1.1" 200 2363
210.114.57.238 - - [21/Sep/2006:11:34:40 +0900}
“GET fbottom.html HTTP/1.1” 200 483
210.114.57.238 - - [21/Sepf2006:11:34:40 +0900}
“GET /main.php HTTP/1.1" 200 2540
210.114.57.238 - - [21/Sep/2006:11:34:42 +0900]
"GET fcompanyl html HTTP/1.1“ 200 1637
210.114.57.238 - - [21/Sep/2006:11:36:59 +0900]
"GET faro html HTTP/1.1" 200 2134
220.93.55.27 - - [21/Sep/2006:11:35:09 +0900]
“GET findex html HTTP/1.1" 200 2363
220.93.55.27 - - {21/Sep{2006:11:35:10 +0900]
"GET fbottor. 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.htm! HTTP/1.1* 200 2206
220.93.55.27 - - [21/Sep/2006:11:35:18 +0900}
“GET fh_pressure_01.html HTTP/1.1" 200 2507
220.93.55.27 - - [21/Sep/2006:11:35: 18 +0900]
“GET fh_pressure_0la html HTTP/1.1" 200 1232
220.93.55.27 - - [21/Sep/2006:11:37:22 +0900]
“GET faro.htm! HTTP/1.1* 2002134
220.93.55.27 - - [21/Sep/2006:11:37:25 +0900]
*GET faro_01.htrml HTTP/1.1" 200 1226
220.93.55.27 - - [21/Sep/2006:11:37:25 +0900]
“GET famo_01b-html HTTP/1.1” 200 4071
24.69.255.237 - - [21/Sep/2006:12:22:34 +0900]
“GET jwilden.htm] HTTP/1.1" 200 2126
24.69.255.237 - - [21/Sep{2006:12:22:40 +0900]
“GET fwilden_01 html HTTP/1.1* 200 1376
24.69.255.237 - - [21/Sep/2006:12:22:41 +0900]
"GET fwilden_01b.html HTTP/1.1" 200 4506
24.69.255.237 - - [21/Sep/2006:12:25:22 +0900)
“GET fwilden_02.html HTTP/1.1* 200 1376
24.69.255.237 - - [21/Sep/2006:12:25:22 +0900]
"GET wilden_02b.htm! HTTP/1.1” 200 4491

a3 5 HENE ¥2Ea9 o
Fig. 5 An example of access log

2063



B LEN G E=RA ALD ALS

TS0 2 ALEA 2 A A FH 0] o] F o] A oF e} o)
FE QAEAEL ALAER F5 59 EAE A3
AAES] ABAE A7) Yo 9Fo) B PaF X
Azt Q1F AxE AXA Ft. =R EE Q234
OETORE AMSALE 3] TR = glemg A
FALEA TES A8 Lh o AL IDE F 3ot Al
A IDE HEA R AHE AP 48 FE81o] £ 308
22 HAS A 1-149 A A2 702 = d 4212, 9 27
g, 4 27g, A] 2718, #2712, 2 2AHEl 2 o] oA
Atk 15UA A2l e FEA, 1630 A 2Hg = ALE A
A IPFAE FAFH itk MAL AL H S L A
A AHTEH HEE TEFNAAAE 2T AR
o] RE7| A7AA = FUT A A 93 =g
ARt ALgA7E DA AR ob - So)
S AL AZL AAIDE Rostn g2 Al g2 7
#atefof g}

SY2EY L2 §] Alo|ECA ALg2le o]FHEE
BN e ZE 9 AEARE DI &, ALE
A7F YArtol Eofl &8 £HRE A EAE o535
A8l wp-2F o] &3te] FE o|HMEE WYNIE &
AHQ 389 ARt} o] FYAEYE FR 8}
e 2209 AA YL S AL g 2
M @ stelH YA s U FYLEYL Y E
A O|FRZG N B HE AR TEE 2, FA
TARE TYTIPE F2 QAHAE R FE 8o §
FIP7L H2d EAEY o5 ARE 3530 E 32

RS AAPYFHITE D Ho|EE B8 A A
g ArEFo|r}

E 3 MMy

Table. 3 Click-streams of sessions

=DPN

20060921113439_210.114.57.238

20060921113440_210.114.57.238 bottom.html
1 20060921113440_210.114.57.238 main.php
20060921113442_210.114.57.238 company .html

20060921113659_210.114.57.238 aro.html

20060921113509_220.93.55.27 index.html
20060921113510_220.93.55.27 bottom.htmt

2 20060921113510_220.93.55.27 main.php
20060921113517_220.93.55.27 h_pressure.html
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20060921113518_220.93.55.27 h_pressure_01.html
20060921113518_220.93.55.27 h_pressure_0la.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_24.69.255.237 wilden.html
20060921122240_24.69.255.237 wilden_01.html

3 | 20060921122241_24.69.255.237 wilden_01b.html
20060921122522_24.69.255.237 wilden_02 html
20060921122522_24.69.255.237 wilden_02b.html
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Algorithm SearchHiddenLinks

input:  Click-stream Set CSet, Graph G=(V, E)
output: Updated Graph G=(V, E)

SearchHiddenLink(CSet, G {
Queue Q;

Stack S,

HashSet NewEdgeSet {
Stack s;
Vertex nv,
int count,

}

foreach ¢ in CSer |

Q.EnQueue(c); || 8 2:E9 2] A7 & Fol

34
S.pusi(Q.DeQueue()),
while (not Q.empty()) {

= 8.top();

V2 = Q.DeQueue();

if (< Vo> € E) |
S.push(V>),

} else {

it & M|

V.addVertex(Vs),

HAZE A4, A s
NewEdgeSet.hash(S, V>)++;
break;

} else {

S.pop();

}

}

}

S.initQ); |f 29 %73}

Q.ini(); [l 7 %718

}

foreach e in NewEdgeSet |

ffemvo] 8] 2ol Aol7} 714 B 74 Mg

if (e.nv is EdgeLengthPass(e.s)) |
Henvell thal 714 e 2 A el

if (e.nv is EdgeMax(s.count))

updateGraph(G<s.top(), e.nv>), || 12 X Z=7}
|

}

!

a8 6 AT slo|Ha =3 &Y App(E
Fig. 6 Algorithm for searching hidden hyperlinks
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