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ABSTRACT

This thesis offers a new algorithm for web sequential pattern discovery by using Join Operation
Method. This method creates Candidate Generation (C,) on the objective of improving rule of relation
used in predict the World Wide Web. It is obviously seen that Sequential Pattern Discovery Algorithm
method, applied with data on web page, would result in low efficiency rule of relation because this
method does not concern about order and recent page factor.

Therefore, this thesis would offer method of sequential pattern discovery that could find rule
with short and long rule. The short rule will be the starting point and be used to discovery relationship
to search for longer sequence. This would also solve the problem of Sequential Pattern Discovery
Algorithm Method by the condition t'hat the information must be in order and sequence to each other in
order to establish the relationship. This relationship establishment could be called as Join Operation.
This method suits for web-log data, and resulted in the ability to discovery short and long sequence with
more precise forecast.

When relationship used in rule of relation incurred, rule of relation would be selected by Tree
Pruning and eliminate unimportant relation. The rest rule would be used in prediction and resulted in

increasing Precession Rate of prediction.
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AR (Con) - Sup (LHS => RHS) (2.2)
Sup (LHS)
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Sup (LHS) = Count (LHS)

Count (Table)
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2.1.1 8an83NuONI 003 (Apriori Algorithm)
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ltemset 1490 iveiTunisiiiuilseAnSamusssanesiu Taomssrvaniiuf Hozdedum
Frequent Itemset 1ugiudoya nsziilae Itemset 1a nimaivayuiesnhamivayu
3 { . 1 3 & 1 " Y U 3 '
UosfigA (Minimum Support) 117413 Hezna1n1ddn Itemset §anarntu Ty Frequent
v ¥
Itemset 35M3AINAITINISNBTIBAWTUABUNIINT Frequent Ttemset |AGS]
u’.r, 4§ @ @ d J g
L. TuUABUMIIFONAIUTURUTTEN I Ttemset (Join step) 1T uTuABUAS
Y a ar o~
a5 19UALAAAY lomuima (Candidate Itemsets) W3oIT Ttemset andennazgniaen iy
o o o
Frequent Itemset 1At Candidate 1-Itemset Lmué’fauﬁiyaﬂym C, uag Candidate 2-Itemsets
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wounnudmiusiu g mswdduusnveslemumilousu (1) iiedounnuduiuges 18
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v
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2. TUPBUMIAA Itemset 114 (Prune step) 1Tudunsunisdaaundnly c, Tned
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auwnlu C, ﬁﬁmmﬁﬁaﬂn’hmﬁﬁwquﬁaﬂﬁqﬂaaﬂ weadraihy L,

A13H Frequent ltemset 3n3ziudnuiunoudt 1 uag 2 idos 9 AN
wlhiruwnsom L, 1880 Sangamsm Frequent ltemset 33m13TaoaziSuavosnisn
Frequent Itemset ansauans |adsine1esa 1ii [3]

mmualigiudoya D (Database) T$1MMNTMUFAFY (Transaction) 9 N3
unFu uaAsdagii 2.2 wazmaiayuiooiigaiia iy 2 uazmnnudeiiueniigai

A 70%

M3190 2.1 11ud0YA Database

GALHT Joya
1 P1, P2, P5
2 P2, P4
S\t P2, P3
4 P1, P2, P4
5 P1, P3
6 P2,P3
7 P1,P3
8 P1, P2, P3, P5
9 P1, P2, P3

e 2.1 Fufugiudoyn Database gu%:ﬁﬂ1sﬁ1ﬂ7@gaﬁ'ﬁﬂﬁnﬁy"lﬂ1%’1u
nszUILMsusIniesudumMIhouvessanesty  Taunszuaumsauduana iy
MIAUMINIRATUYDY  Ttemset "ﬁﬁa{jmmsﬂﬁﬁwms%’ﬂgaﬁﬁafjhmmgﬂﬂuﬁ'uﬁ'uﬁ
vosdoyausozswms TumsniFrequent Itemset wansdsgulii 22 szfinldh  udas
ltemset WuszliSasimsifafiuandrefu daszondaeas 1} agiaowd  lums
Aait daofu Lf}ﬂﬁ1ﬂ1§ﬂ‘i’mﬁﬁmﬂ1ilﬁﬂ%‘Iﬂ§1uﬁ’fﬂyﬁ seiansefinsizonlFan Wanua
6 A¥adei (p2) %zﬁmmﬁﬂlunmﬁﬂfﬁu Lﬁaﬁm15m’;ﬂﬂeumsﬁﬂmﬂgm%m AEATL AL
Sonldianua 7 afadom “lummwmmﬁmﬂmumm (P3} iRt 6 A%e Tuvauzi (P4} uaz
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C, LI
[temset Support [temset Support
{P1} 6 {P1} 6
{P2} ) 1 (P2} 7
E—
{P3} 6 {P3} 6
{P4} 2 (P4} 2
{P5} 2 {P5} 2
2
L, L S
Itemset Support Itemset Support Itemset
{P1, P2} 4 {P1, P2} 4 {P1, P2}
{P1, P3} 4 {P1, P3} 4 {P1, P3}
{P1, P5} 2 < {PL,P4} 1 <« | {PL,P4}
(P2, P3} 4 41 (p1,ps) 2 3 | {P1,P5}
{P2, P4} 2 {P2, P3} 4 {P2, P3}
{P2, P5} ) {P2, P4} 2 {P2, P4}
{P2, P5} 2 {P2, P5}
C, ls
{P3, P4} 0 {P3, P4}
Itemset
{P3, P5} 1 {P3, P5}
{P1, P2, P3}
{P4, P5} 0 {P4, P5}
{P1, P2, 15}
|
C
3 L3
Itemset Support . Itemset Support
{P1, P2, P3} 2 — {P1, P2, P3} 2
{P1, P2, P5} 2 {P1, P2, P5} 2

31N 2.2 uERITT M IFrequent Itemset




110311 2.2 HAAININIFrequent Itemsetnng1udoya D Fuduainm ¢, Tasmsua
¥ b4
UM 1- Itemset 910 1udoya D uaziunrwdvewsas Itemset Tugudoyn Tasdunou

o ' @ w  da v
MIMNUANY wazmsadenganuduiusinad 133]

L, = {large 1-sequences};//Result of litemset phse

For (k=2; L, , # J; k++} do

Begin
C, = New candidate generated from L, ,
(see section Appriori candidate generation)
for each customer-sequence c in the database do
Increment the count of all candidates in C,
That are contained in ¢
L, = Candicates in C, with minimum support.
End

Answer = Maximul Sequences in U,L,;

g‘l.'ﬁ 2.3 Algorithm Apriori

Apriori Candidate Generation
Y -, 3o & A . Y

WHINVDI The apriori-generate 3219615 L, Taedunouusniiens Join L, iy
k-1

Insert into C,

Select p.litemset,,...p.litemset, q.litemset, _,

FromL,_ p,L, q

Where p.litemset, = q.litemset,,...

Jitemset, , = q.litemset, ;
P PR | k-2
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2.2 Mining Sequential Patterns

U - c'\ " eé Y ar Y ::; i‘]
m%ﬂanmﬂmuﬂwmmi"lnua Sequential pattern[11] mahwgmmayam U

ar = ' 4 " ar " [ o aAa " £
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HIPgARNININNOUAITEY Henrry Potter UAZABAIY Lord of The Ring unzgaufniio
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L L i 4 v 3 ~ 1 aa 2 1 1 A : A Il!)
(A liadumaz)  Fegaanfuamnsoinndialodus szniumasialoniawdesld
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E
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RUIWeY  FnndavananinnSeunneuasumsGenldnudume  udniues
3 ' 7 o w o 4. v o8 \a a ¥ = ' o «3 -
muNMslFnudmsudumaziuihddulumsGenlFnueiinademsine  sufe
= o 5 :: L) 4 L4 4 o o :::Q 3 ¢§

vwiniiaduiu liaeiesny o T 1Flumsiness Idnainenaa 1diues Faez'ld
nanluTemane'ly

4 o 9 ) a ) 1A ¥ @

Weimuald  gudeyanganssuvesgni laoudazionssuezisznendas sa

9/ .3’ d' a g A w .e!f é = s (r=3 g a g 1

M, nams¥enasswyedumniade  (@lunandsaiueg lulignddedudminat
4 - N\ A v . B .
ni1e519ms) Tash Sequence Ad1AIVBI510MS Ttems Taoiis1vzuaasl¥ itemset i (i, ii,,...
i) 1di0 i Ao item 19 Tnoitdrg {s,s,5.) Taviis fie 1
L 5 item Q] IAUNDIALVDY sequence s s,,8,,5,) 1AUN S; itemset 1A

Sequence <al a, an> wilsznoulde sequence 919 (bi b, bm> Tawi =<gK...<i,
AIBN 2, C by, 2, Cb,a,C b, AW Sequence { (7) (3 8) (9) (4 5 6) (8)) Ysznou
Tléae (3) @ 5) @) fuiiu 3) S (38), 45 C (456) waz /) C (®) vthelsinm (3) (

' E4
5) ) lildeglu (3 5)) sziinl@min Sequence laMiilu Maximal Sequence 1y
sequence ANA199211i0Y sequence DuqBnABTY 151983AG8ININTIY (Transaction) MY
Goulvwosnmiiia Ta T, T,,.....T, Taoinguues item Ty T uansdaw itemset (T) Taei
o a o d‘ 3y o Qs [ gd . » :
mﬂmmgnm‘nh‘umﬁﬂm{luaﬂymxmuﬂﬂ <1ternset(Ti), itemset(T,),...itemset (T.))
A 1
‘]‘Jfgmalu Mining sequential patterns ADMIAUNT Maximal sequence F¥99d0aiian
¥ "

minimum  support Taguanz Maximal sequence Glﬂ“] UULAAS sequential pattern. Taon

¥V

A = o
Sequence 1.?1“] NUAT minimum support Nzt large sequence UULDI
@ o [ = 9/ s a Y [ " ﬁld @ A
wagannTanguveyanigl 24 Teshgmdeyadinain laiinsiasoaniu
SN (customer IDMAZIININITIAANING U (transaction-time) 31 2.5 uamsgudoyaluzil
4 o s " & Z
VDY customer sequence. ofmruald minimum support UAUNINY 25% %992 1@ Maximal
b4 ' ¥ ]
sequence A31ifiD {(30) (90)) uaz {(30) (40 70)) Tavi ((30) (90)) HATUNY ID 1,4 Tawii ID
4 hlﬁflﬂﬁ“?m item(40, 70) 521714 item 30 LAY item 90. AU Sequence pattern <30(40 70)>

v ¥
NN ID2,4 Taeh ID2 40 40 MUA 60 LAZ 70 MUFIRU
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Customer Id  Transaction Time Items Bought

1 June 25’04 30

1 June 30’04 90

2 June 20 04 10, 20

2 June 15 *04 30

2 June 20 ‘04 40, 60, 70
3 " June 25 ‘04 30, 50, 70
4 June 25 ‘04 30

4 June 25 04 40, 70
4 June 25 ‘04 90

) June 12 ‘04 90

1 ¥
i 2.4 pudoyagniaisealassimiaznmussions suiy

Customer Id Customer Sequence
1 - {(30) (90)
< ) Sequence Patterns
- 10 20) (30) (40 60 70
(( ) 30) )> with support > 25%
3 30 50 70)
) (« ) ((30) (90))
40 70) (90
{(30) (40 70) (90)) (@040 10))
i {©0))
ﬂi @ o 9 d‘ [
31N 2.5 M39AGE03 sequence voeg1utoYD 3N 2.6 uarasdimey

AIDU199D4 Sequence ﬁvlﬂflm minimum support fin sequence ((10 20) (30)) ﬁlﬁﬂﬁu
w1y ID2. @I Sequence {(30)), ((40)), {(90)), {(30) (40)), {(30) (70)) uaz {(40) (70))

=2 Yo - v ¥ .
IUUIIUAT minimum support ua T 18Iy Maximal sequence.
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1-Sequences | Support 2-Sequences Support
(1) s (12) 2
@) 2 (13) !
) s (14) 3
() 4 (15) 3
) : (23) :
(24) ’
(34) 3
(3) \

3 (45) ?
3-Sequences Support
(123) 2 'Y
<1 . 4> 5 4-Sequences Suppqrt
ddo : (1234) 2
(135) 2
(234) €

31]1“1-2.7 LerAd Large Sequences

2.3 M5a319 Prediction Model

' =] . @ £ "
NAINIMTT Prediction Model [6] 1uwmﬂquué’hfmu %9 Rule-Representation
o § o w av ' @ 1 Y < =
Methods uilunsesiied iy luaniio Taseznanlddwieluid msuondumennden
L4 ¥ R ' = J
Ia Taold Association rule Tumsusnuszdoyadiag mndenTud

ar

P 4 -l g
Web Logs il User Sessions ‘luﬂmﬂumﬂﬁi’fﬂ’fﬂgmm Web server logs Bae¢1 178U

o
v

o w g A ° 9 o @ 9 ' Y = ¢ 4 9 VoA
luddudus Aemisvhanudhluferdudeyadien #ldnndenlnd  asdeyamariiog
o ) " L. ' & - o < s o
Wi ldlsznoulumsasie Prediction Model 6199 @30 i 2.8 1inazuaasden ldany

4 a 3 o 2
wves  Tavtndudlden Wdiiullszneudiosanosanaien 1sAn0sA F99zuINIZTI0Y

& lo & - 9 e ] & = d a 9 = 9 >
euuﬂf_”lﬂ'].lﬂiﬂJTﬂlﬂTﬁLUUN"D‘NﬁJﬂQFj!i&ﬂi‘D\ﬂu cﬁﬁﬂ?ﬁ!ﬂﬂﬂ“ﬁnnuqcﬁﬂﬂ']qq ﬁ]ﬂ\i&iﬁﬂﬂiﬁﬁ-luuu
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v 2 d ¥ o - ' 3 ¥ = ] v .
%:Qﬂuuﬂﬂtﬂu'lﬂu"lﬂamﬂanu Iﬂﬂllﬁﬁﬁﬂliﬂﬂﬂlﬂfﬂu 'ﬂQﬂ“U‘LI‘I’Iﬂﬁ)mlﬂﬂlﬂuuﬂﬂgﬁﬂﬂ

t 4
o3n Tavzdsznouldrodd iy deil fe

® User’s host name 430 IP address

. & o & = ' 3 2 ¥
®  Time stamp Fa9z1iunnna lumsiGonldauvesdisonlfan

® HTTP method (GET, Post,etc) 35maisonldanudumevesdisonldam

< =
® URL ¥04 Aumangnison 1y

® Status code YDINITADUAUDININ HTTP

o s do 1 4
® Number of byte 11UMHTBVMIAYDS IWldNgnSonlFa vinavesIiddnaiiey

ar v o z = ' 4
ihmwenh dngFonlFmusenFauudvuanilng

in24.inetnebr.com - - [01/Aug/1995:00:00:01 -0400] "GET /shuttle/missions/sts-68/news/sts-68-mce-
05.txt HTTP/1.0" 200 1839

uplherc.upl.com - - [01/Aug/1995:00:00:07 -0400] "GET / HTTP/1.0" 304 0
uplherc.upl.com - - [01/Aug/1995:00:00:08 -0400] "GET /images/ksclogo-medium.gif HTTP/1.0" 304

'
=

JUn 2.8 Joyan

#9710 Log File

y -] 1 o W % 1
wais Idaen Ilauudnlszmsdenniensiinisda (Clean Processing)[5] 1138

{ 1o J ﬁ' l 1 :?v 1 ] T = 4 é 1 4
A hisudueen ) didsdqmariisasu e, Iidialendtl auq Fadaulszneud

Tusudumanii

v
@519 Prediction Model 11171

. T " b v
asvzanen e deyanmaniuiudoyanisuiludmsums

¥ ' & o v Y= 9 . g. g
ﬂuﬂﬂuﬂa'lﬂﬂﬂmiuunmqﬂﬁmﬂmuﬁazgjﬁﬂnhﬁm (User Session) 91131090

d { o 1 [ 1 an o o
Ta ArumsniunsesSoudoouds dadaete  auydndudenlldysznoudin ms

User ID | Session Sequence
Ul AE,.........
U2 BiCiai.
U3 D N

GonlFruSumedangade i
Time User ID | Requested Document
00:00:01 Ul A
00:00:02 U2 B
00:00:03 U2 e
00:00:04 U3 D
00:00:05 Ul E

4 =1 d '
310 2.9 uaasmsSenlFnudumevesymaesudazvig
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2.4 Moving Window Pairs tazmsaaenivla

lumsdumgduuumsisonldanuvesymaes (Access Pattern) 7itilu Association
:f, by o £ s o L4 a o a -

rules 1iu 1379z lAmnnnmsinlszinaranndeyadiuden’vd Taswnsandwunaznm
o a o 1 . . . i o Y %

151 1A MUewA “Moving window pair[7] Tasfisiuvzlszneudivans  Adjacent
r = Y 1 0‘: v . 4 3 = §
window 1uiMIIALIMIISUTUNT Antecedent window H49zAsOUARUILINITIABIDEY

Y = = = as = ) d'! ar
uuwmad  lagGsannednsuiailigiu  TaemsuSoudounaniudeulwndn  uazly

Y o = [ ' & = {
HHIANNADU5UTUND Consequent window FIvzATOUAGUAILIWINIDoNIL UBUIAA
F ¥
TunsGenldaumhaaisaeawuinluylemade leziSon Antecedent window
v
“ [ =] [ 1 o ¥

= W1 11az Consequent window = W2 agaziiin la ndumaludiu wi uszilszneulidqe

=] =4 voa o L
AUWIYDI W2 #e vzin 1891 Humalu wi seiinalumsiiuiodosusy

Wi previous visited pages next visited pages W2
.....OA B C ? ? ?..Illl
current page next page
Time: T ;

\ 4

gﬂ‘ﬁ 2.10 11N Moving window pair

a9 ¥ . 4 - [ SRR o Y a A
1INMIU32na 1% Moving pair window fudieyait ldkumInTunseda dei
Vo A v o I v o & & ° ° 2

g ldsufemsneanuduiusniunganuduiug aduszgmibwrimsluis - Tao
Fd Fd
uveneauIniLIuAIUBNYLNIAYEY Moving pair window 15192150nA1519AINA1]

' A w o 3 d g z @ o '
71 Log Table Tasiiuazuaaungmisaivianuavesdudemiues #ag1 10 uaasiioiiawos
7 4 4 [ LA =
IMAMSEl (A, B, C, A, C, D, G) a5 HuavuIaves Wi =4 uaz W2 = 1 sagal 2.1 el

4 . . . ! 3 ¥ = v @ Vv 1
N131a8U Moving Pair window UifinzaT Ui lagduuumsisenldauasgduas

D G Wi w2
DI | D2 [ D3 | D4 Pl
Py @ A B | C A C
i Ceta e s
PIY VSR N
_ NN VO LD N G

3N 2.11 uerAIN15191Y89 Moving Pair Window
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¥ ¥
YWAves W2 uidusgiuianuannsaveamsiineinziiuils deiedi
3 ] H o aa T 4 3
mnly w2 = 2 unmedanausanazinne ldaoanws luauifedieg1d w2 = 1 e lw

' as 1 3 a a1 3
Nelumsdsunlasuaimisidimesaianiumee

2.5 355 Rule Representation

V@ < U o
wNaMHINsHANNgAWIuuDYes LHS™PRHS  9naiinaonaiwi ldnan’
Yy ' [ A g Al Ya = 9 Y A A = ' 9
9y naaled LHS Aeniumaed ldiimsison 1¥neuntihmsengnitousuruug uag
o P - ' v @ ¢ @ @ 1 '
Tuvaiziu RHS Aamanazgnisonldauael) awnganuduius Awioiiusu (A, B,
P a [~ 4 =]
C} ¥ D neanun ldinsaansonlfiumansemousuIume A, e B, MY C
o ' ¥ =1 =1 o 3 [ ac
aMudey sazae aaezinisGenldiume D Twes ludwIimsuan LHS 15192
vaue 5 35msdeiu [6]
®  5M5uSNISENI the subset rules
& ¥ ;3 =] @ v o d a 4 At o 1M 3o o a
Fangmarihivszmiiounungarwduiusuuu@uFsduisi hildhddoue:
o 4 1a o a ho. SN A o _ad o w dor ¥ 3
aanegaanuanldlszaeunsiinsie AU BT NINITMINGANUAURUSAUYY  Aprioi

method [10] 115 umsilszuianadiumnsisaon Wa 519214 subset rules f39115139 2.2

M1319% 2.2 LAA3AI9619715 1% 35 The Subset Rule representation

Wl w2' | Extracted Rules

| AB.C | D [4A,B,CI>D,{A. B} >D,{B.C} >D,{A C}>D,

| {A}D D, {BI9D.IC}DD

® 757a09 50071 The sub sequence rules.
é o o Q@ _ L) o o/
Feozilumsihdwuvesdoya (Order) Wuninsandis TavezBosnudduns
a = @ P I I ) ¥ &
INAYDIILIND FI15190 2.3 AUAI08130 19955 sub sequence rules 9218 A, B 1ilo A

ﬁ =4 A a 1 1 31 ad ciy Y 2 o @ Qg . P
HUALIWININANDY B ﬂfﬂ'Jnlﬂ’ﬂ’J'ﬁﬂ'I‘iui]zﬂfl’IUﬂﬁQﬂiJﬂﬂﬂﬂi‘ﬁﬂﬂ‘u Sequential mining [4]

A13190 2.3 1aAI0013013 1938 The sub sequence Rule representation

Wl W2 Extracted Rules
A B.C D (A.B.C)2>D.(A.B)>D.(B.C) > D.(A.C) > D.
(A)=> D.(B)=2D.(C)=>D
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® 5N 150071 The latest-subsequence rules.
viimsihdduvostoya(order) nazdoyn wilagiiu (Recency) $mniinsadae

=1 = ¥ 3 Qs ¥y 1
mmamamamaNmm%gmwmw:manms the latest-subsequence rule ﬂz"lﬂmau”amm

[V 1 as =4 v ' e’: a 3
AIADEN WTUNPHU DAY W1 tumaganeziiudeyayailagiiu 1iude C rawe

M1 2.4 HAAIAIDE19N5 1935 The latest subsequence rule representation

W T W3 T Exivacted Rules

A.B.C

o
= oA "

® 5M3sh @ (50091 The sub string rules.

v
Vv )

viimsihdduvesdoya (Order) uazdoyaniianumzetfaiy (Adjacency) 1§
[ ¥
fvsandas  dwhedezimudeyaniongirunisuenuezudniuezdedimsituidadiu
¥ ¥ ]
e Aziiuding A, ¢ =P Dl hirnsedunudaoiidenani maiuiudeyad

liaadu

M3 2.5 109728619015 199111904 the Substring rule representation

Wi W27 Extracted Rules

i
|
H
|

AB.C| D <A B,C>9D,<A B>>D,<B C>>D,<A>> D.<B>>
' D.<C>>D | |

H

| SO S | g i Bwren. 9 - DT S MR O e S

o 4 ¥ oA ' |
® I5M159 11158071 The latest-substring rules.
= o o a Y 9/ e o a . 9
WUMITWIAVYDIVDYA (Order), VDYANUANYULBYAANY (Adjacency) LazUdYQ

o 19917 (recency) i mn#inIsaAIY

M19N 2.6 LAAIAIE19715 1997104 the latest substring rule representation
Wi w2

Ext rzi_étcd Rules

CAB.C | D <AB.C>>D.<B,C>>D,<C>>D

y U
TavTiudazngiiuezeglugiuuy LHS=PRHES Tavazfimstioma Support tag

& o e
confidence factor mummma"lﬂu



count(L.HS RHS)
sup =
count(Tuble)

2 o o o
PFIHUINATNADN n]iﬁuﬂ1iﬂ1u’3m

o w v o
munnamgﬂnnn mzaamnmmﬂnszm

sup(LHS) =

count(LHS)

count( Table)

con
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. sup(LHS,RHS)

sup(L/15)

é r 1 o =
VNANMITNAY FI9nmaTumnn§iuIumsfavensanzld Count (Table)

a o 0 e A a o o s [ 9 v 9/ u".: -
amdagvesmaiismsuuy luisnganuduius - denadeduld1Fomiuie

MINTOINQUNAYIY TAsA1 Minimum Support 1A¥ Minimum Confidence ¥1nnglafim

' dyo' 1 1 =='o ¥ A o " dyd U =; ooy -:; Y J
mabinnmidmuall  Famsnsghumariiseniimswguiaiuiznsildngn 13

s o n‘ " ar o
9035y iR TNy

2.6 maAsENMsVeIteya

Y nl: o e I qy
Usznoudlsvunounanane luil

= NIBVIUMIHUNIGE (Cleaning process)Toyan 111a14311 (Embedded Object) w3 1)

¥
suilunia

- NIzUUMITEYMs IF YR maesuAazAY (User Identification)

- NIZUIMLBAMANIRIVOINAAZYIST (User Session)

o 3 o ’ . .
- ﬂszmums‘szum‘slmmmmwmu (Transaction Identification)

4 ¢
M3 2.7 mynuanadoya vndenlWdiwesines

IP
101

202
202
101
303
303
101
404

Time Stamp
[29:23:53:25]
[29:23:53:26]
[29:23:53:36]
[29:23:53:53]
[29:23:54:15]
[29:23:54:16]
[29:23:54:18]
[29:23:54:19]
[29:23:54:19]

Method
"GET
"GET
"GET
"GET
"GET
"GET
"GET
"GET

"GET

Page
/a.html
/docs/
/b.html
/c.html
/b.html
/c.html
/d.html
/e.html

/w.html

Agent
HTTP/1.0"
HTTP/1.0"

HTTP/1.0"
HTTP/1.0"
HTTP/1.0"
HTTP/1.0"
HTTP/1.0"
HTTP/1.0"

HTTP/1.0"

Code

200
200
200
200
200
200
200
200
200

Size
1497
56431
1325
1014
4889
2624
935
2788
124

63659
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= '
319N 2.7 (Me)

1P Time Stamp Method  Page Agent Code  Size
404 [29:23:54:19] "GET /x.html HTTP/1.0" 200 124
202 [29:23:54:19] "GET  /d.html HTTP/1.0" 200 156
101 [29:23:54:19] "GET /d.html HTTP/1.0" 200 2788
303 [29:23:54:19] "GET  /e.html HTTP/1.0" 302 -

404 [29:23:54:20] "GET  /y.html HTTP/1.0" 200 231
101 [29:23:54:25] "GET  /c.html HTTP/1.0" 200 991
101 [29:23:54:37] "GETl - /m.html HTTP/1.0" 302 :
404 [29:23:54:37] "GET  /z.html HTTP/1.0" 200 4217
505 [29:23:54:40] "GET  /m.html HTTP/1.0" 200 1250
101 [29:23:55:01] "GET  /n.html HTTP/1.0" 200 51661
505 .[29:23:55:21] "GET  /n.html HTTP/1.0" 200 4602

XXX [29:23:55:23] "GET /docs/ HTTP/1.0" 200 56431

4 ° ' o o ° o
nmstuansdoyn delszneudiuiinusanesamen Taomeiinesasinsufinns

= vy = W ' @ 1 3 =y @ o Aa 3/
isonl¥deyalaviinaniludven nmdanau lAmsIainenssues Isitha

2.6.1 szuaumsusnuszdeyai bildl¥ e (Embedded Object) wiohisuihiia

Iﬂtﬂuﬂs:muﬁanmaﬁyi’ﬂqﬂszmﬁﬁxﬁa ymsnsunses woeyaii himnzay
wiodoyaii 1ii1319ss oninaoon Fovzilumsvavaanisaundoans 1 nuves
mizsruiniues TaoUndudaszausanesaihmstufinnsGenling $mangUnm
T 1 185ms Tnadume w3e3aToren fapen’y nnmsideya aonlldiesiies

¥V
s

¥
waanasanesanaae 1

A13197 2.8 M3 13RI O ATHIUNTZUIUNTT Clean Process

U

Yyy [29:23:53:26] "GET /docs/ HTTP/1.0" 200 56431

XXX [29:23:55:23] "GET. /docs/ HTTP/1.0" 200 56431
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Tavdoyaqahoiimae meduiiumslunszuumsdell

M3 2.9 1AAIYOYATIMIUNTZUIUMT Clean Process

Order Request ' Order Request

1 101,[29:23:53:25] /a.html, 10 202,[29:23:54:19],/d.html,
2 202,[29:23:53:36],/b.html, 11 101,[29:23:54:19],/d.html,
3 202,[29:23:53:53] /c.html, 12 303,[29:23:54:19],/e.html,
4 101,[29:23:54:15],/b.html, 13 404,[29:23:54:20],/y.html,
5 303,[29:23:54:16] /c.html, 14 101,[29:23:54:25],/c.html,
6 303,[29:23:54:18],/d.html, 15 101,[29:23:54:37],/m.html,
7 101,[29:23:54:19],/c.html, 16 404,[29:23:54:37],/z.html,
8 404,[29:23:54:19],/w.html, 17 505,[29:23:54:40],/m.html,
9 404,[29:23:54:19] /x.html, 18 101,[29:23:55:01] /n.html,

‘ 19 505.[29:23:55:21]n.html,

2.6.2 NIZUIUMTIZYNSIF UYL MARZAY (User Identification)
¥
anusuilulumsuumssaymsl¥omumesdiSonldouduled  Taodunounie
& - 1 a Y o dd o q ¥ 'y Y A g 1 = a
nszvuMIAmnanil  sxlimadniniinswhdiSonldmsegamesudazauiinginssy
= ) = I 9/ ° o v d’ o danyY y 9
nsisenlFnudumeedielsthe anusuiluvesnszuaumsdnanii g ldnaintedu
¥
udniu dalimsasnmeuimiavosdiGonldunazauiisiaes 1sths uandsfustinls Tav
B 3 = n’; 9= 9 o s ¢ o ] = U & °
lumslFameSe MudBGonlddume ewszidudumefiiariu wodlefingredsezihins
n’: @ e a1 ] 1 =1 =]
wonuwz 180 e Tasnszuaumsiinisiasosgamos hudasving fins1daudume
laneunsendniung
msasaeuamIonzi 1d laomstiinavmie Time Stamp 71&insiudin’ld
=1 o o a o - o = 9 as " qy =1 1 Y
ludenTwduniinsiinaed  Tasnarfituiinlumsonlddndan  sxiinuanaiaiu
: o 1 = n’: 1 ' ! 3 o o " 1 e ; Y
nanlaom Iudreziimsdeszoznagesiemsifonlda dweiasy luauiseilds
y 1 Y - ' o = o
N3A9Y099319901 Gap Time [8] 137 2 92 Tuan5 e 120 Wit S gMADIAUAEINY HIN
= vd o g ' i W oa =~ A a ¥
mason1FIumansn fudumedenviduiu 120 Wi snzieinilumasumsldam
Imivosgmaeiaudingny wenvinnawdadsimsiueriui wdhuiledelunsutiuen
¥ "y
mslFamlnidndae

3 9 [ o
uaasiuaoulumsszymsldnuvewdazymaos



A15190 2.10 yaraawan15y lua I User Identification

Order | UserID | Request

1 101 [29:23:53:25] /a.html,
) 101 [29:23:54:15]./b.html,
3 101 [29:23:54:19],/c.html,
4 101 [29:23:54:19]/d.html,
5 101 [29:23:54:25]./c.html,
6 101 [29:23:54:37],/m.html,
7 101 [29:23:55:01],/n.html,
8 202 [29:23:53:36],/b.html,
9 202 [29:23:53:53],/c.html,
10 202 [29:23:54:19],/d.html,
11 303 [29:23:54:16] /c.html,
12 303 [29:23:54:18],/d.html,
13 303 [29:23:54:19]/e.html,
14 404 [29:23:54:19],/w.html,
15 404 [29:23:54:19]/x.html,
16 404 [29:23:54:20] /y.html,
17 404 [29:23:54:37]/z.html,
18 505 [29:23:54:40],/m.html,
19 505 [29:23:55:21]/n.html,

20

2.63 NITVIUMLNHANIINVOIMADYTYDS (User Session)

o o y - o _a 1
Nﬁﬁﬂﬁﬂlﬂﬂﬂig‘u'}uﬂﬁﬁ‘ilxl‘ﬂuﬂ'li‘ilﬂliﬂiﬁ'lﬁ‘ﬂ’ﬂ

) ¥ =] 3/
msiFenlFnuIumvesd

= 3 1 =1 = 9 o 9 : 3 = 9
uiunimmazmu ummnn‘hmmmaz"lima AIAIWLTNIUDINITANY

A13197 2.11 M 1UAAINAUDY User Session

/b.html,/c.html,/d.html,
/c.html,/d.html,/e.html,

/m.html,/n.html,

/a.html,/b.html,/c.html,/d.html./c.html,/m.html,/n.html,

/w.html,/x.html,/y.html,/z.html,
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2.6.4 DIZTVIMMITZYMSIFNUNUFATY (Transaction Identification)
0 ¥
NSEUIUMITEYMS 1FUMSEnF 1T 1935715 Maximal Forward Reference [1]

@ anlsir A & a Aw - ) ;’] w
ﬂzﬂﬁ!ﬂﬁl"lﬂ a1 Glu!.ﬁﬂﬂﬂiﬂ ni uulﬂuﬂi’ﬂﬂgaﬂ'ﬁlﬁﬂﬂiﬂfﬂxl HUAIU

/a.html,/b.html,/c.html,/d.html,/c.html,/m.html,/n.html,

3N 2.12 irasmuAuvesgaises iolimsilszuanna MF Algorithm

A o . v 3 o A d a
1elin31szuIama Maximal Forward Reference ¢ ldns wiaduiiniy fe
- /a.html,/b.html,/c.html,/d.html,
- /a.html /b.html,/c.html,/m.html,/n.html,
b
annsoeBemsie lddase il
d Wy oy A 4 a ] 9 ) 3 d A gy 4
seiiu lddudumannils msiSenl¥amvesdisondhaudu lod s2i5ududi ahmi
i 4 [ v
TauidumsdananiivzGonldifume mvgatoniemaiianiiqaio d.am
b P =1 ay =y = ER=]
uazluidumail aeq vz Tmsauaannssen1HSume nhm
v A M = @ L) L) as
Taonadwin Idvzdudoyaiing 19 lumsszuanavessanestulnidmivuns

¥ o @ a d
aurgluuudnuue sy loq
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M3190 2,12 MINUAAIHAMITEYM IFums sy

/a.html,/b.html,/c.html,/d.html,
/a.html,/b.html,/c.html,/m.html/n.html,
/b.html,/c.html,/d.html,
/c.html,/d.html,/e.html,

/w.html,/x.html,/y.html,/z.html,

/m.html,/n.html,

2.6.5 ANHZUBI MF algorithm

Qs =1 & o= ar A A IR w 3 ¥ [~ [ 3 - i

ANBUZVDINVMINADDINUNTOIANTUIY MIvipaduves User 1iooasaiinatly

4 [Y) ar 4 - 3 { o [~ T
Back tionau ldamdumeiino@onsmmdniy  unuiiszihmsDanshdumentlng
ar ] ¥ dl =4 4:' ‘:; o
AT 119 user [IBBNBUHITISUINY TReiS LU TANT N {A, B, C, D, E, F} mua1ay ua

' W [ =& o a o v .
 User 1anAtfu Backward ndumndmifuns E S lWifa mamsefisendt Maximal

Forward Reference [1]

AR
1 G \12
s . N
B Y0
2‘_’_.’ "4 13 ‘ 15
AL 14
C v B \'
3 7/ 1 U
4 ’
n - G
g 4 10
P g A
H W

gﬂﬁ 2.13 Li'fluﬁ"mthwm Traversal Pattern

8an035ulun13AUN Maximal Forward Reference (MF) Taoiiuldgag1fl 213 Tag
Usznoudwdumaudu {A, B, C, D, C, B, E, G, H, G, W, A, O, U, O, V} n&einis114

Algorithm MF %:"lﬁ’ﬂrjmf’r'umwm Maximal Forward Reference 941l {ABCD, ABEGH,
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Ed ]
ABEGW, AOU, AOV} ‘1]'Iﬂlﬁiu'ﬂ10%‘1&51&1?11%!5]1414111%80 Large Reference Sequence Tay
' 31 ¥ o a ' 3 Ao - tow ..
ﬂﬁ'l')llﬂ?'] H'lﬂl'ﬁu‘n']ﬁ1ﬂuﬂuﬂ131ﬂﬂﬂﬂﬂﬂiﬁ NUNUIUWDIWSIUNINUAT Minimal Support
oA £ £ . =
A large k-reference NA® Large Reference Sequence ¥91/52nOUAW k element Tasfaz
uﬂmﬁ'ﬂgﬁ’ﬂynfh L, Iﬂﬂﬂizﬂﬂuﬁ?ﬂ Candidate set (C,) Tagnan Large Reference Sequence
o ' é v T ] .
MITDUIWINIANIVOY Maximal Reference Sequences 91111 18 Tagd1s na12'1897 Maximal
Reference Sequences ffo Large Reference Sequence c?aﬁ'lﬁﬂsznaua;ﬂu Maximal
Reference Sequence AIA0H19 anyﬁ‘lﬁ {AB, BE, AD, CG, GH, BG} uﬁmﬂfjlﬁlﬂﬂ Large 2
Reference (L2) uaz {ABE,CGH} ﬁﬂﬂ’cjlﬁlﬁ)d Large 3 Reference(L3) nazez 14A1 Maximal
v
Reference Sequence Adil AD, BG, ABE, CGH
a = L 4 = '
1n0Un@ Log database Wszneudiedsddia Favziliilug fedums (Source) az
. . o 4 kY o’: 3 = P 8
ﬂam‘mq (Destination) Tﬂﬂ‘l"lﬂ.lﬂ User 141110535 UY ﬁ’mﬂ"ﬁ]i]gﬂ'i’l‘ﬂﬂi.l"l]lﬂ'ﬂil'ﬁ]'lﬂ.lﬁu
4 v '
anialiinGudu ie Source W Null Taudeshnisudlag log database 13792 14
q 3 A o
Traversal sequence {(s1, dl), (s2, d2)....... (sn, dn)} HALEIBHIUTUADUVDY Algorithm MF 1
£QnIAUE DF Database

Algorithm Maximal Forward Reference (MF)

Step 1: Set i=1 and string Y to null for initialization, where string Y is used to store the
current forward reference path. Also, set the flag F=1 to indicate a forward traversal
Step 2: Let A=si and B=di
If A is equal to null then
begin
Write out the current string Y (if not null) to the database DF;
Set string Y=B
Go to Step 5
Step 3: If B is equal to some reference (say the J-th reference) in string Y then
/* this is a cross-referencing back to a previous reference */
begin
IfF is equal to 1 then write out string Y to database:
Discard all the references after the j-th one in string Y
E=0

Go to Step 5

gﬂﬁ 2.14 uﬂmﬁ’aﬂa??u Maximum Forward Reference
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End

Step 4: Otherwise, append B to the end of string Y.
/* we are continuing a forward traversal */
If F is equal to 0, set F=1

Step 5: Set i=i+1. If the sequence is not completed scanned then go to Step 2.

31 2.14 (dlo)

AN 2.15 M3 1900 NaaNGLLR 1% Algorithm MF

ini |1 2 314 [ 5 \6\\TY|/I/8 /)9 10 |11 |12 |13 |14

15

si ([mllfA |B |C |D |[C |B |E |G

Q

d |[A [B |[C [D|Cc |B|E |G |H|G |W|A |o |u lo

move string Y output DF

1 AB F

2 ABC .

3 ABCD -

4 ABC ABCD
5 AB =

6 ABE x

7 ABEG <

8 ABEGH »

9 ABEG ABEGH
10 ABEGW s
11 A ABEGW
12 AO -
13 AOU =
14 1 AO AOU
15 AOV AOV (END)
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ar =1 Vo oA n’: o U [
AVLIHUNAUSUAUYDY  Source WuRMUAIHTIUA null w351 lins uis
" a' a n’: =1 = Y
UHAINIIDY user MINGUiA 2.13 viuvslimaBoudoyanalu database Taominglumisegit

H » ¢ v
N 2.14 wimsvey aslu DF hl‘lJ"l‘]"LWIi‘)‘LJ‘I"I 4-th, 9-th, 11-th WAz 15-th

Yooy gy a A
2.7 maaiauliineniswyuiia

@ A

3%msf?miyan3§nﬁmﬁmsﬁﬁ'ﬂgmuﬁ'aﬁemﬁﬁmgma'wi‘;mﬁ%'w’fu'lﬂ [6] Ao
Latest substring index tree (LSIT) "?i‘lﬁ‘lua%mi a$a prediction model ‘ﬁﬁﬂixﬁ NENINLaZl
msldminuiniosiiqa Tausiindnmsadredulsl farelyil
® udnz ng nfSouldds TnuanilsInua
® Tnuaduuuaauilunuausi (parent node) c‘ﬁﬂﬂuﬂﬁ'ﬁhawﬂuiﬂuﬂgﬂ (children
node)
® nvosdulieziilu default rule
dasetedeluilvealsznoudas 6 Tnua Fardranmnmsinneiiinamsina s g
Awiu
dioadne  LSIT  Suvdeoudieziiuldesimsdeundensaas Tnunths
Tnua de3msdanarage il fuﬂaumiw;uﬁa (pruning process) [6]92 191AnMT post-
order traverse 1Y
® 1nlvuagniiA1 Confidence Y{0UNT1 confidence 3] Tﬂuﬁﬁanﬁnﬁﬂzgﬂﬁﬂﬁa
* winlnuagniimsiinneg miloudy Tnuan Tnuﬂﬁ'qna'nﬁﬂzgnﬁ’ﬂﬁ"m%uﬁ'u
9ziims Tols Tua v1a Tnuanmo @ Tnuaisiganaoiu dagilii 2.15
Tnua <C> =P N azgangu mszdian confidence Toun1 Tnuau
Tnua <a> =P M azgnwgu ms g himsstunedumede T mileudu Tnuaus)
Haa91n 2 Tﬁuﬂﬁ'ﬁna'mfgﬂw;u
Tnua <EA> =P R AvzgnlilsTun tozidfenSouifousziiiuinfian Confidence
veni Inuaui ﬁaifu%'qgﬂwquiuﬁﬁmia"lﬂ
wannnidadumsngues 14 LsiT daguii 2.15
ﬂﬁmﬂﬂﬂﬂﬂﬁ]ﬂ <C> 9 ? Gﬁaﬂgiﬂﬂ’liﬂuﬁ'ﬂﬂﬂw\l% C me‘n‘lmiﬂuﬂnm’ﬂuma
WY C muum”lmnngww"!ma 31 M fnfunsinnualiime m
NIUNATOUNIN <A, B, C> P 2 azshimsaun laol¥ine ¢ dievinsaun e

' ] & Lo =) o @ o
v Tz ldiduna B, ¢ FaszwuTnua P daiuse liinnusuiiu lumsumin st

ao 1Judr msvuesaily me p
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Rules Pessimistic Confidence
0P M 50%
<C>"PN 40%
<A> "D M 30%
<BC>"D P 70%
<C,Cc>"PQ 80%
<E,A>"P R 40%
DM,
DM, 0%
NN\
B.C ") P. 70% CC= Q 30%

" ¥ ¥
i 216 uaasdoyauaziimsatiadu liwdomismangu Tnuais

o ' o f &
Taomaly LSIT szawanvialumisuiladu (Classifier) $39nmsulSouiions:
a3 v 4 H
W 1@319UIAY04 Latest-substring rules set HJBR1LN13 LSIT pruning YIAVBINY NN T DY

¥ v
Junaiosas 9I0UT6Y04 Tianyi Li [1] 38 NAWTEMsAnaniingaeg it lusuiluee

ar 1 =

¥ ¥
prdanuihulSinadadaui 4/5 wzgndainsesnlsl

=

o o Y HAn Y y v & g P Y -=iid_| @
manyg‘nmuwaw'lﬂﬂmnmmwuuu ﬂzmu‘lmmm‘uayam UANHUS
g

< sy v D e 1 o o O g a1 o ; Y
A lwan ldunnden IWdiwesiiu MIGUIRIAVYINUINIIE AT yu1n Mz ld

o o

[ a a ') s o ar =
MANMI 8an03 SNULVUAUMIANUFURUT Association  Rule  JAUHARNIZI108anes Ty

o

asnantz liwadnsifanisaduisuveadume minvznissanesrunuuiassasisy

Yo a

i &4 ad [ " - o o W 1 a 1 : = Vv o o
Sequential Pattern FIIFMIAINATIUMUIRNIZAAUNDUUASHAUNIUY n"lé’ﬂﬁmmmﬂty
LY =1 9 o a & ar & - 9 ar adf o " ; 3 v da
ﬂ‘Uﬂ15150ﬂ1ﬁﬂ’3mﬂ%7’|ﬂ6mﬂ&ﬂu “lfdﬂa’ﬂﬂﬂﬂil'l‘i]'lﬂﬂﬁ1‘if'€lﬁﬂﬂ§ﬁilﬂ~1ﬂﬁ1ilu‘ﬂ$1ﬂNﬁﬁ‘ﬂ'ﬁﬂ

= =1
IM3nsz Ianveaduime

¥ ¥
@ ar o 9

AniuluanoiiwusiiseldiaismslumsUsmljalszansamnsfumsuoy

ar =1 ¥

o o o e é

dvuveaduled Tasfimsudilyminsdumgiuuy Taoldndnmsdumidisy 3alums

¥ 3 ey o o 1 To ar

aunmiuez s msdungiludnuay Adaptive windows fimisodumnguunlidiia
d'l:! @ i

¥
@ o o o w a  ar Y o ar
e misiimnididuvesdeya Aildnvuzeganiu wieududoyadumeagiu hun

9
¥

Wnsandae denaling #ldiuidszanamludesnnuduius1difuesed Tuun

¥
" " a o = a - |
ﬂ9‘hJiazﬂm’;ﬁwmnwmmmuwumuuu




UNN 3

[ a R T o v Y o (=1 d
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lumsafhangaauduiusvesdaneiiy Apriori Wurziszneudumndeya 2 e
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fi® Candidate Itemset (C) ung Frequent Itemset (F) H30 Large Itemset (L)ﬂfllW’lﬁﬁ’ﬂl&
I. Candidate Itemset Aonguioyaiududond msunsad1a Frequent Itemset
unudodydnual Ck
- - L =4q 9 o @ ¥
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Support Factor 1182 Confidence Factor Tﬂﬂ‘?;
1. Support Factor &uu:ﬁwﬂa’hm“lumzmumsm Large Itemset (Lk) #3611 Lk vy
ax;ﬁm"j’uminﬂﬂ'nu?;mm Ck 1M 14A1 Minimum Support e
2. Confidence Factor ﬁy"unzﬁ1m1%'1Jszlﬂasﬁ'luﬂ5:mummﬁwaungw‘%’s Pruning
Process  TagiingiiAunszuaunsaeg vassanessusziisnann ﬁ'ufumsaﬂnauﬂ;]
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ansanszinld laemsadadu'ld uaz14 Confidence Factor Tumsdanaungi lusuifudns
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3.1.1. danei @ mIuAUMngA TS
sanestulmidmsunsdumgiuiduvesduled  #18lunmsdumiguy

v w auhe o 4 " = {
ANUFURUTYBII VWD VoI TT0i] LAR3AI31N 3.1 1AZMT Join Operation Tug1li 3.2

Begin main:
L1 = {large 1-sequences};
For {k=2;L _, # @; k++} do
Begin
C, New candidate generated from L, (See a new candidate generation)
for each web-page sequence ¢ in the web transaction table do
Increment the count of all candidates in C, that are contained in c.
L, = Candidates in C, with minimum support.

End

gﬂﬁ 3.1 A New Algorithm for Web Sequential Pattern Discovery
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The Candidate generate function take as argument L,.,, the set of all large (k-1)-

sequences. The function work as follows. First. Join L, | with L.
¢ Otherwise
a,a,ay..a,, ®bb,b,..b,_ =1 a a,a,..a,

a,=b,,a, =b;,..,a,, =b,,

gﬂﬁ 3.2 A new Candidate Generations

o [ = T [ ) J:‘ o
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= aa & as & P
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NIMFNFUN 2 TMsEenlSume gl m.html,n.html,0.html,p.html,q.html,
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319N 3.1 uarmsdeyansmudaruvomsionlditume

dey SWMINTIUTAY

1 a.html,b.html,c.html,y.html,z. html,

2. m.html,n.html,0.html,p.html,q.html,
3. m.html,n.html,0.html,p.html,

4, x1 .html,c.html,d.html,o.html,p.html,
5. xL.html,c.html,d.html,e.html,

6. x.html,y.html,z.html,

7. x4.html,x5.html,d.html,e.html,y.html,
8. x4.html x5 .html,d.html,e.html,y.html,
9. m.html,n.html,o.html,p.html,q.html,
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{ L o’/‘ Qr =) é Qs 4 o d
nnl Idnan deuduudniu wiidudsmsifimesniga Al lumssmualia

afuemyuiiesiiqa (Minimum Support) JAWIRL 0.12 lasNMINM3AAY4 Pattern 1a9 1

1 a g "o oaw J d’ 4 { ar -g‘ o
AINITINAUBENIINIAINATIU ‘ﬂ&’ﬁﬂ’ﬂ Pattern ﬂ’)iﬁilzfﬂﬂ‘n&ﬂﬂﬂ'lﬂ Iﬂﬂﬂ']ﬁ‘l"nﬂuﬂmﬂ

ar af ¥ v @ o a Yo 1 dy
sanestulumsfumgluuunganuduiug awsaosine I8dede 14

ke ] = ' ' o v o N
L. ‘Uuﬂauﬁ (1) ﬁjuﬂ"ﬁﬂq Candidate CO “]Nf"lﬁﬂﬂ'ﬁﬁuﬁTﬂllﬂﬁgﬂﬂlWQUULﬂﬂﬂul‘ﬂu

E "’
Moo lus WiouammmniuaLuYaIAas Temset HAAIRIAMIINT 3.2

o = 2 ' ' a
2. Tuapuil () 1uMIN Large Itemset (L) Fananlgmndnves X,

' 14 ¥
niuayuiooiiga (Minimum Support) &211109 arRadsnII 197 3.3

i v K4
M3 3.2 LAAIIIUIUATINAYOINSAATUYD Pattern A199)

Sunwd Pattern SwanAud | Pattern
1 a.html, 4 p-html,
1 b.h;ml, 2 q.html,
3 c.html, 1 x.html,
4 d.html, 2 x1.html,
3 e.html, 2 x4.html,
3 m.html, 2 x5.html,
3 n.html, 4 y.html,
4 o.html, 2 z.html,

= 1 ¥
NHIUA



d. d. ' '
ATNN 3.3 LAAY Pattern NWIUAT Minimum Support

Support Pattern Support Pattern
0.333 c.html, 0.444 p-html,
0.444 d.html, 0.222 q.html,
0.333 e.html, 0.222 x1.html,
0.333 m.html, 0.222 x4.html,
0.333 n.html, 0.222 x5.html,
0.444 o.html, 0.444 y.html,

0.222 z.html,

30

ar =1 ' ~ o J & =t a g = : =t ' c::
ANATLIH U Pattern ﬂﬂ&’{!ﬂﬂﬂﬂﬂ'lﬂ PIVSUNITNAVUUDY Pattern IWSIATAADWNIUU

f19 a.html, b.html, x.htm]

4 o 4 U X > W
3. Yuaeui (3) Wumam Candidate C, Fufamsh L, wadinimes uaaad

;i
M1 NN 3.4

M3 3.4 UAAINISA319 Candidate (C1) 910 L,

Lo’ i
c.html, c.html,d.html
d.html, ¢.html,e.html
e.html, d.html,c.html

d.html,e.html
e.html,c.html
e.html,d.html

i
lumswinn Candidate (k = 2.n) WuSano33U=iiN15MIA1 Candidate Generations 19892

Uszmananugiin 3.2
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o & 4wy s a0

4. Yumouil (@) Humsm Large Sequence L,: Fanan ldhaundnves ¢, ks
v ¥ ¥ ¥ td

miumyuiiosiiga  (Minimum  Support) udwes  Bavialutuaeniing

AUIUNIA Confidence DnA1w Tavaz ldaamsan 3.5

M135199 3.5 1AAIYDYYAVD Large Sequence: L,

ALY Support Confidence Pattern
1 0.22222 0.66667 c.html,d.html,
2 0.33333 0.75 d.html,e.html,
3 0.22222 0.66667 e.html,y.html,
- 0.33333 1 m.html,n.html,
5 0.33333 1 n.html,0.html,
6 0.44444 ' 1 o.html,p.html,
7 0.22222 0.5 p-html,q.html, |
0.22222 1 xL.html,c.html,
9 0.22222 1 x4.html,x5.html,
10 0.22222 1 x5.html,d.html,
11 0.22222 0.5 y.html,z.html,

o - £ Y A ) . ® £
5. YUABUN (5) FI9LADIUNIATN Candidate: C, 910 Large Sequence L, L, ¥3
SUAAINAANENIINIZVIUMT Join Operation HIAIINA 3.6 1AUNTLUIUMS
o o e a’: 3 o
Mauvesanesdutiug Idangili 3.2
3 ,
o o A : A W '
Tumsadaa ¢, s 181/ iswms Join Operation Tmigedsey ldnsmmdrinlu
¥ [l ¥
ANYUZUDY Sequence Pattern WHIZIAANINTZ IAANUYDY Item TUAANINMI Join AU
{ o 4 ° o' w o o g
Sequence 7114929198 WY (Order information) oy hwmlszgnaldiuiumezyin iy
y , b
waRanmsnsz Taaldiruiu sniussdwwaldnnuuiudianaslyl wiemsiunodaionld

é’l”JU ﬁ'&ﬁ’ménﬁnﬂu: A new Candidate Generation

DE®ED = DE=D
DE®EY = DEDY
ED®DE = EDDE
DE®EzZ - DEDZ
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M99 3.6 4AAINS Join Operation L, ®L, = C,

Join Operation (L, ® L) Pattern (C,)
chtmldhtml, & dhtmle.html, ¢.html,d.html,e.html,
dhtmlehtml, & ehtmly.html, d.html,e.html,y.html,
ehtmly.html, & y.html,zhtml, e.html,y.html,z html,
m.html,n.html, ® n.html,o.i\tml, m.html,n.html,0.html,
n.html,0.html, ® o.html,p.html, n.html,o.html,p.html,
ohtmlp.html, & p.html,q.html, o.html,p.html,q.html,
x1.htmlc.html, @& c.html,d.html, x1.html,c.html,d.html,
x4.html,x5.html, @ x5.html,d.html, x4.html,x5.html,d.html,
x5.html,dhtml, & dhemle.html, x5.html,d.html,e.html,

& ot % P a0/ d A :
naanniu szihmseladnsnugsnsuden s Taomsmuyuaues Windows = 2
v v ¥
Tao Pattern 11d1nmsa ladsiu sz lnSomieudy Patern N ld9nNsMinszuIums
. . & ' 4 ' : 1 s o n’: 4 o
Join Operation #3111A 71 Pattern #1 1dv 3 e Tasiu lumilounulu ¢, §a1iu Pattern Netlad
> ' of v & TAENA BN o ] o
iy limsunnmaiues  FInszuiumsaInaieissaamsmauvesszuyly
[ v o ¥ ° ' ¥ % 2 4 '
mstszurona lditlueded mindumng ldninmswamsmauaoun sziu 1 a1k an
-: c’: = ar =S o o J n‘: 7] ~ L3
YU HUKHIEDLoaNeI suL L 1RSI e ATIeN 3.6 uaRINAMIH laAuDen

snusnduaon va

a ) Sy ¥ ¢
M31N 3.7 uaasteyan lAninmisalaan Windows =3

ey | Soundiiie Pattern
1 1 a.html,b.html,c.html,
2 1 . b.html,c.html,y.html,
3 1 ¢.html,y.html,z.html,
4 3 m.html,n.html,0.html,
5 3 n.html,o.html,p.html,
6 2 o.html,p.html,q.html,
7 2 x1.html,c.html,d.html,
8 1 c.html,d.html,0.html,
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M3147 3.7 (AD)

Sy | Swouadeiiaa Pattern
9 1 d.html,0.html,p.html,
10 | c.html,d.html,e.html,
11 1 x.html,y.html,z.html,
12 2 x4.html,x5.html,d.html,
13 2 x5.html,d.html,e.html,
14 2 d.html,e.html,y.html,

& - 4 ' - S
6. VYUADUN (6) Wumsm Large Sequence L.,: Fananldnmnsnves C, AU
¥

" ¥ ¥ ¥
mivayuiiosiiga  (Minimum Support) udniues snvialuduneuilfsiins

AUIUNIAT Confidence BNA0 Tavaz 183015199 3.7

M3197 3.8 LAAIYBYAVD Large Sequence (L,

Rl Support Confidence Pattern
1 0.22222 0.66667 d.html,e.html,y.html,
2 0.33333 1 m.html,n.html,o.html,
3 0.33333 1 n.html,0.html,p.html,
4 vgnl | 0.5 o.htmlp.html,q html
5 0.22222 1 x1.html,c.html,d.html,
6 0.22222 1 x4.html,x5.html,d.html,
7 0.22222 1 x5.html,d.html,e.html,

M13197 3.9 LLAAINTS Join Operation L, & L, = C,

Join Operation (L, ® L, Pattern (C,)
m.html,n.html,0.html, ® n.html,o.html,p.html, m.html,n.html,0.html,p.html,
n.html,0.html,p.html, ® o.html,p.html,q.html, n.html,0.html,p.html,q.html,
x4.html,x5.html,d.html, & x5 htmld.html.e.html, x4 html x5 html,d html.e_html,
x5.html,d html.e.html, @ d.html.e.html,y.html, x5.html,d html,e html,y.html,
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wimiu szinsaladnsudnsuden g Tasmsisuuiaves Windows = 4
Tau Pattern 718nmsaladiiy szt lnSeufioudy Patem 140 nmsminszuaums
Join Operation #9171 Pattern #1dnnmsaladiiulimilouduly c3 §ufu Pattem 7
aladumiuae Wifinsthufionatues

A9915199 3.6 uamanansd lasveansnudsnsuaon 1nd

M319N 3.10 uerasdoyan 18vnnsaladi Windows = 4

1wy | $ounieiina Pattern

1 1 a.html,b.html,c.html,y.html,

2 1 b.html,c.html,y.html,z.html,

3 3 b m.html,n.html,0.html,p.html,
4 2 n.html,0.html,p.html,q.html,

5 1 x1.html,c.html,d.html,o0.html,
6 1 c.html,d.html,o.html,p.html,

7 1 x1.html,c.html,d.html,e.html,
8 2 x4.html,x5.html,d.html,e.html,
9 2 x5.html,d.html,e.html,y.html,

M990 3.11 UaAItoyAVDS Large Sequence (L,)

RG] Support Confidence Pattern
1 0.33333 1 m.html,n.html,0.html,p.html,
2 0.22222 0.66667 n.html,0.html,p.html,q.html,
3 0.22222 1 x4.html,x5.html,d.html,e.html,
4 0.22222 1 x5.html,d.html,e.html,y.html,

¥
as

- ] = . -

7. YUADUT (7) Fa9zADATMIT319 Candidate: C, 910 Large Sequence L, & L, 9
o ar ] '

LUAAINAANTNITNTZUIUMT Join Operation 1AUILFUNAITUI VUIAAINE

v @ oAy Y : - A J o‘: o a
mmmmanwuﬁm'lﬂuuazmmﬂ‘nunu1n~uu HUIDIAIMIT N 3.11
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Join Operation (L, ® L,

Pattern (C,)

®

®

m.html,n.html,0.html,p.html,

n.html,o.html,p.html,q.html,

x4.html,x5.html,d.html,e.html,

x5.html,d.html,e.html,y.html,

m.html,n.html,0.html,p.html,q.html,

x4.html,x5.html,d.html,e.html,y.html,

o ) 0 ¢ 4 & 4 ¢ A .
HaanINuu wimsa laansugnyuaen g TaonsivuyHIAv09 Windows = 4

I v v
Tag Pattern N 1A0 M5 e laatiu a2 IS suioudy Pattern 71 18910015052 UMM,

. . & ' Y ¥ o g ] - [ a u‘l‘ - hl o
Join Operation 44M1N71 Pattern N 1avnms e Tagsiu limideusulu ¢, dniu Pattem Nar'lad

¥ v I
Wiy lulimsTunnnaiums #3a15199 3.13

a 3 - fa
M15199 3.13 uarasdeyain ldninmsa laah Windows = 5

$y | Souniifida Pattern
1 1 a.html,b.html,c.html,y.html,z.html,
2 2 m.html,n.html,0.html,p.html,q.html,
3 1 x1.html,c.html,d.html,0.html,p.html,
4 2 x4.html,x5.html,d.html,e.html,y.html,

M990 3.14 uanadoyavna Large Sequence (L,)

ALY Support Confidence Pattern
1 0.22222 0.66667 m.html,n.html,0.html,p.html,q.html,
2 0.22222 1 x4.html,x5.html,d.html,e.html,y.html,

eli S ' ° > i y et ¥
WEIHUIN Large Sequence (L,) 1u 1ie1150%1n15 Join Operation tija lufinmsasi

g 4 & o o a ' o o
Candidate 14 @aaziilumsdugamsiianuvesdanessylnilunmsdumsiuuudduves

=] o - 1 ° i ' L o 9 T
A lea dues luduasuds luszidumaiingfikiua Minimum Support Tuardradu sl e

. ¥ Ed v
Janlszasalunmsaaneungi liduiludomsiafuisoonll  szmiengianuaieziili

asaauly



a1 3.15 uaaang ozl luns adredu 'l

Rl Confidence Pattern

1 0.667 c.html,d.html,

2 0.750 d.html,e.html,

3 0.667 e.html,y.html,

4 1.000 m.html,n.html,

5 1.000 n.html,o.html,

6 1.000 o.html,p.html,

7 0.500 p-html,q.html,

8 1.000 xL.html,c.html,

9 1.000 x4.html x5.html,

10 1.000 x5.html,d.html,

11 0.500 y.html,z.html,

12 0.667 d.html,e.html,y.html,

13 1.000 m.html,n.html,0.html,

14 1.000 n.html,0.html,p.html,

15 0.500 o.html,p.html,q.html,

16 1.000 x1.html,c.html,d.html,

17 1.000 x4.html,x5.html,d.html,

18 1.000 x5.html,d.html,e.html,

19 1.000 m.html,n.html,o.html,p.html,
20 0.667 n.html,0.html,p.html,q.html,
21 1.000 x4.html,x5.html,d.html,e.html,
22 1.000 x5.html,d.html,e.html,y.html,
23 0.667 m.html,n.html,0.html,p.html,q.html,
24 1.000 x4.html,x5.html,d.html,e.html,y.html,
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3.2 MIAANYANNAUWUTN

= o 4 o 4 o i a =
mifinnuiuilufiszdeufungiitilsz Toni 13 Taoimwizedeta wwinrsanng
v o daa ] 4 o’: 3 o 3 v v @ & M o
anuduiusRlaNuIFetiade duiusuhngiumaauduldnganuduius Wioda
as @ W ar @ o (ny
szﬂmmﬂgmmﬂuwuf (Hierarchy association rule) ngiﬂﬂﬂgﬂ’a‘lnﬁnwuﬁﬂﬁ (Prune) Tag
1 o e = > Y 3 qy & S :d '
141 Limit confidence ﬁ'flumﬂm%zu.ﬂunguu"lﬁ’w?aﬂﬂﬂ;]uum_mam Limit confidence U1
FENIN 0-1
1 dy ' =2 an a @ W rfqy a e 1::. " T
Tudiiiznanfadinmsdanganuduiusnavesnuidedl Tasuseomitlu 2

¥

s ad v w d ac Y @ o Jc:?
Tunoude FEmsadedulingaiuduiug uaziEmadanganuduiuing

3.2.1 adiulinganuduiug
g J o [ el v v 2 o a 3 £
Tudunoude lUis1eziinga19q AkuA1 Minimum Support Mad1aifudnysizdu 'l
dll " c; 1 = ar 9 a 1 c:y
(Tree) NOMINIULI TABIZNAIDIMANNITHI19A0 117]
1 s A
uAng ng 5oy ldas TnuanilaTnua
® I 2 ﬂ ' £ @ ﬂ I )
nuamuuaauiluInuAul  (parent node) Falvuadiaresziilulnuagn (children
node)
| v aw d
® Tnua (Node) 1 Tnuafianganuduius 1 ng

£ ’ a o S = '
® 3Nv09 tree 931iU default rule 49 default rule Tasdn@vzidudumeniimsanudlums
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M5 3.16 NYTNIUMINGL 15D conf= 0.25

Confidence Rule
0.66667 c.html,d.html,
0.75 d.html,e.html,
0.66667 e.html,y.html,

1 m.html,n.html,

1 n.html,0.html,

1 o.html,p.html,
0.5 p.html,q.html,

1 x1.html,c.html,
1 x4.html,x5 .html,
1 x5.html,d.html,
0.5 y.html,z.html,

M3 3.7 QAR WY 138 conf = 0.55

Confidence Rule
0.66667 c.html,d.html,
0.75 d.html,e.html,
0.66667 e.htmly.html,

1 m.html,n.html,

1 n.html,0.html,

1 o.html,p.html,

1 x1.html,c.htm],

1 x4.html,x5.html,

1 x5.html,d.html,
0.667 n.html,o.html,p.html,q.html,

42
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(P: user’s current clicking sequence; n: minimal path length)
Begin
For i:=|P| down n do
If P is an index in hash table Hi Then
Prediction:=Hi[P];
Return (Prediction);
Eng If
P : = the same sequence with the first element removed:;
End For
Return (“No Prediction”);
End

30 3.6 uamadanastulumsinnedumwe [7]
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Y.HTML "2 W.HTML conf= 0.7
Default Root = O.HTML
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g ¢ o
(3ANB3AN 1 A.HTML, B.HTML "9 C.HTML
Pattern Prediction = C.HTML
vnnsnfSouiisununginguuds s 18 malumsineiie c.arme

Lﬁmﬂ?jﬂmﬁﬂn Pattern Prediction = Prune Prediction = C.HTML

¥
Y

= o o o
muuwﬂumﬁmmﬂwgﬂm;

3ARB3AT 2 0. HTML,P.HTML.Q.HTML, " R HTML
Pattern Prediction = R.HTML
Step 1: f3ynifivy O HTML,PHTML,QHTML 1 m31angiinguuds “No”
Step 2: (JvuIfioy P.HTML,Q.HTML, A msnngﬁw;fuuﬁ”; “NO”
Step 3: 1S Buiiioy QHTML, Aumsangiinguuds “ves”
QHTML™® R.HTML conf= 0.4
Q.HTML™® S.HTML conf = 0.3
Fasuuszdoudonosislaodraniia TasnisufSeisunt Confidence Aaaz
wiuhsuudeudon QHTML™ RHTML
Lfiﬂt‘lﬁ' UGy Pattern Prediction = Prune Prediction = R. HTML
ﬁ’m;fu?]’ufluﬂ1sﬁ1u1ﬂﬁgnﬁ'm
Ganeiafl 3 X HTML,Y.HTML " Z HTML,
Pattern Prediction = Z.HTML
Step 1: f3gusiivy X.HTML,Y.HIML fUm31angfinguud “No”
Step 2: f3vuifiuy Y.HTML fumsnngiinguuds “ves»
Y.HTML "2 Z.HTML conf=0.5
Y.HTML " W.HTML conf = 0.7
Feduiluvzdeadenodrelantimiis TnensifSeudious Confidence 992
muhdutiudeudion Y.HTML = W.HTML
Lﬁmﬂ?ﬂmﬁﬂv Pattern Prediction = Prune Prediction = Z.HTML
sufusadumstuneianaa
SANDTAT 4 M.HTML, N.HTML,"® O.HTML,
Pattern Prediction = O.HTML
Step 1: W3giiioy MHTML, N.HTML, fusmsnngiinguuda “No»
Step 2: if3vuiiioy N.HTML, fums1angiinguuds “No”
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v
AU 17A Prune Prediction = Default Roof = O.HTML

nﬁmﬂ?umﬁﬂv Pattern Prediction = Prune Prediction = O.HTML
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11/5uns1 MATLAB 6.5, Edit Plus Tumsmisudayaneumsnanes
4.1 yadeyaililumnaaes

¥ "
ludwilwzndnigadeyanldlunimanes Taouisesn 2 dauie ANYULVDIYA

YoyainlFluadangmse Training Data Source uazdoyalunisnaaoy Testing Data Source

4.1.1 yaveya denlvla

Input Pattern

U Pattern

100 1_A.html,1_B.html,1 C.html,1 D.html,

100 2 Ahtml,2_B.htm],2 C.html,2_D.html,

100 3_Ahtml,3 B.html,3 C.html,3 D.html,

400 4_A.html4 B.html,4 C.html,4 D.html,4 E.html,
200 5_Ahtml,5 B.html,5 C.html,5 D.html,5 E.html,
200 6_A.html,6_B.html,6_C.html,6 D.html,6 E.html,
200 7_Ahtml,7_B.html,7_C.html,7 D.html,7 E.html,
200 8_A.html,8 B.html,8 C.html,8 D.html,8 E.html,
200 9_A.html,9_B.html,9 C.html,9 D.html,9 E.html,

L 200 10_A.html,10_B.html,10_C.html,

3N 4.1 uarmsdoyadan nput Pattern
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8k.html, 11 p.html,8_a.html,8gb.html,8_(:.html,S%d.html,S#e.html,
20s.html, 160.html,15b.html,1_a.html,1 b.html, 1 c.html,1_d.html,
20d.html,13v.html,16q.html,6j.html,10 _a.html, 10_b.html,10 c.html,
12w.html,9v.html,8_a.htm[,8_b.html,8_c.html,8_d.htm1,8_e.html,
3i.html,6z.html,9_a.html,9;b.hlml,9_c.html,9_d.html,9_e.html,
4i.html, 10s.html, 1 9x.html,Zia.html,27b.html,2_c.html,2_d.html,
8y.html, 1 6x.html,4_a.html,4 b.html4 c.html,4 d.html,4 e.html,
8i.html,6r.html, 14m.html,3_ahtml,3_b.html,3 c.html,3 d.html,
4p.html,7b.html, 15 j.html,?__a.html,2_b.html,27c.html,Z_d.html,

1 6l.html,Sa.html,éka.html,6_b.htm1,6_c.html,6_d.html,6_e.html,
120.html17a.htm],10j.html,3u.html, 1 g.html, 13e.html,9d.html,

1 ld.html,16u.html,7ga.html,77b.htm],7Lc.hn'nl,7_d.htrnl,7_e.htrnl,
8e.html, 14n.html, 13g.html, 15y.html,10_a.html,10_b.html, 10_c.html,
9v.html,15d.html,9_ahtml,9_b.html,9 c.html,9 d.html9 e.html,
13z.html,20a.html,17fhtml,1_a.html,1_b.html, 1_c.html,1_d.html,
14a.html,11 fhtml,6_a.html,6 b.html,6_c.html,6 d.html,6 e.html,
18c.html,12x.html,2a.htm],8u.html, 10_a.html,10_b.html,10 c.html,
160.html,4w.html,5_a.html,Sﬁb.html,S_c.hth,S_d.htrnl,S_e.html,
14u.html,8a.html,7_a.html,7_b.html,7_c.html,7gd.htm1,7_e.htm1,
6j.html17r.html,2a.html, 11k.htm],9h.html, 1 0z.html,3s.html,
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4 a @ 1 a 4
M3 4.1 uanamsuiinwanisnaaes lumsdsuamnimes Support Factor

Support| ngiiviudin| ngieu il Taisi AN AN
fanua | M3 Prune Pattern Pattern | 14U (1) | usiug (2)
gn | Wa | gn | Aa
0.01 73 35 955 | - - | 45 96% 100%
0.05 67 32 904 | - - | 9% 90% 100%
0.09 62 26 807 | - - 193 80% 100%
0.1 13 6 287 | - - | 713 28% 100%
0.2 9 4 196 | - - | 804 20% 100%
WA IIUMIAMANNLLU
ANuUNU (1) aunsadan 1ddidedis
¥ A o ¥
nsfiAATAT Support = 0.01 4 uﬂganmyigﬂ”mm
VOYANTIUFAFUNINIA
%56=96%

[] ] ¥ [
AN 2) dnsadnoe ldnnlu nsdiidinnomweAtingminiu dav Patem i
(=1 [~ 1 o o 1o ar 1 a o " [
Lifilungdive lishuvinneuaz i Pattem fandimRasuaummaniué
¥ Ao ¥
YoyaNmuegndes
Joyansmudinduianun — foyavinnia
196
1000 —804

NIfUAATNA Support = 0.2

=100%

80 -

60

Support
B ngvitudinfouna
O ngilkiwuns Prune |

40 |

20

o |

1 2 3 4 5

‘B Support 0.01 005 009 04 02

Bngdudndnae || 73 | &7 e | 13 9
O ngiunas Prune 35 ! 32 7 26 i 6

3N 4.3 uaaInsUTuA support MinadolSinangiidumny
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ngiwy mnedangasnarudienSsufvuiua Minimum Support udngaanand

£ 4
A1 Support Y111 A1 Minimum Support 11104

ad é \
lunszuIunIs Prune Aenszuiumsaaneung Tav3sn1sadie Tree @381 Root

Confidence =0

20%
0% L EEEE

mprecision ~ 96% | 90%. 80%  28%
‘msuppot . 001 005 0.09 0.1 N 02

120%
100% ¢
80%
recision
60% L p
: | support
40% T

37 4.4 naasamuiuduilelimsaSus Support luvaiziisn Confidence naf

4.1.2 4A4PYaa1n U.S Environmental Protection Agency (WWW.EPA.GOV)

immsguite1¥1un13maans 142 pattems uiausndoyn i aosyn d91 Training

70 pattern LD Testing 72

U.S Environmental Protection Agency (WWW.EPA.GOV)

141.243.1.172,[29:23:53:25],"GET /Software.htm], HTTP/1.0",200,1497
query2.1ycos.cs.cmu.edu,[29:23:53:36],"GET,/Consumer.html,HTTP/l.0",200,1325
tanuki.twics.com,[29:23:53 :53],"GET,/News.html,HTTP/1.0",200,1014
wpbfl2-45.gate.net,[29:23:54:15],"GET,/,HTTP/1.0",200,4889
wpbfl2-45.gate.net,[29:23:54:1 6],"GET,/icons/circleilogo_small.gif,HTTP/ 1.0",200,2624
wpbfl2-45.gate.net,[29:23:54:1 8],"GET,/logos/small jopher. gif HTTP/1.0",200,935
140.112.68.165,[29:23:54:19],"GET /logos/us-flag.gif HTTP/1.0",200,2788
wpbfl2-45.gate.net,[29:23:54: 19],"GET,/logos/small ftp.gif, HTTP/1.0",200,124
wpbfl2-45. gate.net,[29:23:54:19],"GET /icons/book. gift HTTP/1.0",200,156

g‘l.lﬁ 4.5 uﬂmﬁmdnmm%ya 910 U.S Environmental Protection Agency




50

4 o ' ¥ a
Yoyauiiodr TUHIMATZUIUAS Pre-processing udrziiudeyaduynlums

Uszuanadanes iy

/software.html,/docs/airsexec/overview.html,/docs/rref/metaepa.txt.html,
/owow/publist/publist].html,/owow/publist/pubcon.html,
/docs/oppts_harmonized/metadata.html,/docs/oppts_harmonized/abguide.txt.html,
/docs/gcdoar/pa.rticip.html,/docs/gcdoar/greenlights.html,

/docs/whatshot.html,/docs/freesfw/description.html,
/enviro/html/cerclis/cerclis_overview.html,/enviro/html/cerc]is/cercliskquery.html,/ru!es.htm],

lowow/sec9/ index.html,/owow/publist/pubcon.html,/owow/publist/publist 1.html,

/docs/whatsnew.html,/docs/ whatshot.html,

/owow/publist/publist] -html /owow/publist/pubcon.html,

/oﬁices.hmﬂ,/docs/we]come/epa.html,

/docs/whatshot.html,/docs/ﬁ-eesfw/description.html,

_ /docs/majpr.hlml,/enviro/html/ef_home.html,

/ docs/whatsnew.htrnl,/rules.html,/docs/epa—air/ 1995/august/day-29/pr-959.html,
/epahome/progs—init.html,/docs/negp/intro.txt.html,ldocs/negp/metadata, asc.html,/epahome/epa.html,/browner/:
/docs/whatsnew.html,/docs/whatshot.html,
/region10/www/r10.html,/region10/www//gisapps.html,/region10/Www//gisapps/site.htnﬂ,/rules.html,/standard
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It is noticeable that the problem stated above
as rule of 1,2,3.n sequential patjern rule could
not reach decision criteria. It, then, could not be
considered in any further stages. The problem
solving in this paper that the size of slide
window, is adaptive window size could
confidentially solve the problem described above.

2. Rule Representation Method

Given a web log. We consider web log data
as a scquence of distinct web pages where
subsequences, such as users’ sessions can be
observed within unusually long gaps between
consecutive requests.

’M_Time User ID '_chucslcd Document
00:00.01 Ul A ]
00:00:02 974 B

| 00:00:03 U2 C
00:00:04 U3 D
00:00:05 Ul B ¢

Table | Example user visit sequence

This sequence is divided into user sessions
according to user Ids Shown in table 2.

E User ID Session Sequence
ul & By
u2 BEL.
U3 Dy.

Table 2 Extracted user sessions

We now discuss how to extrac: rulzs of the
form LHS->RHS from the log table. As it was
mentioned before in this paper, the RHS in each
asscciation rule is the next page requested by the
user. This is a different method to extract rule.

The representation is called ,the latest-
substring rules. This is also known as n-gram
rules in some literature [8). These rules are not
only take into account the order and adjacency
information, but also the recent information about
the LHS string.

[LHS-RHS] RHS Extracted Rules

A.B,C| D |<A,B,CC3E<B,C 2D,
<A>3D, <C>3 D

Table 3 The latest-substring rule -

. For each rule of the form LHS-RHS, we
define the support and cogfidence as follows:

65
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- count(LHS, RHS) conf ;—'—‘M.'_R__ffﬂ

- countiTable) sup(LHS)
sup(LHS) couni({LHS)
count(Table)

For the equations above, the function Coum
(Table) is the record set in the log table, The way
of pruning here is exactly the same ag in al]
association  mining  algorithms 4. The
approaches of association rule mining, twg
parameters: minimum Ssupport and minimym
confidence can be pre-defined to filter our some
rules with very low support and/or minimum
confidence [4;

The lates: substring FEpIEsEntation intereste
references the cxperiment such as [6).

2.1 Extract processing of log file table:

* Firstly, the »vstem will read all data from Log
file then tansaction log file incumred
Transaction L.og File Tlog = {RI,R2.R3. .Rn}

* Data cleanicy is the next step. The method of
cleaning server log is to eliminate irrelevar:
items of wet log analysis. The OuIpuL processe.
by cleaning model will result in untruth das
the best use of cleaning model applicd -
HTML log fiie.

* The output clean model conld be interpreted o
web transaction table. Web transaction tzble .
writenas  WebT = (R].R2.R3. ...Rn}.

« Lastly, reacing cach records as Recd €
{PLP2 . P.!goes by IP number. The resui: a8 .
kept in varizhle,

3. Algorithm

Definitions:

Stupport. the supportof a rule *X 9 Y™ is the
probability (or atribute sets) X and Y occurting
together in the same transaction

Confidence: the confidence of a rule “X < Y™ is
defined as the probability of occurrence of X and
Y together in all ransaction in which X already
occurs.

Minsup: Minsup is an input parameter to the
algorithm for penerating association rules
Minconf: Minconf is an input parameter that
defines the minimum level of confidence that a
rule must process

Web Transaction Table: is where all transactions
on web that were already passed cleaning model
Moving window pair (LHS-RHS): To capture the
sequential and time limited nature of predictions
that composted of  two adjacent windows
Antecedent wirdow (LHS): It hoids all wisited
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Y=2X 2 1 0.142 0.5

Y2 Xl 2 | 0.142 0.5

X1 & X2 4 1 0.142 | 025
Table 5 Full Tablel

Based on this Table, LHS, LHS - RHS,
Support, and Confidence are recoded with the
obviously that C - D has Confidence = 100%.
This means whenever Access User stans at C, it
would absolutely result in Consequent Window
(RHS) as D without any questions. When data of
Full Table | completed the process of Reduce
Rule (filter out), data in Trim Table | appeared
which some rules that value of svpport is less
then threshold will filter our (if suppont < 0.142)
,suchas X4 - XS, XS5 D, YO X, Y
XI, X1 = X2 while the rest rules are recorded in
Trim Table | wouldbe D> E.E3 D E3> Y,
X1 2> C,E = Z as shown in Tablc 6

Tom Tablel | RULE [LHS | LHS RS S
DFE |C.DFE | 3 R TR
E,DFE | 2 = " SN
ixspael | s ¢
E3D DEidD & RS Sy
BT VAN I P e ¥ 2 5 A
CX1C sy :

rﬁ%é-:) F e F B
Table 6 Full Table 2

Table 6 works as followiny
iICW2 stice windos with the
with rule recorded in Table vt (W 2 e Tam
Table 1, LHS-REN 1rom shide win
split into 3 mujor paris called LHS, Ljf RIS
and Ap. Where as LHS and LHS -~ RES applicd
in support 2nd confidence value vulv. ot
takes an impertan: role to record vzlse withim
itself compared to rule. If the result of this
companison states the same value, it means LHS
— RHS currently be able to process in the next
step. In case that /\z could not find any value in
Trim Table 1, shift window moving par 10 (P1,
P2, ..., Pn) contirues to incur

The last value recorded in Full Tabie 2 wil
be filter out and then the rest are kept in Trim
Table 2 for further next process. It is obviously
scen that the rest value is quite small with the

W wonld be

N

Ruleof D,E-> Y, DB Z

RULE LHS | LHS-RHS | Sup | Conf
E2Y |D.E?Y | 4 8 0s7tal 03
E3Z | D.LE3Z | 8 3 0428 10375 |

Table 7 Trim Table 2 and Full Table 3

As you may noticed that the more ditficulties
access pattern has, the less of support value

. incurred, Table 6 with additional
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2 2759 805

iCW=4,
compared with Trim Table 3 resulted in none
identical value hence no Rule in Full Table 4.
This could be called as the end of process.

Tnm Table2 |  RULE LHS JLHS-RHY Sup honl
DE=Y |EED.E2E 2 2 fo28s| 1
XS, D.LE>Y| 1 1_joae2]
DE3>Z |CD.E>2Z 3 3 |04281 )
Table 8 Full Table 3
RULE | LHS [ LHS-RHS | Sup | Corf
EDESE . s . - .
CD.E=>2Z

Table 9 Trim Table 3

We construct the Tree according tc the
following relations:

* Each rule is represented by a node in the Tice.

* The node represenuing the direct parent ruic is
the parent node of the node(s) representing the
direct children rule(s).

* The root of the Tree representing the default
rule

The pruming process just traverses the tree
using post-order traverse. If 2 not has a lower
confidence than tha: of its direct parent nodes, or
it predicts the same class as its direct parent rode,
it can be pruned and all of its children nodes (if
any) promoted to be the childien of its direct
parent node [61. Figure 315 2 diagram tree created
from Table 4 after Discovery and reduce rule
completed. Rules left as show in Figure 6 that

every single nodes have value of Conf. According

ia the <oniipt of prunmwig iree method stated
earhier, tree that completed the process will be as
Figure 7 while;

* E?Ycunr < ROOtc,.s then pruned and promote
D,E=Y that node will not be pruned because
the value of conf is more than root. It is
essential that ED,E>Y was pruned because
prediction is same as prediction of parent that is
node D, E= Y.

* E¥Deonr < RO o Was pruned.

* ED»E and C,D>E was pruned because
the prediction is same as parent prediction.

® E¥Zc.nr < ROOIc,, was pruned then promoted
D,E-» Z 10 be parent of C,D.E=>Z.

* DE?Zcor < RoOlca was pruned then
promoted C.D.E>Z.



adjacency information, but also the recent information about
the LHS string.

| LuS-RHS| RHS Extracted Rules
A B, C D | <A,B.C>3D,<B,C> 3D,
<C>2» D
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- for each web-page sequence ¢ in the web
transaction table do
Increment the count of all candidates in C, that are
contained in c.
Ly = Candidates in C, with minimum support.
End i

Table 2 The latest-substring rule

For each rule of the form LHS-RHS, we define the
support and confidence as follovws:

- eja_u_mﬁ_l‘._fﬁlkfﬂﬂ _ sup(LHS, RIS)

sup -

" comntTabie B e
sups LAy = SOunLHS)
count(Tahle)

Fur the cquations above, the tunction Count (Table) s
the recond st in the log able The way of pruning here is
racthy the same as in all association mining algorithms [4].
T appvoaches of association rule mining, Iwo parameters:
rmae sapport and minimum confidence can be pre-
Lo fef out some rules with very low support and/or
Udenee 4] The latest subsiring representation
et relerences the expenment such as [6).

2.1 Extract processing of Tog file 1able;

e birsth the system will read all dota from Log file then

atation log file incurred as.  Transaction Log File
Tlog = {RI.R2.R3, Rn).

an Cleaming s the next step. The method of cleaning

siver dop s o eliminate imclesant itlems of ..ob log,

amalysn. [he oulput processed by cleaning model will

result in untruth data, the best use of cleaning model

applicd 10 IITML log file.

The output clean model could be interpreted as web

sransaction table. Web transaction table is written as
WebT = (RIR2R3,.. Rn).

= Lasily, reading each records as Read € {PLP2,... Py}

goes by 1P number. The result is kept in variable,

3. Algorithm

Figure | A New Algonthm for Web Sequential Patiern
Discovery
Notation. In all the algorithm, L, denotes the set of all large
K-sequences, and C, the set of candidate k-sequences,
The algorithm is given in figure 1. In cach pass, we use the
large sequences from the previous pass to gencrate the
candidate sequence and then measure their support by
making a pass over the web log transaction. At the end of
pass. the suppon of the candidates is used 1o determine the
large sequence. In the first pass, the output of the large
phase is used to initialize the set of large |-sequences.
The Candidate generate function take as argument
Ly1. the set of all large (k-1)-sequences. The function work
as follows. First. Join Ly, with L, ,

¢ ifa, «b, j
a,a,a,. . .a,

aoa,.a @bbb, . b -
l-'I - an

- Begin main:
Open Web Log File;
* Extract web log record in to 3 main table, Data Cleaning
* Extract Web Transaciion according o [P,
* Grouping web iransaction based on web page visited. The
record will be stamped according 1o the time conscquence,
* Web transaction Table according 1o 1P separation resulicd
, from pres ious grouping. This table is in order of IP that visit
web pape conscquemly, according to order of web page
L Harge I-sequences )
! For ' k=21, kvl do

| Begin
i Gy New candidate generted from | A
L _____iSecanew cnudi}l:'lgg_ generation)

Figure 2 A new Candidate Generations

In order 1o create Ck, we have defined new
meaning of Join Operation as referring 10 (10, the output is
created from the candidate generation procedure, results the
Sequence pattern 1o overstep. When the application of web
based 1 ion i d. it is absolutcly unappreciated on
the reason that the process of prediction model is related to
next request web page. If the output of sequential pattern,
which is averstepped, is applied, it will decrease the
accuracy. For example: A new Candidate Generation

DE®ED=>DE?D:DE@EY=>DEDY
ED@DE=>ED>E:DE®EZ=>DE>7Z

4. Experiments

The rules established at the beginning of Algorithm
experiment. These are DE ¥ Y, X1 9 Cand C.D,E 9
Z. These rules were sct to compile with log table then
additional information is filled out lLastly algorithm
principle mentioned in this paper was applied and resulied
as following.

Table 3. Web Transaction Table. illustrates all data of 7
1P, Given each users have different access pattern calling as
P1 10 PS, all of these data were already processed Cleaning
Model. Alier we have data as shown in Web Transaction
Table 3. The Moving Window Pair which has same
identification thay is incurred from same  user by 1
mspection method would be recorded as one record. The
repeated aceess pattern would be discarded.



JP P P2 P [ Pa]Ps
I D E|DJ|E|¥
I Xa[Xs | U [E] Y
I[XI | C|D|E |7
a X1 cio €[z
sIxi[c o ® [z
6 | E|DJE|Y[X
T D E [ Y [xXi|x

Table 3 Web transaction table

For example: 1P) has Access Paten;, D-2E E3D.D
2 E. E Y. Itis noticeable that D = E incurred hwice,
and then access pattern of the repeated on is discarded. The
count method is only one time; LHS RIS = | and LIS -
2. The benefit of unrepeated count is described carlicr,
hence the end of this Algorithm generated data showing in
Table 4:

[ RULE_[LHS | LIS-RITS | Sup Cﬂl
DE 8 7 1| 0875 !
E3D 9 > 0285 | 0223
EF>Y 9 3 105T1] 0444
X1>C | 4 3 Toas| 075 ]
C3D 3 3 0428 1 .
ES>7 9 3 0428 | 0333 |
Y2 X1 2 1 01421 05 |

Table 4 Candidate Generation C,

Bascd on this Table. LIS, LUS - RIS, Suppert.
and Confidence are recoded with the obviously that € = D
has Confidence = 100%. This means whenever Access User
starts a1 C, it would absolutely result in Consequent Window
(RHS) as D without any questions.

' When data of Candidate Generation C; Table completed
the pracess of Reduce Rule (filtler oul). data ir Toble
appeared which some rules that value of support is less then
threshold  will filter our (if support < 0.142) |, such as Y
> X1 while the rest rules are recorded in Table would be D
S EEDDESY.XI>C.CH> D,E < Z. Then some
rule will pass the A new Candidate Generations for join
operation, the rules will be

DE®ED=>DE3D:ED®DE=>EDSE
DE@EY=>DE3Y:XICO®CD=>XIC Y

RULE | LHS|LHS-RIIS Sup | Confl
D.E-D 8 1 0.1428 (01251
D.E3Y | 8 a 0571 | 05
DE>7 1 g 3 0428 | 0.375
E.D3E 2 2 0.285 | 0.125
X1.C2 D] 3 3 [0.928 [ )1
C.DE | 3 3 0428 | 1

Table 4 Large Sequence L,

The last value recorded in Table 5 Large Sequence |,
will be filicr out and then the rest are kept in Table 6 lor
further next process.
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RULE __ [LHSTLHS-RHS| Sup |Conf
D,E,DYE 1 1 0.1428] 1
E, D, E2D 2 0 0 0

EDE2>Y | 2 2 0285 | 1
EDES>Z | 2 0 0 0
XI.LC.CDYE| 3 3 0428 | 1

CDE2D | 3 [ 0

CDE>Y |3 0 [
CDESZ | 3|3 [o0a28] 1 |

Table 5 Candidate Generation C,

[ RULE  [LISTLIIS-RITS ] Sup [Conf
EDE2Y | 2 2 Jo2s5] 1
XLCD2E] 3 3 0.428] 1

CD.FED7 | 5 1 3 o428 1

" Table 6 Large Sequence L, (Reduced)
[ RULFE  TTASTLAS-RIIS] Sup | Cont]
IX1UDi» 713 3 0428] 1

Table 6 Candidate Generation C,

Novan bdate o Ceverated tor the fourth pass as vou
by » ot aalled an the end of procoess,
Nentosep s We semsinuet the Tree according 1o the

foliowmg relations:

* Fach rule is represented by a node in the Tree.

* The mede representing the direct parent rule is the parem
mede o the made sepresenting the direat children rulets)

& The rootof the Tree representing the detault rule,

Fhe pruning provess just traverses the tree using post-
order traverse 10 not has g lower conlidence than that of its
direct parent nodes, o it predics the same clase 22 its direct
parent node. it can be pruncd and all of its children nodes (iff
any) promoted to be the children of its direct parent node
[6]). Figure 3 is a diagram tree created from Table 3 after
Discovery and reduce rule completed. Rules left as show in
Figure 3 thar every single nodes have value of Conf.
According 10 the concept of pruning tree method stated
carlier, tree that completed the process will be as Figure §;

* EFYcor < Roolcuy then pruncd and promote D.EY
that node will not be pruncd because the value of conf is
more than root. It is essential that E,DEY was pruncd
because prediction is same as prediction of parent that is
node D.E2 Y.

* EPDcpr € RoOU g was pruned.

* EDDE and C.DPE was pruncd because  the prediction
is same as parent prediction.

* EPZcos < RoOLcos wits pruned then promoted DED 7
1o be parent of C.DEDZ.

¢ DED7ce < Rootg
CDES>Z.

was pruned  then promoted

5. Conclusion

Phis algorithin introduced in this paper is a discovery
rule used in prediction model. The idea of reduction
irelevant data and counting precisels could show  the
capacity ol the rule. While the reduce rule could be done at
the same time as searching. The rale is reduced. by



confidence and support. Last procedure is pruning rule that
will discard redundant and inconsistent rule [6] then the rest
will have high accuracy. This prediction helps in either -
commerce to prosude client’s choice of products or offer the

E_{A"_"j FT

fast view of next page 1o satisfy those who visit website
applying this algorithm.

E)

Fiz. 3 The Original Trec m

ROOT
= Conf=0.4%
—
ten

(s
I

R Y]
XL Contein (o)

Fig. 4 The tree was reduced
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