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q>xot}j}n�gYh(�.na��t}s$s>�Yg���turogY{eh>x�gix�ro�>n�z2gYh>gih>j�{}kMq>xvn�loxa��te����naxvx��|na�Lt
��gY{}l�km{}l�ro�>n�s>q>los|{exvn�{}kQs>lon
��gi�wrogYh$j�t}hL�6�$n�hL��n
s�lon���k�n�r~�o�$gYh>j�t}s>s>lo{}s>logituron��.na��sLtujenaxa�
f9gYh>gih>j2xv{e�Yq>rogY{}h$x�gYh�ro�>n��Yg�ron�l~t�roq>lon�tulon�{}k�ronah7�Ltuxvn
��{eh�ro�>n�q$xvn�{}k3t}h���s>logY{ulogY���YgY� n��at}h$�>gi�$t�ron�jenah>n�l~turogY{eh
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�.n6gih>x�ron
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Link  Count ListH

d-g       4

g-i       2

c-d       7

d-e       6

e-h       3

h-i       2

b-c       5

c-b       2

a-b       4

b-d       2

f-a        2

(b) Header Table (HT)(a) Web Log  File

SID InSeq

1 d g i

2 d g

3 c d e h i

4 c d e

5 c b c d g

6 c b

7 a b c d g i

8 a b c d

9 b d e h i

10 b d e h

11 c d e b f a b c

12              c d e f a b c

13 a i c

14 d i e

15 i g d b a

Link  Count   SID

e-b       1            11

b-f       1            11

e-f       1            12

a-i       1            13

i-c       1            13

d-i       1             14

i-e       1             14

i-g       1             15

g-d       1             15

d-b       1             15

b-a       1             15

(c) Non-Frequent Links Table (NFLT)

Frequent

Links

Potential

Frequent

Links

Non-frequent

Links

Ã(¢�È����©� § 2>*4¥%+;� �uÊ-Ç£��È@�VÇ ������¥��¦�¸Ç£��­ *�Ê +;_�ar¥���¬
*4¡j+Ooqpsr$a6Ì � ¨©¨®���¦¢£�¸Èf��QSR{'X'+� U -�)TW �/��¥���¬���QSR{'X'.� |s}~� ���­QÃ��©�}Å*���>����Ç£¢£��5�¨ ¥��©� ��°��*¨®� ¨�¥���¢ ¨oÉ7$�¢£�¸È;Ê9����° ¨������\��������°��©�>¨�°��>Ç£¬�¨>­��;�����F�*�©¢£¥�Ç£Ã��©�}Å*���>����Ç£¢£��5�¨ ¥��©� ��°��*¨®� ¨�¥���¢ ¨oÉ7$�¢£�¸È���VÇ-$5��Q�RT'T'.� U -�)XW ¥���¬��«�����¢ÉU���eÅ����F�*��Ç ¢£��5�¨�¥��©� ��°��*¨®�1����� ¨�¥���¢ ¨oÉ7$�¢£�¸È�¥��%$ ��É(��°��1�#�²�}¨®�����9���®�
�©°����J¨®°���Ç ¬�¨uÌ

�����G�u¿G»L»���¾ �3ÁK�}¿v�]�&� 	�¾ �
� �����9¨®¢ ¬��F�²�©°��0���}Ê¦Ç£��È��VÇ£�1¢ �§Ã(¢�È����©� § *4¥=+
Ì;��� ¨��©���©�>¨
¥ ¨��"�«��ÉS��¨��F�±¨ ��¨��>¨©¨�¢ ����¨���°��F�©�
�>¥�¡±°[¨��>¨©¨®¢£��� °9¥�¨��#���(���uÇ ¬�¨ 2�Q`��� �BÇ �J¬}��°9¥A��¨��©���©�>¨���°��1¨®�J¨�¨�¢£��� ¢ ¬[¥���¬��TdBQ�_ta��VÇ �J¬}�©°�¥A��¨��©���©�>¨²¨®�eÅ*���F��¡F� ��ÉD��¥�È��
�©��ÉU�F�©�F�9¡"�>¨²¥�¡>¡"�J¨�¨��>¬-Ê=$¦�©°��1��¨��F�
¢ � ¥ ¡F�F���©¥�¢ �-���±¬��F�eÌSe ¢mÆ��>� ¨���¡±°-¢ �������o���}Ê-Ç£��È��VÇ �x�²� ¡F����¨®���©��¡"���©°��2Ã;	��&�©���>� ¥�¨
ÉU��ÇmÇ£���«¨L2

§ +�� �x���±¨����\�F�wÉU���©�a������¨©¡F¥��-��ÉD�©°���¢ ��������¬�¥��©¥�Ê�¥�¨���*�Ç �>È��VÇ ��+����¦��Ê��©¥�¢£�8¡"�����*�©¨�ÉU����Ç£¢£��5�¨
¢ � ��°���¬�¥A�±¥�Ê�¥�¨®�>Ì
�Z+«� �}¢£¬��>�*��¢�É7$8��°��*¨®��Ç£¢ �T5�¨ �©°�¥A��°�¥ Æ��,Q�RT'T' U -�)XW u ��QSR{'X'+� U -�)XW ­D¥���¬A�²��¢£��¨��F���1��°��>� ¢ �W��°��}°��>¥�¬��F� �©¥�Ê¸Ç£�

*"_qa�+±­D¥�Ç ���¸ÈR¨®¢ ¬��C��¢ ��° ��°��>¢ ��¡F�����*�±¨F­(¥�¨1¨®°������W¢£�yÃS¢mÈ������ § *�Ê9+aÌ7Ã�����Ç£¢ ��5�¨1�©°�¥A� ¬�� ������¨�¥���¢ ¨oÉ7$ ��°��}���©�>¬��������J¬
��QSR{'X'+��U -�)XW �²��¢£��¨��F���«��°��>� ¢£�R��°�� �������¯ÉU�©�}Å*���>�*��Ç ¢£��5�¨��±¥�Ê¸Ç£��*"oqpsr$a�+±­\¥�Ç£���¸È}¨�¢£¬��@��¢ª�©°8��°��F¢£��¡"�����*�©¨«¥���¬ ��°��
	���¤���É;¨��>¨©¨�¢ ����¨���°�� $-¥��©� ��Ê��±¥�¢£���>¬¦ÉU�©������­��©°�¢£¨«¢£¨«¨�°������-¢ �§Ã(¢�È����©� § *4¡j+aÌ

�=+�� ��¡"�©�>¥���� ��°����©�����
��É(��°��6ÃP	*� ���©�F�>Ì
a%+��W� ��°��>�h�\�F�wÉU���©� ¥-¨®�J¡"����¬ ¨©¡F¥��8��ÉP��°��¦¬�¥��©¥�Ê9¥�¨�� ¡F¥�Ç�Ç£¢ �VÈ}��°��^��d���_���� a��z_t_(ÉU����¡=�©¢ ��� *&¨®°������8¢£� Ã(¢mÈ����©� �=+

ÉU���
�J¥�¡±°[¢£��������¨��}Å*���>��¡"�>ÌP�
°�����d���_���� a��z_�_TÉU����¡=�©¢ ���-¢£��¨��F���©¨���°�� ¢£������� ¨��}Å*���>��¡"�J¨�¢£�[�©°��2ÃP	*�&�©���>� ¨®�©¥��®�©¢ �VÈ�Ê%$¦��°��
���±¨���Ç£¢ ��5[¢ �[��°���¨��}Å*���F�9¡"��­$ÉU�©�}Å*���>����Ç£¢ ��5�¨x*4¥���¬-�9�����F�*�©¢£¥�Ç�Ç&$�ÉU���eÅ*���F�*��Ç ¢£��5�¨,+�¥���� ¨��©���©�>¬ ¥�¨��J¬|È��J¨²¢ �[���©�F�TÊ��©¥���¡±°��J¨
*4¨�°�¥���¢£�¸È�����¬��J¨
¥���¬}�J¬|È��J¨l��°��>�[�\��¨©¨®¢mÊ¸Ç£�j+=­*�����©¢�Ç6¨����¦� �������¢ÉU���eÅ*���F�*��Ç£¢ �T5}¢£¨��F��¡F�����*�©�F�©�>¬6­*������°���¢ �������«¨®�eÅ*���F��¡F�
� � wSr�wSp?fFyznoy��vmdf3yzwSt���y s�nowSr3i�fFh�m,tCwStjicw,s�f3h?ivkFick3i#k3kFyzwStjk�hjm3��icii�jm,ugf\} ~�fFhjickQm,noi>kFiv{L|ji#tju#i^� ionoyzqShLf\k f3wSrFiowStR} ~�fFhji ��� w,sUwStji

w,s fFhji#n m }zwStjq;kFy��ji �Uy fFh0f3hji#yzr	u#wS|jt�fH} � wSr	ii�jm,nop8}zi�y s"f3hjiH}zyztR�xm	���s��m,k	t?wSt�� s-r3i#{ |?ivt�f\m,tR�@y s y f	m,pjpNiHm,rFi#��yztxfFhjr3i#i>kFi#k3k3yzwSt?k:yzt0f3hji
��mdf3m ��m,k3i����	�8�! �"$#&%('*)+�	,8�- �.	"$#&/�'*)cm,tR�0�K�1�8�- �"�#&%('*)L� i>ncm3~xkFfFwSr3i�fFhjyzklyzt?s-wSr3ncmdfFyzwSt0yzt0f3hji32346587 m,k9�dm	���(���8�:�K�;��� �K�5�u�<,����,�=)
)x�Uhji#rFiom	���@yzk:f3h?iL}zyztR�xt�m,noi1�@�!fFhjiL}zyztR�xu#wS|jt�f�m,tR�0�K�<�>�Q�K�@?G�;,A���,�=)cnoiHm,t?k:f3h�mdf\m	� ��m,pjpNivm,r3klyzt(m;kFi#k3k3yzwSts�Uy fFh�B ���DC ��m,tR�(yzt
m,tjw,fFhji#rPkFi#k3k3yzwStcfFh�mdf�hjm,kUii�?m,ugf5} ~!f3h?i	kQm,noi�kFi#{ |ji#tju#i\m,k f3h?i	wStji	yzt;kFi#k3k3yzwSt��8��m,t8�xm }zk3w�m,pjpNivm,r3i#��yzt;m�kFivkFk3yzwSt^�Uy f3h ���6C ,�fFh�mdfUh�m �
�jy �bi#r3i#t�fPkFi#{ |ji#tju#iS}
EdwStR} ~!r3i#{ |?yzr3i#�!s-wSr�k3|jp?pbwSr f3yzt?qoyztju#r3i#noi#tLf3m }=noyztjyzt?q

�



¢ ¨«����°�¥���¨®���>¬%Ì���É�¥}�������¯ÉU�©�}Å*���>����Ç£¢£��5R¢£¨ �F��¡F�����*���>���J¬ ¢ �8�©°�� ¢£��¨��F�����J¬8¨®�eÅ����F��¡F�0��� ¬�� ����� ¢ �9¨®�>�®� ¢ �>­\�±¥A��°��F�J­���°��
¢£��¨®�>�®�©¢ ��� ���©��¡"�>¨©¨�¢£¨1¨®�©¥������J¬8�GÆ��>��¥�È�¥�¢£�§ÉU�©��� ��°����©����� ��ÉZ�©°�� �©���>��­ ��¢ ��°W��°������>�}¥�¢£��¢ �VÈ[¢£��������¨��¸Ê�¨��}Å*���F�9¡"��­M¢£�
¥-���J¡"���±¨®¢mÆ�� �¦¥������>�}Ì��²�>¨�¢ ¬��>¨ ¢£��¨®�>�®�©¢ �VÈ-¨��}Å*���F�9¡"�>¨ ¢£�*���-��°�� ��� �,�u¿G»L»����¦¥�Ç ¨��[�}¥�¢£�*�©¥�¢£� �©°���� 	�Á
���IÇ ¢£��5��J¬�Ç£¢£¨®�©¨
��°9¥A��Ç£¢ ��5 ¬�¢��\�>���>�����J¬|È��J¨
¢ � ��°��1���©�F� ���¦�©°���°��>¥�¬��F�²�±¥�Ê¸Ç£��* `��!+aÌ

Function insertTree (tree root node S, sequence p-P) :

Updated FS-tree in which all the potentially frequent

subsequences are inserted .

(1)  If (link p-P Î HT) {

(2)       If (S has a child N and N.node-name = p) {

(3)           increment S-N.edge-count by 1

(4)       }Else {

(5)            Create node N with N.node-name = p

(6)            Create edge S-N with S-N.edge-count = 1

(7) Append edge S-N to HTS-N.ListH }

(8)     If (P is non-empty) {call insertTree(N, P)}

(9)  }Else if (link p-P Î NFLT) {

(10)    If (P is non-empty) {call insertTree(R, P) } }

(11) If P is last page in InSeqi and InSeqi was not cut,
store Seq.ID in seqEnd.ID

FS-tree construction Algorithm

Input: Sequence Database DB

and minimum link support MSuppl

Output: Frequent sequence tree FS-tree of DB

Method:

(1) Scan the DB once to collect counts for all links

(2)  Classify links and insert them in HT and NFLT
tables

(3) Create a root R for the FS-tree

(4) For (each record in DB get sequence InSeqi)

call insertTee (R, InSeqi)

(5) Return FS-tree
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FS-Mine Algorithm

Input: FS-tree root R, and minimum sequence support MSuppS

Output: Frequent sequences

Method:

(1) Frequent sequences set FSS ¬ f

(2) (2)  For (all links li Î HT and li..count ³ MinSupps) {

(3)        Conditional sequence set CSS ¬ f

(4)        For (all paths Pj in FS-tree reachable from HT.ListH(li)){

(5)             CSS ¬ CSS È extract Pj, remove last link, and adjust Pj.count = last link count }

(6)        Conditional FS-tree CFST ¬ f

(7)        Construct CFST

(8)        For (all sequences Seql in CFST){

(9)              FSS ¬ FSS È concatenate (Seql , li)    } }
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Incremental FS-tree construction Algorithm

Input: FS-tree root R and DDB, and new minimum link support MSuppl

Output: updated FS-tree

Method:

(1)  Scan DDB, and collect counts (+ and -) for links

(2) Update counts of links in HT and NFLT

(3) Move links,between HT and NFLT, based on MinSuppl

(4) For (all links ll moved from HT to NFLT) {

(5)       Start from ll.ListH pointer

(6)      For (every edge p-P in the FS-tree reachable from ll.ListH)

(7)             Cut the edge p-P

(8)      Call insertTree (R, P) }

(9)  For (all links ll moved from NFLT to HT) {

(10)     For (every sequence ID in ll.SIDs) {

(11) Obtain input sequence inpSeq with ID from DB

(12)         Call insertTreeInc (R, inpSeq) } }

(13) For (each record Reci in DDB get Reci.inpSeq) {

(14)     If (Reci is an insert)

(15)         Call insertTree(Reci.InSeq, R)

(16)     Else if (Reci is a delete)

(17)         Call deleteTree (Reci.InpSeq, R)}

Function insertTreeInc (tree root node S, sequence p-P) :

Updated FS-tree.

(1)  If (link p-P Î HT) {

(2) If (p-P was originally in HT){

(3) If (S has no child with name = p) {

(4) Create node N with N.node-name = p

(5) Create edge S-N with S-N.edge-count = 1}

(6)      }Else if (p-P was originally in NFLT){

(7) Node ptr = call deleteTree (R, P)

(8)                    add ptr as a child to p }

(9)        If (P is non-empty) {call insertTreeInc(N, P)}

(10) }Else if (link p-P Î NFLT) {

(11)       If (P is non-empty) {call insertTreeInc(R, P) } }

Function deleteTree (tree root node S, sequence p-P) :
Updated FS-tree.

Precondition: counts of links in HT and NFLT are already updated

(1)  If  (S has child N and S-N = p-P) {

(2) Decrement S-N.count, and deleted it if count became 0.

(3)           If (P is non-empty){call deleteTree (N, P) }

(4)  }Else{

(5) If (P is non-empty) call deleteTree (R, P)}
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Header table

Link  Count ListH

d-g       4

g-i       2

c-d       7

d-e       6

e-h       3

h-i       2

b-c       5

c-b       2

a-b 5

b-d       2

f-a 4

e-f      4
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c: 12
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Link  Count   SID

e-2       1            11

b-f       1            11

a-i       1            13

i-c       1            13

d-i       1            14

i-e       1            14

i-g       1            15

g-d       1            15

d-b       1            15

b-a       1            15

Non-Frequent Links
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Inserted sessions {16, <e f a>} , {17, <e f>}, {18, <e f a b>}
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Link Count   SID

b-d       1             10

h-i       1            4

e-b       1            11

b-f       1            11

e-f       1            12

1-i       1            13

i-c       1            13

d-i       1             14

i-e       1             14

i-g       1             15

g-d       1             15

d-b       1             15

b-a       1             15
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c-d          7
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Deleting tuple: [8, <b d e h i>]
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Header Table (HT) Non-Frequent Links Table (NFLT)
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Incremental FS-Mine Algorithm

Input: FS-tree root R, set of frequent sequences fSeq and set of affected links affLinks

Output: new frequent sequences based on affLinks

Precondition: all counts for links are updated in HT and NFLT

Method:

(1) For (all frequent sequences fSeqi )

(2)     If (fSeqi count < Min-Supps or fSeqi has link with count < Min-Supps){

(3) delete fSeqi}

(4) For (all links li Î HT where li.count >= Min-Supps)

(5)           if (li moved from NFLT or li count was < Min-Supps or li Î affLinks ) {

(6)               call FS-Mine (R) for li}
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