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A65tract 
W1th the 9r0w1n9 p0pu1ar1ty 0f the W0r1d W1de 
We6 (We6), 1ar9e v01ume5 0f data 5uch a5 
u5er addre55 0r URL re4ue5ted are 9athered 
aut0mat1ca11y 6y We6 5erver5 and c011ected 1n 
acce55 109 f11e5. D15c0ver1n9 re1at10n5h1p5 and 
9106a1 pattern5 that ex15t 1n 5uch f11e5 can 
pr0v1de 519n1f1cant and u5efu1 1nf0rmat10n f0r 
perf0rmance enhancement, re5tructur1n9 a 
We6 51te f0r 1ncrea5ed effect1vene55, and 
cu5t0mer tar9et1n9 1n e1ectr0n1c c0mmerce. 1n 
th15 paper, we pr0p05e an 1nte9rated 5y5tem 
(We67001) f0r app1y1n9 data m1n1n9 tech- 
n14ue5 5uch a5 a550c1at10n ru1e5 0r 5e4uent1a1 
pattern5 0n acce55 109 f11e5. 0nce 1ntere5t1n9 
pattern5 are d15c0vered, we 111u5trate h0w 
they can 6e u5ed t0 cu5t0m12e the 5erver 
hypertext 0r9an12at10n dynam1ca11y. 

1 1ntr0duct10n 
App1y1n9 data m1n1n9 techn14ue5 t0 the 
We6 15 ca11ed We6 m1n1n9 and can 6e 
6r0ken 1nt0 tw0 ma1n cate90r1e5:We6 
c0ntent m1n1n9 and We6 u5a9e m1n1n9 
[C0M097]. 7he f0rmer dea15 w1th d15c0v- 
er1n9 and 0r9an121n9 We6-6a5ed 1nf0rma- 
t10n wherea5 We6 u5a9e m1n1n9 
addre55e5 the pr061em 0f exh161t1n9 
6ehav10ura1 pattern5 fr0m 0ne 0r m0re 
We6 5erver5 c011ect1n9 data a60ut the1r 
u5er5. Even 1f We6 ana1y515 t0015 0ffer 
var10u5 fac111t1e5 (e.9. 115t 0f t0p re- 
4ue5ted URL5, addre55 0f u5er5, etc) 
[Hype98],  re1at10n5h1p5 am0n9 acce55ed 
re50urce5 0r u5er acce55e5 are n0t pr0- 
v1ded 6y 5uch t0015 wh1ch are 5t111 11m1ted 
1n the1r perf0rmance [2aX198]. 7he 
c0n51dered re1at10n5h1p5 are mere1y 
065ervat10n5 0f 1nd1v1dua1 6ehav10ur5 0f 
v151t0r5. 1f they are fre4uent, 1.e. 5uff1- 
c1ent1y repeated 6y 1nd1v1dua15 t0 6e 
re1evant, 1t c0u1d 6e an 1ntere5t1n9 
kn0w1ed9e f0r dec1510n maker5 wh0 
at tempt t0 draw 9enera1 1e550n5 fr0m 

part1CU1ar Ca5e5. F0r 1n5tanCe, re1at10n- 
5h1p5 and 9106a1 pattern5 em6edded 1n 
5erver5 can pr0v1de 519n1f1cant and u5efu1 
1nf0rmat10n f0r re5tructur1n9 a We6 51te 
f0r 1ncrea5ed effect1vene55. Furtherm0re 
1t 15 n0w p055161e t0 aut0mat1ca11y d15- 
c0ver a u5er pr0f11e 1n 0rder t0 ant1c1pate 
the need5 0f the u5er and pr0v1de the 
r19ht 1nf0rmat10n. Ex15t1n9 We6 ana1y515 
t0015 try t0 pr0v1de u5er pr0f11e5 6ut they 
have the f0110w1n9 draw6ack5: (1) the 
1nput 15 0ften a 5u6ject1ve de5cr1pt10n 0f 
the u5er5 6y the u5er5 them5e1ve5 and 
(11) the pr0f11e 15 5tat1c [M0C099]. 

We 5h0w 1n th15 paper that  data m1n1n9 
techn14ue5 5uch a5 a550c1at10n ru1e5 0r 
5e4uent1a1 pattern5 are very eff1c1ent f0r 
aut0mat1ca11y d15c0ver1n9 u5er pr0f11e5. 
F0r c0ncretene55, c0n51der a very 51mp1e 
a550c1at10n ru1e "•50 % 0 f  v151t0r5 wh0 
aCCe55ed URL5 /1nf0-f .htm1 and 1a60/ 
1nf05. htm1 a/50 V/5/ted 51tUat10n. htm1••. 
7he d15c0vered re1at10n5h1p can 6e u5ed 

t0 1mpr0ve the eff1c1ency 0f 1nf0rmat10n 
retr1eva1 6y prefetch1n9 d0cument5 f0r 
the u5er5. 1n 0ur ca5e, the We6 5erver 
may react t0 a cu5t0mer re4ue5t f0r 
1a60/1nf05.htm1 6y prefetch1n9 the 
51tuat10n.htm1 pa9e. M1n1n9 5e4uent1a1 
pattern5 w1th t1me c0n5tra1nt5 are very 
u5efu1 t0 capture typ1ca1 6ehav10ur5 0ver 
t1me, 1.e. 6ehav10ur5 5uff1c1ent1y repeated 
6y 1nd1v1dua15 t0 6e re1evant f0r dec1510n 
maker. 5e4uent1a1 pattern5 c0u1d pr0v1de 
temp0ra1 re1at10n5h1p5 5uch a5:••60 % 0 f  
c/1ent5 wh0 v151ted / j d k 1 . 1 . 6  / d0c5  / 

Packa9e-java.10.htm1 and /jdk1.1.6/ 
d0c5/java.10.8uffered-Wr1ter.htm1 /n the 
5ame tran5act/0n, a/50 acce55ed 
/ jdk1.1.6/d0c5/re1n0te5/deprecated115t.htm1 
dur1n9 the f0110w/n9 m0nth" 0r ••34 % 0 f  
c11ent5 v/5/ted/re1n0te5/deprecated115t.htm1 
6etween 5eptem6er the 20th and 0ct06er 
the 3~  h and /jdk1.1.6/d0c5 1n N0Vem6e/•. 
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Data Prepr0ce551n9 Kn0w~ed9e D15c0ve~ V15ua112at10n 700J 

F19ure 1: An 0verv/ew 0f  the We6 700/ pr0ce55 

5uch temp0ra1 re1at10n5h1p5 c0u1d 6e 
very u5efu1 t0 1mpr0ve the hyper text  
0r9an12at10n. We can u5e the 1nf0rmat10n 
"•a v151t0r acce55ed tw0 0r three pa9e5 1n 
1e55 than 5 5ec0nd5•• t0 9r0up t09ether the5e 
pa9e5 51nce 1t appear5 that there 15 n0 u5efu1 
1nf0rmat10n f0r v151t0r5. Furtherm0re, 1n 
0rder t0 pr0v1de an eff1c1ent nav19at10n t0 
the v151t0r, the 0r9an12at10n 0f the 5erver 
can 6e cu5t0m12ed and nav19at10na1 11nk5 
can 6e dynam1ca11y added. 

7he 9r0undw0rk 0f the appr0ach pre- 
5ented 1n th15 paper 15 We6 u5a9e m1n- 
1n9. We pr0p05e an 1nte9rated 5y5tem, 
ca11ed We67001, f0r m1n1n9 e1ther a550- 
c1at10n ru1e5 0r 5e4uent1a1 pattern5. 0u r  
pr0p05a1 pay5 parUcu1ar attent10n t0 t1me 
c0n5tra1nt hand11n9. 0nce 1ntere5t1n9 
pattern5 are d15c0vered, we 111u5trate h0w 
they can 6e u5ed t0 dynam1ca11y cu5t0m12e 
the hypertext 0r9an12at10n. M0re prec15e1y, 
the u5er current 6ehav10ur can 6e c0m- 
pared t0 0ne 0r m0re 5e4uent1a1 pattern5 
and nav19at10na1 h1nt5 can 6e added t0 the 
pa9e5 pr0ved t0 6e re1evant f0r th15 cat- 
e90rY 0f u5er5. 

7he re5t 0f the paper 15 0r9an12ed a5 
f0110w5. 1n 5ect10n 2 we pre5ent an 
0verv1ew 0f the We67001 5y5tem. 5ect10n 
3 addre55e5 the pr061em 0f u51n9 d15c0v- 
ered pattern5 1n 0rder t0 update the 
hypertext  0r9an12at10n. Re1ated w0rk 15 
pre5ented 1n 5ect10n 4. F1na11y 5ect10n 5 
c0nc1ude5 w1th exper1ment5 and future 
d1rect10n5. 

2 0verv1ew 0f the We67001 5y5tem 
F0r pre5ent1n9 0ur appr0ach, we ad0pt 
the chr0n01091ca1 v1ewp01nt 0f data 
pr0ce551n9: fr0m c011ected raw data t0 
exh161ted kn0w1ed9e. L1ke 1n [C0H097], 
we c0n51der that the mechan15m f0r 
d15c0ver1n9 re1at10n5h1p5 and 9106a1 
pattern5 1n We6 5erver5 15 a 2-pha5e 

pr0ce55. Fr0m data aut0mat1ca11y 9ath- 
ered 6y We6 5erver5 and c011ected 1n 
acce55 109 f11e5, the prepr0ce551n9 pha5e 
rem0ve5 1rre1evant data and perf0rm5 a 
c1u5ter1n9 0f entr1e5 dr1ven 6y t1me 
c0n51derat10n5. 1t y1e1d5 1n a p0pu1ated 
data6a5e c0nta1n1n9 the mean1n9fu1 
rema1n1n9 data. 1n the 5ec0nd pha5e, 
data m1n1n9 techn14ue5 are app11ed 1n 
0rder t0 extract  u5efu1 pattern5 0r re1a- 
t10n5h1p5 and a v15ua1 4uery 1an9a9e 15 
pr0v1ded 1n 0rder t0 1mpr0ve the m1n1n9 
pr0ce55. 0ur  appr0ach 15 5upp0rted 6y an 
1nte9rated 5y5tem enf0rc1n9 the de- 
5cr16ed capa6111t1e5. 1t5 funct10na1 arch1- 
tecture, c105e t0 that  0f the We6M1ner 
[C0M097], 15 dep1cted 1n f19ure 1. 

Data Prepr0ce551n9 
An entry 1n the 109 f11e 9enera11y re5pect5 
the C0mm0n L09 F0rmat 5pec1f1ed 6y the 
CERN and the NC5A [W3C98]. Dur1n9 the 
data pr0ce551n9, three type5 0f man1pu- 
1at10n5 are carr1ed 0ut 0n the entr1e5 0f 
the 5erver 109. F1r5t 0f a11, a data f11ter1n9 
5tep 15 perf0rmed 1n 0rder t0 f11ter 0ut 
1rre1evant re4ue5t5 (f0r 1n5tance, th15 
5tep can f11ter 0ut re4ue5t5 enc0mpa551n9 
9raph1c5 0r 50und). 7hen the rema1n1n9 
acce55 109 f11e 15 50rted 6y addre55 and 
t1me. F1na11y, we pr0p05e 11ke 1n [M0Ja96] 
t0 c1u5ter t09ether entr1e5 5uff1c1ent1y 
c105e 0ver t1me. 1ndeed, an entry 1n the 
acce55 109 f11e c0u1d 6e 5een a5 a 51n91e 
tran5act10n. 1n 0rder t0 6etter under- 
5tand temp0ra1 re1at10n5h1p5 em6edded 
1n the acce55 f11e5, tran5act10n5 are 6u11t 
up 6y 9r0up1n9, f0r each v151t0r, URL5 
acce55ed 1n the 5ame w1nd0w 512e ac- 
c0rd1n9 t0 a max1mum t1me 9ap. F0r 
examp1e, 1et u5 c0n51der a t1me 9ap 
va1ue 0f 3 5ec0nd5 and the f0110w1n9 
v151t0r nav19at10n fr0m an acce55 109 f11e: 

192.70.76.73--[22/N0v/1998:11:06:11 +0200] 

~6E7 /1nf0/pr09ram.htm1 H77P/1.0" 
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192.70.76.73-[22/N0v/1998:11:06:12 +0200] 

~6E7 /1nf0/mat1ere.htm1 H77P/1.0" 

7he tw0 entr1e5 can 6e 9r0uped t09ether 
51nce the de1ay 6etween the tw0 tran5ac- 
t10n5 15 1e55 than 3 5ec0nd5.7he prepr0- 
ce551n9 pha5e re5u1t5 1n a new data6a5e 
c0nta1n1n9 c0ded tran5act10n5. Each 
tran5act10n, pr0v1ded w1th a reJat1ve 
data, c0ncern5 a v151t0r, and 9r0up5 
t09ether URL5 v151ted dur1n9 a c0mm0n 
t1me ran9e. 

Kn0w1ed9e 015c0ve~ 
Fr0m the tran5f0rmed data y1e1ded 6y the 
prepr0ce551n9 5ta9e, tw0 techn14ue5 0f 
kn0w1ed9e d15c0veW can 6e app11ed f0r 
fu11y meet1n9 the ana1y5t need5: a550c1a- 
L10n ru1e5 and 5e4uent1a1 pattern5. A550- 
c1at10n ru1e5 m1n1n9 pr0v1de5 the end u5er 
w1th c0rre1at10n5 am0n9 reference5 t0 
var10u5 pa9e5 and 5e4uent1a1 pattern5 can 
6e u5ed t0 determ1ne temp0ra1 re1at10n- 
5h1p5 am0n9 pa9e5. Furtherm0re, m1n1n9 
5e4uence5 w1th t1me c0n5tra1nt5 a110w5 a 
m0re f1ex161e hand11n9 0f the v151t0r tran5- 
act10n5, 1n50far the end u5er 15 pr0v1ded 
w1th the f0110w1n9 advanta9e5: 

1. 70 9ather pa9e acce55e5 when the1r 
date5 are rather c105e. F0r examp1e 1t 
d0e5 n0t matter 1f pa9e5 1n a 5e4uen- 
t1a1 pattern were pre5ent 1n tw0 d1ffer- 
ent tran5act10n5, a5 10n9 a5 the 
tran5act10n-t1me5 0f th05e tran5act10n5 
are w1th1n 50me 5ma11 t1me w1nd0w. 1n 
0ther w0rd5, 6y 1ntr0duc1n9 a t1me 
w1nd0w we re1ax the 0r191na1 tran5ac- 
t10n cutt1n9 and c0u1d c0n51der that a11 
URL5 acce55ed dur1n9 a 5ma11 ran9e 
(few 5ec0nd5) are 9r0uped t09ether. 
W1th a 5ma11 512e 0f t1me w1nd0w, we 
may c0n51der that  the5e URL5 are 
ma1n1y c0ncerned 6y nav19at10n. 

2 .70 re9ard 5et5 0f pa9e5 a5 t00 c105e 0r 
d15tant t0 appear 1n the 5ame fre4uent 
5e4uence. F0r examp1e, the end u5er 
pr06a61y d0e5 n0t care 1f a v151t0r ac- 
ce55ed / jaVa- tut0r 1a1/U1 /an1mL00p. htm1, 
f0110wed 6y /re1n0te5/depreCated115t.htm1 
three m0nth5 1ater. 

V15ua112at10n 7001 
7he ana1y5t 15 pr0v1ded w1th a 4uery 
1an9ua9e f0r expre551n9 h15 preference5. 

1n th15 1an9ua9e, re9u1ar expre5510n5 
0ver URL5 are u5ed t0 5e1ect antecedent 
0r c0n5e4uent 0f the ru1e. Furtherm0re, 
1n 0rder t0 d15card 1rre1evant 1nput5 f0r a 
part1cu1ar ana1y515, re5tr1ct10n param- 
eter5 refer1n9 date5 0r 1P addre55 d0- 
ma1n5 are a150 pr0v1ded. 

We 1mp1emented the We67001 5y5tem 
u51n9 6NU C++ w1th 57L and the u5er 
1nterface m0du1e 15 1mp1emented u51n9 
]ava wh1ch 91ve5 5evera1 6enef1t5 60th 1n 
term5 0f added funct10na11ty and 1n term5 
0f ea5y 1mp1ementat10n. 7h15 m0du1e a150 
c0ncern5 the prepr0ce551n9 pha5e, 1.e. 
the mapp1n9 fr0m an acce55 109 f11e t0 a 
data6a5e 0f data-5e4uence5 acc0rd1n9 t0 
the u5er def1ned t1me w1nd0w, a5 we11 a5 
the v15ua112at10n t001. 1ntere5ted reader 
may refer t0 [MaP099] where a c0mp1ete 
de5cr1pt10n 0f the We67001 5y5tem 15 
pr0p05ed. 

3 Updat1n9 the Hypertext 
0r9an12at10n Dynam1ca11y 
J01nt1y w1th the We67001 5y5tem, we 
deve10ped a 9enerat0r 0f dynam1c 11nk5 1n 
We6 pa9e5 u51n9 the ru1e5 9enerated fr0m 
5e4uent1a1 pattern5 0r a550c1at10n ru1e5. 
7he 9enerat0r 15 1ntended f0r rec09n121n9 a 
v151t0r acc0rd1n9 t0 h15 nav19at10n thr0u9h 
the pa9e5 0f a 5erver. When the nav19at10n 
matche5 a ru1e, the hypertext 0r9an12at10n 
15 dynam1ca11y m0d1f1ed. 

51nce we are 0n1y 1ntere5ted 1n nav19a- 
t10n thr0u9h pa9e5, we a55ume, 1n the 
f0110w1n9, that  the hypertext  d0cument 15 
def1ned a5 a d1rected weak1y c0nnected 
1a6e1ed mu1t19raph. 1n50far a nav19at10n 
thr0u9h the hypertext  c0rre5p0nd5 t0 a 
5e4uence 0f 5t0p5 1n 5evera1 pa9e5. 1n 
0ther w0rd5, a nav19at10n 1n the 
hypertext  d0cument 15 an a1ternated 
5e4uence 0f n0de5 and ed9e5 
nt00et00nt11eu1.., nt~1,.,et~1Hnt~., 6e91nn1n9 
and end1n9 w1th n0de5, 1n wh1ch each 
ed9e 15 1nc1dent w1th the tw0 n0de5 
1mmed1ate1y preced1n9 and f0110w1n9 1t. 

1n the f0110w1n9 we n0 10n9er c0n51der 
ed9e5 6etween pa9e5, and a hypertext 
nav19at10n f0r a v151t0r C 15 a tup1e E c =< 
1d•, {nt* 1, nt~ 2, ... ntmm }>  where, f0r 1 < k 
• m, ntk k 15 the k th n0de acce55ed 6y the 
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F19ure 2:  6enera/arch1tecture 

v151t0r (URL 0f the reached pa9e) w1th 1t5 
a550c1ated t1me 5tamp. 

Let u5 a55ume u5er def1ned parameter5 
5tand1n9 f0r t1me c0n5tra1nt5. A ru1e R 
9enerated fr0m 5e4uent1a1 pattern5 0r 
a550c1at10n ru1e5, 15 a tup1e R = <<a~ a 2 
... a~>, <c 1 c 2 .... cj>> where, f0r 1 < k < 
1, a k 5tand5 f0r a 5et 0f URL5 1n the 
antecedent part and, f0r 1 < k •< j, c k 
5tand5 f0r a 5et 0f URL5 1n the c0n5e- 
4uent part. Furtherm0re the antecedent 
a5 we11 a5 the c0n5e4uent part  re5pect 
t1me c0n5tra1nt5. A5 111u5trat10n, c0n51d- 
er1n9 the 5ec0nd examp1e 0f the 5ect10n 
1, the ru1e R 15 the f0110w1n9 R = < < (  
/jdk1.1 . 6/d0C5/PaCka9e-java. 10 .htm1 

/jdk1.1.6/d0C5/jaVa. 10.8uffered- 
Wr1ter.htm1)>, <(/jdk1.1.6/d0c5/re1- 

n0te5/deprecated-115t .htm1) > > 

F0r perf0rm1n9 the 1n5ert10n 0f a dynam1c 
11nk fr0m the antecedent part 0f a ru1e, 
1et u5 1ntr0duce the 1ntere5t1n9 5u65et 
n0t10n: c0n51der1n9 a u5er def1ned pa- 
rameter m1nPa9e5, 5tand1n9 f0r the 
m1n1ma1 num6er 0f pa9e5 fr0m wh1ch a 
11nk can 6e added. 7he 1ntere5t1n9 5u65et 
0f R, n0ted 15R, 15 def1ned a5 f0110w5: f0r 
a11 a k 1n {a~ a 2 ... a,}, a k e 15 R 1f and 0n1y 
1f k < m1nPa9e5. 

1n 0rder t0 111u5trate when an hypertext  
5at15f1e5 a ru1e, 1et u5 c0n51der a v151t0r 
nav19at10n <X t° A t1 yt2 8t3 2t4 Ct5> where 
X, A, Y, 8, 2, C are URL5 aCCe55ed 6y the 
v151t0r. 8y 1ntr0duc1n9 t1me c0n5tra1nt5, 
0ne 0f the v151t0r path C0U1d 6e: p = 
<(Xt0) (At1 yt2 8t3) (2t4 Ct5)>. N0w, 1et u5 
c0n51der a ru1e R where the 5et 0f URL5 
0f the antecedent part 15: a= <(A 8) (C) 
(DE)> .  Let u5 a55ume that m1nPa9e5=3, 
thU5 t0 6e C0n51dered a5 1ntere5t1n9 
three pa9e5 mu5t 6e acce55ed 6y the 

5ame v151t0r. 7he 1ntere5t1n9 5u65et, 
15 R, 15 the f0110w1n9 <(A 8) (C)>. 7he 
v151t0r 5at15f1e5 the ru1e 51nce (A 8) 15 
a 5u65et 0f (A t1 ~2 8t3) and (C) 15 a 
5u65et 0f (2 t4 Ct5). 

1mp1ementat10n /55ue5 
7he techn14ue pre5ented 50 far wa5 
1mp1emented u51n9 the funct10na1 
arch1tecture dep1cted 1n f19ure 2. 

7he We6 5erver (h t tp  daem0n) react5 t0 
a cu5t0mer re4ue5t return1n9 an app1et 
enchar9ed 0f the c0nnect10n t0 the 
v151t0r mana9er m0du1e 1n 0rder t0 
tran5m1t v151t0r 1P addre55, re4u1red URL 
and a c00k1e enc0mpa551n9 the v151t0r 
nav19at10n. 7he v151t0r mana9er m0du1e 
15 a Java app11cat10n runn1n9 0n the We6 
5erver 51te and u51n9 a c11ent/5erver 
mechan15m. When rece1v1n9 1P addre55 
and re4u1red URL, the v151t0rmana9er 
exam1ne5 the cu5t0mer 6ehav10ur 6y 
u51n9 the ru/e 6a5e thr0u9h the c0rre- 
5p0ndence m0du1e. 

7he 1atter check5 1f the cu5t0mer 
6ehav10ur, 1.e. the c11ent nav19at10n, 
5at15f1e5 a ru1e prev10u51y extracted 6y 
the data m1n1n9 pr0ce55. When an 1nput 
5at15f1e5 a ru1e 1n the c0rre5p0ndence 
m0du1e, the re4u1red pa9e 15 m0d1f1ed 6y 
the pa9e mana9er wh1ch dynam1ca11y 
add5 11nk5 t0ward5 the c0n5e4uent 0f the 
rec09n12ed ru1e. 7he app1et then rec0ver5 
the URL and d15p1ay5 pa9e 0n the nav19a- 
t0r. 1f n0 ru1e c0rre5p0nd5 t0 the current 
6ehav10ur 0f the cu5t0mer, the URL 
t0ward5 the re4u1red pa9e 15 turned 0ver 
t0 the app1et wh1ch can d15p1ay 1t. 

1n 0rder t0 111u5trate h0w a dynam1c 11nk 
15 1n5erted, 1et u5 c0n51der the f0110w1n9 
examp1e. 1n the d1fferent ru1e5 06ta1ned 
fr0m the 1U7 acce55 109 f11e, we have 
n0t1ced that 85% 0f v151t0r5 wh0 v151ted " /  
1ndex. htm1•• and "/1nf0/1ndex. htm1•" pa9e5 
1n the 5ame tran5act10n, f0110wed 6y " /  
1nf0/pr09ram.htm1" w1th1n 2 day5, re4ue5t 
the 5erver 0n the "11nf010pp0rtun1ty.htm1•• 
URL after an add1t10na1 v151t t0 the "/1nf0/ 
1ndex.htm1" (C.f. F19Ure 3). 

Let u5 c0n51der a c11ent acce551n9 the 
pa9e5 < (1ndex.htm1 1nf0/9enera. htm1) 
(1nf0/pr09ram.htm1)> dur1n9 h15 nav19a- 

16 



F19ure 3: Part 0f the hypertext 0r9an/2at10n and 
dynam1ca//y 1n5erted/1nk 

t10n. Let U5 C0n51der that the naV19at10n 
5at15f1e5 the prev10u5 ru1e. A 11nk c0rre- 
5p0nd1n9 t0 each c0n5e4uent 0f th15 ru1e 
15 added t0 the pa9e. 1n 0ur ca5e, a 11nk 
t0 the pa9e ••0pp0rtun1t1e5" (/•nf0/ 
0pp0rtun1ty.htm1) 15 dynam1ca11y 1n5erted 
1n the URL c0ncern1n9 the Pr09ram (C.f. 
F19ure 3). 

4 Re1ated W0rk 
Ana1y21n9 u5er acce55 109 f0r exh161t1n9 
u5efu1 acce55 pattern5 ha5 6een 5tud1ed 
1n 50me 1ntere5t1n9 appr0ache5. Am0n9 
them, we 4u0te the appr0ach pre5ented 
1n [C0M097,M0Ja96]. A f1ex161e arch1tec- 
ture f0r We6 m1n1n9, ca11ed WE8M1NER, 
and 5evera1 data m1n1n9 funct10n5 (c1u5- 
ter1n9, a550c1at10n, etc) are pr0p05ed. 
F0r 1n5tance, even 1f t1me c0n5tra1nt5 are 
n0t hand1ed 1n the 5y5tem, an appr0ach 
f0r m1n1n9 5e4uent1a1 pattern5 15 ad- 
dre55ed. Furtherm0re var10u5 c0n5tra1nt5 
can 6e 5pec1f1ed u51n9 a 5QL-11ke fan- 
9ua9e w1th re9u1ar expre5510n 1n 0rder t0 
pr0v1de much m0re c0ntr01 a11 a10n9 the 
d15c0very pr0ce55. 1n [M0C099], the 
auth0r5 addre55 the pr061em 0f aut0- 
mat1c per50na112at10n, 1.e. tak1n9 1nt0 
acc0unt the u5er•5 ta5te t0 pr0v1de 
aut0mat1ca11y the r19ht 1nf0rmat10n. 

7he WUM 5y5tem pr0p05ed 1n [5pLu98] 15 
6a5ed 0n an ••a99re9ated mater1a112ed 
v1ew 0f the We6 109". 5uch a v1ew c0n- 
ta1n5 a99re9ated data 0n 5e4uence5 0f 
pa9e5 re4ue5ted 6y v151t0r. A 4uery 
pr0ce550r 15 1nc0rp0rated t0 the m1ner 1n 
0rder t0 1dent1fy nav19at10n pattern5 5at15fy- 
1n9 pr0pert1e5 (ex15tence 0f cyc1e5, repeated 
acce55, etc) 5pec1f1ed 6y the u5er. 

0n-11ne ana1yt1ca1 pr0ce551n9 (0LAP) and 
mu1t1-d1men510na1 We6 109 data cu6e are 
pr0p05ed 6y [2aX198]. 1n the 
We6L09M1ner pr0ject, the data 15 5p11t up 

1nt0 the f0110w1n9 pha5e5. 1n the f1r5t 
pha5e, the data 15 f11tered t0 rem0ve 
1rre1evant 1nf0rmat10n and 1t 15 tran5- 
f0rmed 1nt0 a re1at10na1 data6a5e 1n 0rder 
t0 fac111tate the f0110w1n9 0perat10n. A 
mu1t1-d1men510na1 array 5tructure, ca11ed 
a data cu6e 15 6u11t, each d1men510n 
repre5ent1n9 a f1e1d w1th a11 p055161e 
va1ue5 de5cr16ed 6y attr16ute5. 0LAP 
techn0109y 15 u5ed 1n the th1rd pha5e. 
F1na11y data m1n1n9 techn14ue5 can 6e 
u5ed 0n the We6 109 data cu6e and We6 
109 data6a5e. 

7he u5e 0f acce55 pattern5 f0r aut0mat1- 
ca11y c1a551fy1n9 u5er5 0n a We6 51te 15 
d15cu55ed 1n [YaJ096]. 1n th15 w0rk, the 
auth0r5 1dent1fy c1u5ter5 0f u5er5 that 
acce55 51m11ar pa9e5 u51n9 u5er acce55 
109 entry. 7h15 1ead t0 an 1mpr0ved 
0r9an12at10n 0f the hypertext d0cument5. 
1n th15 ca5e, the 0r9an12at10n can 6e 
cu5t0m12ed 0n the f1y and 11nk5 can 6e 
dynam1ca11y 5u99e5ted. 

5 C0nc1u510n 
1n th15 paper, we pre5ented an arch1tec- 
tura1 framew0rk f0r We6 u5a9e m1n1n9. 
We 5h0wed that a550c1at10n ru1e5 and 
5e4uent1a1 pattern5 extracted fr0m We6 
5erver acce55 1095 a110w t0 pred1ct u5er 
v151t pattern5 a5 we11 a5 a dynam1c 
hypertext 0r9an12at10n. 

70 va11date 0ur 5y5tem, we carr1ed 0ut a 
num6er 0f exper1ment5. F1r5t, the 109 
wa5 taken fr0m the <~ 1U7 d•A1x en 
Pr0vence • we6 51te. 7he 51te h05t5 a 
var1ety 0f 1nf0rmat10n 1nc1ud1n9 the h0me 
pa9e5 0f 10 department5, c0ur5e 1nf0r- 
mat10n 0r j06 0pp0rtun1t1e5. Dur1n9 
exper1ment5, the acce55 109 f11e c0vered 
a per10d 0f 51x m0nth5 and there were 
10, 384 re4ue5t5 1n t0ta1. Exper1ment5 0n 
th15 109 were ma1n1y c0ncerned 6y a550c1a- 
t10n ru1e5: we wanted t0 kn0w m0re a60ut 
acce55ed pa9e5 6ut we d1dn•t care a60ut 
temp0ra1 a5pect5. We thu5 c0nducted 
exper1ment5 u51n9 d1fferent m1n1mum 
5upp0rt va1ue5. Emp1r1ca1 eva1uat10n5 
5h0wed that the end u5er wa5 pr0v1ded 
w1th ru1e5 1n 1e55 than 40 5ec0nd5 w1th a 
5upp0rt va1ue 0f 20%. 1n 0ther w0rd5, 
a55um1n9 that the prepr0ce551n9 pha5e 15 
d0ne, we can 06ta1n a11 the nav19at10n 



path5 f0110wed 6y at 1ea5t 20% 0f v151t0r5 
1n 1e55 than 40 5ec0nd5.7he f0110w1n9 
are examp1e5 0f d15c0vered ru1e5: 

(/1ut/1m95/ve111e3.jP9)} (/1ut/pa9e5/ 
50mma1re.htm1) (/1ut/pa9e5/f0rmat.htm1) 
5upp0rt 0.5 

(/1ut/pa9e5/pr09.htm1) } (/1ut/pa9e5/ 
1nf0,htm1) (/1ut/m4/Pa9e5/616110.htm1) 

5upp0rt 0.582 

5ec0nd, we were 1ntere5t1n9 1n exper1- 
ment5 hand11n9 t1me c0n5tra1nt5 w1th the 
acce55 109 f11e 06ta1ned fr0m the L1RMM 
H0me Pa9e. 7he 109 c0nta1n5 a60ut 150K 
entr1e5 c0rre5p0nd1n9 t0 the re4ue5t5 
made dur1n9 March 0f 1998 and 1t5 512e 
15 a60ut 85M 8yte5 (6ef0re pre-pr0ce55- 
1n9). 7here are 1500 d15t1nct URL5 refer- 
enced 1n the tran5act10n5 and 2000 
v151t0r5. Let u5 c0n51der the f0110w1n9 
ru1e extracted 6y the m1n1n9 pr0ce55 0n 
the 109 c0n51der1n9 t1me c0n5tra1nt5: 
<(/jdk1.1.6 /jdk1.1,6/d0c5/1ndex.htm1) 

( / jdk1.1.6/d0C5/ap1/paCka9e5 .htm1) 

< (/jdk1.1.6/d0c5/re1n0te5 / 

deprecated115t.htm1) > 1nd1Cat1n9 that 

67% 0f v151t0r5 wh0 acce55ed the URL5 
(/jdk1.1.6 /jdk1.1.6/d0c511ndex.htm1) 

the 5ame day, the URL (/jdk1.1.6/d0c5/ 

ap1/packa9e5.htm1) m0re than 2 day5 
after, a150 V151ted the URL (/jdk1. 1.6/ 
d0C5 / re1n0t e5 /deprecat ed115 t. htm1 ) 

w1th1n 5 day5 and 2.3% 0f v151t0r5 have 
acce55ed f0ur URL5. 

7h1rd, 1n 0rder t0 a55e55 the re1at1ve 
perf0rmance 0f the 5y5tem when updat- 
1n9 the hypertext dynam1ca11y, we have 
9enerated 5ynthet1c data 51mu1at1n9 
acce55 109 f11e5. Exper1ment5 were per- 
f0rmed 0n a m1rr0r 51te 0f the 1U7 d•A1x 
en Pr0vence. We 065erved that c00k1e5 
and c11ent/5erver mechan15m5 d0 n0t 
510w d0wn pa9e acce55 (reach1n9 a pa9e 
thr0u9h an app1et re4u1re5 1e55 than 0ne 
5ec0nd). Neverthe1e55, we are current1y 
1nve5t19at1n9 h0w t0 eff1c1ent1y 1n5ert 
5evera1 11nk5 1nt0 a pa9e. 1n5ert1n9 a 
dynam1c 11nk 15, f0r the m0ment, 
ach1eved u51n9 a 5cr1pt wr1ten 1n Per1 and 
we c0n51der that a11 pa9e5 are pr0v1ded 
w1th a 5et 0f c0mment ta95 wh1ch are 
rem0ved when the pa9e 15 updated. 

Future w0rk 0n We6 u5a9e m1n1n9 w111 6e 
d0ne 1n var10u5 d1rect10n5. F1r5t, we a1m 
t0 1mpr0ve the ana1y515 0f v151t0r 
6ehav10ur enc0mpa551n9 fre4uent 6ack- 
track5. Even 1f app1et-6a5ed, 51te t0p01- 
09Y [P1tk97] 0r ••c11ent-51te" 109 f11e5 
[2aX198] 501ut10n5 ex15t, they are n0t 
ea5y t0 hand1e and need an acce55 t0 the 
v151t0r 51te. 5ec0nd, we are current1y 
5tudy1n9 h0w t0 1mpr0ve the pr0ce55 
extract10n u51n9 an 1ncrementa1 m1n1n9. 
7h15 pr061em 15 very 1mp0rtant 1n the 
We6 m1n1n9 c0ntext 51nce the 109 f11e5 
(acce55 109, err0r f09, etc) are a1way5 
9r0w1n9. We th1nk that an 1ncrementa1 
appr0ach f0cu51n9 0n re1at10n5h1p5 prev1- 
0u51y extracted c0u1d 6e very eff1c1ent.~:~ 

Reference5 
[ChKa97] D.W, Cheun9, 8. Ka0, and J. Lee. 
D15c0ver1n9 U5er Acce55 Pattern5 0n the W0r1d- 
W1de We6. 1n Pr0ceed1n95 0f the 15t Pac1f1c-A51a 
C0nference 0n Kn0w1ed9e D15c0very and Data 
M1n1n9 (PAKDD•97), Fe6ruary 1997. 

[W3C98] W0r1d W1de We6 C0n50rt1um. httpd- 
109 f11e5. 1n http://115t5.w3.0r9/Arch1ve5, 19980 

[C0M097] R. C001ey, 8. M06a5her, and J. 
5r1va5tava. We6 M1n1n9: 1nf0rmat10n and 
Pattern D15c0very 0n the W0r1d W1de We6. 1n 
Pr0ceed1n95 0f the 9th 1EEE 1nternat10na1 
C0nference 0n 70015 w1th Art1f1c1a1 1nte1119ence 
(1C7A1•97), N0vem6er 1997. 

[Hype98] HyperNew5. Httpd 109 ana1y2er5. 1n 
http://www.hypernew5.0r9/HyperNew5/9et- 
www/109ana1y2er5.htm1, 1998 

[MaP099] F. Ma55e911a, P. P0nce1et, and R. 
C1cchett1. We67001: An 1nte9rated Framew0rk 
f0r Data M1n1n9. 1n Pr0ceed1n95 0f the 10th 
1nternat10na1 C0nference 0n Data6a5e and 
Expert 5y5tem5 App11cat10n5 (DEXA•99), 
F10rence, 1ta1y, Au9u5t 1999. 

[M0C099] 8. M06a5her, R. C001ey, and J. 
5r1va5tava. Aut0mat1c Per50na112at10n 8a5ed 
0n We6 U5a9e M1n1n9.7echn1ca1 rep0rt, 
Depau1 Un1ver51ty, 1999. 

[M0Ja96] 8. M06a5her, N. Ja1n, E. Han, and J. 
5r1va5tava. We6 M1n1n9: Pattern D15c0very 
fr0m W0r1d W1de We6 7ran5act10n5.7echn1ca1 
Rep0rt 7R-96-050, Department 0f C0mputer 
5c1ence, Un1ver51ty 0f M1nne50ta, 1996. 

18 



[P1tk97] J. P1tk0w. 1n 5earch 0f Re11a61e U5a9e 
Data 0n the WWW. 1n Pr0ceed1n95 0f the 6th 
1nternat10na1 W0r1d W1de We6 C0nference, 
pa9e5 451-463, 5anta C1ara, CA, 1997. 

[5pLu98] M. 5p1110p0u10u and L.C. Fau15t1ch. 
WUM: A 7001 f0r We6 Ut1112at10n Ana1y515. 1n 
Pr0ceed1n95 0f ED87 W0rk5h0p We6D8•98, 
Va1enc1a, 5pa1n, March 1998. 

[YaJ096] 7. Yan, M. Jac065en, H. 6arc1a-M011na, 

and U.Daya1. Fr0m U5er Acce55 Pattern5 t0 

Dynam1c Hypertext L1nk1n9. 1n Pr0ceed1n95 0f 
the 5th 1ntemat10na1 W0r1d W1de We6 C0nfer- 
ence, Par15, France, May 1996. 

[2aX198] 0. 2a~fane, M. X1n, and J. Han. 
D15c0ver1n9 We6 Acce55 Pattern5 and 7rend5 
6y App1y1n9 0LAPand Data M1n1n9 7echn01- 
09y 0n We6 L095. 1n Pr0ceed1n95 0n Advance5 
1n D191ta1 L16rar1e5 C0nference (ADL•98), 
5anta 8ar6ara, CA, Apr11 1998. 

WE8 DE5a6N C0N7E57 
1t•5 t1me t0 rede519n the ACM 516D0C We6 pa9e5 (http: 11Www.aCm.0r91519d0C). 

516D0C 15 5p0n50r1n9 a rede519n-the-We6-Pa9e5 c0nte5t. Y0u are e119161e t0 j01n 1f 
y0u are a 516D0C mem6er  0r j01n 516D0C at the t1me y0u 5u6m1t y0ur  entry.  

7he pr12e w111 6e the y0ur  ch01ce 0f e1ther 0ne free re915trat10n f0r the 516D0C 2000 
C0nference t0 6e he1d 1n Cam6r1d9e, MA, 0r a fu11 0ne-year  ACM mem6er5h1p. 7he 
w0rk  w0u1d 0therw15e 6e v01unteer. 

7he pa9e5 5h0u1d meet 5evera1 cr1ter1a, 1nc1ud1n9: 

0 C0mp11ance w1th the We6 Acce5516111ty 1n1t1at1ve (WA1), 5ee W3C 9u1de11ne5 at 
http : / /www.w3.0r9 /wa1 

• N0 c00k1e5 and, prefera61y, n0 Java 

• A6111ty t0 6e v1ewed 0n a w1de var1ety 0f 6r0w5er5 and p1atf0rm5 w1th0ut 1055 0f 
1nte9r1ty 

• A6111ty f0r 50me0ne 0ther  than the de519ner t0 ma1nta1n 

M1n1ma1 d0wn10ad t1me -- n0t 9raPh1c 1nten51ve 

• A6111ty t0 5earch the 51te 

• N0 m0v1n9 part5 

0 N0 Frame5 

De519n5 w111 6e jud9ed 0n the a60ve, p1u5 

• v15ua1 de519n (1dent1ty, c1ar1ty) 
• nav19a6111ty 

u5a6111ty 5tandard5 

5u6m1t an 0vera11 de519n f0r the 5et 0f pa9e5 a5 we11 a5 tw0 0r three 5amp1e pa9e5, 
1nc1ud1n9 the h0me pa9e and a ma1n ••feature5 and 6enef1t5" pa9e 

U5e the ex15t1n9 mater1a1 fr0m the We6 pa9e5 a5 we11 a5 any 1dea5 f0r new pa9e5. 

Dead11ne: Decem6er 15, 1999 

5u6m1t pa9e5 0r URL5 t0 56j 0ne5•m1t. edu, L1nda5ue. 7rapa550•c0mpa4. c0m, 

n1na. w15h60w•entru5t, c0m 
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