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The authors previously proposed a multi-dimensional
data mining model termed an itemset cube, and applied
it to the web-strucuture mining problem. This paper re-
ports an efficient implementation of this model. This pa-
per firstly describes how much degree of details itemset
cubes should be materialized with. Then two new algo-
rithms are proposed for incrementally evaluating ad-hoc
multi-dimensional queries in the problem.
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Fig.1: Core detection by frequent itemsets
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Fig.2: Cores satisfying FROM-/TO- constraints
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Fig.3: Queries having various constraints
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K w[å � �	�k}_�hw*L�M��
@��A� b = 12
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C=w r#[ ¦ �*u �
� ê�C D �:x�"	° �\N P � Á rE[ ¤ < v �M@�� .
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Fig.5: Comparison of top-15 results (b = 8 vs. b = 12)

´fµ �&�1Í Á � · ¦Nà » � �ku�¯ ��ª}" � b = 12 u�=!?A�*�*�� � s = 4
� �*�f�f�3���_t Á �È� À ¦ x�"�u FROM/TO

´fµ
8 � w � ·;½�L � u ´*µ n ���[x_"��?�[z r#[ ¹�N�OU½Hz��N�
4. ø úýüg��� þ��o�

3 5��h«�¬3�D­1® � , �����!�,���y�� ?¡,¢��A£ K Ï ¦�¤ �° ©f³=´*µ n �:åR� è Ó1�FÖ�×JØ ¦ �����_�H�?¥[� N�¦ � . �n
,
Ô�J ½&�3� Web X�CJ� A,B,C � 3

à ���J�#| W,� C ½ � ,� À;¿ � ¿J§ � FROM/TO � 2
©�³�´fµ � N�¦ � .����¨ á 6

¦R) � 3
à ���#�����A���w�© �¡,¢J�[� ¤�¥6¦�f�k�=�1�D�hª �"� ¨ ºk»N·:¼D¸ ¦HÕ�] � ¨Rª�« � Á �,��������y�© �¡*¢��[�HÌ6» ¨ Õ?¬ �?���:½n� N�¦ �h�È� À ¦
¤ " ¨Ö�×=Ø § ÕE¬ � � Á »��®­ ¦A¯ ¨ Q = FROM(A or B)

§È¿
, � À� , FROM(A) ½ FROM(B) �xT*«f¬:�!@���å:�Fæ�· � ¿ Ö=×=Ø¦ è Ó � Á »=�J�R�*°��:� ¨*± ¡�Ø ¦ � K ¢_L# �¡*¢=�E�:Î²¢Ï����FÐhÒfÓ ¦DÔ*Õ �3�N�á 6 �xT
 �¡²¢=��� , �*�k�AS?�xU���W*¢ML b, s �*³=¨:� ¨ 35��n«=¬ ¦²´�µ » � �1Í � »È� . � § ¼�¶g·

D1: FROM/TO
´fµ 8 � �0Ug��W,¢RL�� ¯ b = 8, s = 4

� ½ �� ¨ �����_�&�È» ¨ ã:ä?å,�:�:¸?¹ � Á �A���
���y��� �¡R¢J�
D2:

´kµ � FROM(A), FROM(B), FROM(C) T*)6½ � Á � · ¦à » � U���W,¢ML b = 12, s = 4 � n �h���k�1���:» ¨ T� ·
�nãJä_å*�J�:¸E¹ � Á �A���!�,���y�º �¡,¢��
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��WR¢_L b = 12, s = 4 � n �h�*�f�1���[» ¨ T � ·��Aãä3åR���²¸�¹ � Á �������,���y�� �¡R¢��

�*@J� .
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Fig.6: Itemset cubes to be prepared
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´*µ
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à N4¦ ¿.À � . 1
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� ¿ ¨ ´hµ �+* Á �kãJä3å*�J�,.- �.��/ �fÚ�Û��A@�� . � À � ¯­�!�ÑÏ�L ê,C �DÛ � ½ �0� .¤10
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´kµ

�Dã�ä3åR�Dæ�· � ½ð¯ FROM(B)
´*µ �NãJä3å,�AæJ· � �,GE¢

� � ¨ �!�32 " § » ¤ �:�54 r è Ó �"� , FROM(A or B)
´fµ

�6* Á �kã�ä3åR�Dæ�·3� / ��Ú�Û��A@J� . � À �*G�¢*�NÛ6�0�
� . ( á 6 �ÑÌ?Í � Q1 (=FROM(A or B)

´fµ
) �D f¡J�3��� À¿

2
à �DÚ�Û6� , á 7

¦*) � ).���A� , D1 ½ D2(
� Á � ¨ D3) � ¨ I 0 U���WR¢_L (b, s) ����f�UÃ À � »1�=�[½ ¦87:9 �_� . ��� Á < ,

/�; � 2
à �nÚÛÈ� © � ¤ 0 ¦ ��»È����½ ¦ �3� :

• ä.<3= ¦ Web � r�[ ���È» Á » � ·6� ¨ D1
� ¿ �Y�HÏ

L êxC �AÛ ¦!¤ Í � ºf»h·È¼D¸1�D f¡=�_� .

• ���:>3�8? �J� ¨ ¤ "���� ¦ rE[ �,�[» Á » � ·È� ¨ T´kµ � ¤=¥:¦ �k�k� � Á D2(
� Á � ¨ D3) �ÑÌ6Í � ¨ G�¢

�NÛ��=ºk»k·[¼N¸ ¦DÔfÕ �_�è Ó*S�C:� N4¦ �[½ ¨ �Y�HÏkL ê�C �hÛ��kÚÈ¹�G�¢R�kÛ ¦L �  *¡:¹8@�»�� �.�_� ¨ ���A>�� N�¦ �:½ ¨ G#¢*�NÛ��DÚ�¹B )#� ´kµ ¦DÔ �.�  �¡*¢��J�A�*�k� �.� »[� Á < ¨ ¤ " � �� r�[ � � �n��� n , T_)E� è Ó�Ú�ÛY½& f¡*S�CJ�DC � � .
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1. ¯ ê	C Dg{ åR¢7| � : �*¢7| x
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�	���È�Y�*¢�|
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� Á � ¨ { å²¢�| ) ½������
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´*µ �6* Á � { å*¢]| � : | W�� C A

� ¿
t Á ½ � � ´fµ!>E@ � 9QX �_�h�8Y�ZJØ ¦ � ¨ | W,� C
A
¦D[ �V�*¢]|�¹ { å²¢�| r �����A` �:¢�|H½ �Ñ�]\:^�3�[½ � ¨ r � FROM(A)
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3. ¯ ã�ä3å,� � : ��� 2 ���Y���`_ åR�8a c1, c2

¦nà » � ¨
c1 �0���hæJ·È¹ c2 �	�:�hæ�· ¦cb � À ¨ � à ¨ c1 ����NæJ·:¹ c2 �0���hæ�· ¦5b � À �:½ � ¨ c1 � c2

¦5b �À �:½ed 0 �Èå�� c
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From A or B

To

To

From From

From

Q1:

To

A B CA B C

A B

ikjml6n8oqpsrst

uwvcx t

D1 y�z|{e}

D2 y�z uwvcx

Å
7: FROM(A or B) c�d��3ÆÈÇ:ÉWÊJË2��~���p����

Fig.7: two methods for answering FROM(A or B)
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´fµ1� * Á �*ã�ä1åR� � : FROM(A)

´fµ��
* Á � { åJ¢#| �	� � ¿ è Ó_Ã À�Á ã=ä1å:�H�\­ ¦�¯ ¨ á
8 � ¨ å,� fe� ���:��` �*¢�| ¦ | W�� C A � � ¢*��¹b � À�§ »=¹ ¨ FROM(A)

´*µ1� * Á � ¤ 0 § ã�ä6åR�*�
@J�n�

b5� ¨ FROM(A)
´kµ1� * Á �kã�ä3å*� c

¦Dà »3� ¨ ª?�	��A`k�²¢�|��*< �A¨ ¯ FROM(A)
´*µ1� * Á � { åJ¢�|������=�

�*¢]|��A@��N�
+ ¨ © � 2

à �Dã�ä_åR�Dæ�· � N�¦ �n�
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´*µ 8L� ¨ à � " ¨ ���E� { å²¢]|q� ¿è Ó;Ã À:Á ã:ä?å,�?�DæJ·[�6� À � ¨ ´fµ 8��J� >�@ �� �]� Ã À�Á �,���?�R�4���' �¡J¢.� ¦ g §1¿®§ »f���:�½D�A�,���:> � ¨ ��ª " � b
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¦hà »�� ¨ ª����� �²¢}| n
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¦ �A����� © ¦ , C0 �[å,�� 0 ¶ ¨ � � �:¢}|Ñ½:�+� isFromA[n]=1 ½ §�� �²¢]| n
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à � àw¤ 0�§ åR� � �Q� , 7 , æ�· C1 ½ ��� . �© ¦

,
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� * ÁD� { å\¢ | ���A� ¿ è Ó_Ã À�Á ã�äÈå²���Ñæf· ,� N�¦ � ���,�3½D� ¨ © �D�?B:¹���� ��� �
[ �:� 1] C2 �D  9 � ³ c2

¦nà »3� ¨ © �¡�?B � * Á�� C1 �³
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c1 �0� � �²¢�|�æJ·¤£ b � À�� � ( á 8 ¥�¦ ) 4.§�¨

1 £ ¤ " ¨ C0 ½�� ] ���A>�UR��W�L � ç�® À ¯ ¨ C2

�
��� è Ó ��� < v�© § � ¨ C0 � ¿ FROM(A)
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� � À ¯ ç�»3� ÁY� � ¨ §.¨ 1
© ¨

c2 ¹*@ �
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isFromA : 11 1 1

FROM(A) ������
	���
 �����
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a1 a2 b1 b2

a1, a2 : ������� A �
�����
b1, b2 : ������� A �����������
�

8: FROM(A) �� "!�#%$�&('
)
Fig.8: Core satisfying FROM(A) constraint
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Î E S~T0ÏOÀ�q cÐd ) � ; K . ( Ñ�µ�ÒÓ T3� Pentium 3.20GHz
? ­~Ô S 3.5GB). ,�� ? A

d ­3Õ T3�
OTHER(UEC

EBÖ
EU×
Ø
)
d ­~Õ T�1�e@� .Ù

3
?�Ù
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Table 3: time of the filtering method (FROM(A)))W�X�Ü5Ý x�F�¤
¥ (s)

N0P5Q�ROSUTBV 2
Î0W�X 7
��ò 9

�
4: FROM(A) �: 
	���
,���2�
�%�O&3��4�+(5,63�7&

��)�*
	,+�-�/10 (b = 8, s = 4)

Table 4: time of the re-materialization (FROM(A))W�XhÜUÝ x�F:¤�¥ (s)

x�®B¯ 4
r Õ â�ð3ñ é �õ<}= q~r�ö E3÷�ø 18
q3r E o
p�¯
WBX 9
Î�W�X 5
�
ò 36

5.2 FROM 8
9':�;=<1>@?.A
FROM L8M E Ò c ê�B�� 1_� ? � 6

EDC�E w o0p�q+r E ò�ó25F��B�
±0² c�³ (D2) 2_Ñh/ ? Ö0E Ú LBM}2GF,HB�h¢~£}K�I1g� ? FROM L�M w�I {OK8¡B/8�h¢U£ w~ï ¶
{OK0j E � ; K~u���B� ? ¡B/B�:¢3£ (Q1) 2 ? ¦ FROM(A or B) LBM�¹>10e_�1~� ? D�E W�X � FROM L�M E Ò c êDB
� � ; K~u
• FROM(A) LBM}2g�h�8{Bo�pOq3r E �
��2 S

• FROM(B) L�MO2g�h�8{�o
pOq~r E �
��2 T

1 Í i§u FROM(A or B) L8M�2g���~{�o0p�qUr E ���h2 V 1
Í i01 V 2 �h� K �KJ � D�E m�G w J�K~u

1. FROM(A or B) L�M}25�h�B{°S~TBÏ�ÀBq cÐd <>= A ,0�� B
d ­3Õ T wDL {�M a�N¾b+c d 2U{%O
.0z�Pße ? Ö
Eû�ü 15J�K�S+TBÏhÀ8q c(d 2@ÑO��.~o
pOq~r
2Uò�ó�{OK~uk�,Á� ? � 9 w�Í 9 K c

E m�G@J�q8r�2Uò0ó�{¾K~uhI Em�GnJUo
p}qUr E ����2 C 1 Í i|u
2. C 1 ? {�� w ò�ó1Qn-
.�/:K S 1 T

E
3 k E o�pOqUrg�� w k
/0. ?�RKS z�Ph25FHG u

��T�� ? V 2 �:� K�I�1 � ]DU K 5 uIBI5� ?§¨B© � � b = 12
? �����0� cH� � s = 4

EU«h¬8­ c
R�� ? A, B

d ­3Õ T�2 Ö -WV�- UEC
E

OTHER(
Ö�EU×
Ø

)
d­3Õ T , EE( X�Y Ø )

d ­3Õ T�1�e_.�Ò c ê3� 25Fh�8��u3x É wµ�/0�BÊ c Rg���h� ? 2005 Ë E UEC
E

Web Ê c R (3.4
Ì wÍ 9 K Prune W�X�Î E S5T�ÏhÀ8q c(d ) � ; K3uÙ

5 w ? ¦ LBM0�8 �2 FROM(A), FROM(B), FROM(A or B)
E

ÚWZ 10e§�~¸�� w r Õ â
ð~ñ é � ±�² c0³ 2UÂ8Ã Ä xB®�¯°e§.¶�·�{�KU,�� E ò�ó0¤�¥3¹ , [�\ ,
¦ Ò c êU� w m�� FROM(A or

B) L8M�� E o0p�qUrg���h2 ��� .+¶�·�{�KU,�� E ò�ó0¤0¥3¹B2Û0{ . (
Ù.] E Ú WBX,^�â é`_�Eba2c � E�d 1 »�½ ).

»+Ù w3Í /. ? Ò c êU� � E ¦ x�®8¯�¹D^8â ée_�E ò�ó�q�^ � � , FROM(A

5 fhgbf Ø , V ikjli�mon FROM(A) prq�ihs�t`uDv FROM(B) p`q
iws�tGuxv f Ø fry�zk{l| c }�~��b} , c ik�x��u A v B vo�K�k� fy`�G�����l��� t fGyx�%���b� � ( � 9 i c �G�Diw� ). v � c �e�x�
} ��� A( �r��� B) iw���l� |��x�Df�� , c |��G� ~��K�� r¡b¢ z ��£
�¥¤ � FROM(A)( �G�x� FROM(B)) p`q |o¦ �w~bi � , c ��§�u¥¨e©�ª
� �Gy �`�¥« �l� � .
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�
9: ��� �W$����	��

��� �¾'
)

Fig.9: Core to be newly computed in the merge method

�
5:
¦ L8M FROM(A), FROM(B), FROM(A or B)

E ����±�² c³ 2+Â~Ã Ä x�®�¯ßen.�¡8/~�:¢+£�WBXÁen��¤ E x3Fª¤�¥3¹r[�\¦ Ò c ê~� w m�K FROM(A or B)
E ¡�/8�:¢U£�W�X�¤0¥8¹ ( /��-}j b = 12, s = 4)

Table 5: Comparison of the merge methodx�F:¤�¥ (s)WBXhÜUÝ x�®�¯ x�®�¯ x�®B¯ Ò c ê3�
A B A or B A or B

xB®B¯ 13 22 79 1
r Õ â�ð3ñ é �ú<¾=qUr8ö E3÷�ø 70 60 135 1
qUr E o
pB¯�W�X 23 19 62 1
Î�W�X 79 83 244 244
�0ò 185 189 520 247

�
6: FROM(A or B)

E q~r�ò�ó w Ñh¢3-}K�À�q c(d ���
Table 6: link-records of the merge methodW�X B�� À8q c(d � S+TBÏ �

FROM(A or B)
Ä x�®�¯ 10862 51193

Ò c ê3��� C ò�ó w Ñ G5j E 122 865

or B) L�M¾25����{ÅS~T�Ï�ÀBq cÐd <>= A ,���� B
d ­8Õ T

wxL {KM abN}b5cHd 25{�O�.�z�Pºe ?�� �3�>S5T�Ï:À8q cHd 2Ñh�U.�q+r02Uò�ó�{�K5¤0¥�� ; K . x~F�¤�¥�� 1 ��� ; �~� . I- wgï e ? FROM(A or B)
E x�®8¯ E ò�ó�¤�¥�� 79 ��� ; �U� .I E
��� 1�eg. ,

Ù
6 w ?g¦ FROM(A or B) L0M>2U���B{°Àq cHd ����¹�1 ¦ Ò c ê~� w~Í /�.8xB®�¯
òBó w µ�/hK�À3q cd �
�
¹�2+Û%e@� . Ò c ê3��E q3r8ò�ó ï�� 15J
K:À8q c d �� S5T8Ï � j
À3q cHd � jgÂ3Ã Ä xB®B¯ E�Ö - = mh�§�
K < w�7Q5/�I:1 � ¢ < K8u8{hJ�¢�^ ,

E W0Xß1�e_. FROM(A) LBM1 FROM(B) LBM E xB®�¯�2�� w F��8.B/:K~� �3? Ò c ê~� wmBK�����ò�ó EDB
��� T5Ê�ÒhT d ¤ E ¡�/3��¢U£�W�X E3�B� 1e@.
�+´� h� ; K .

6. !#"%$'&��( �0� ?*)�+%= �-,�. e§.�/:K~r Õ â
ð~ñ é � ±�² c�³ ÔÊBQ w m0K�/ D0� L�M:� E Web å�¥3æ�ç0�01O2 ï0��w ? Ö�E�3254 J3ò�ó B�� 2 ,0. e@� . � ½+� w ?
•

¦
Web Ê c R E S76 Q <}=98 ,hK5ò�ó>qD^ � w�: G ï ¶{OK < ¹

•

¦ ï�� 1|{�K Web å�¥
2;/ D�� L�M��0� : E*<7=:E
> <
Q5�
?�� ? x�®�¯°e@. Í i`O:� < ¹

E
2
a 2�@WO
� . A0® 4 w � ?�)�+Å= E�B7C [1, 2]

E q~r8ò�óE���J w Kumar
= E

Prune W�X�2;D Y e@.Bò�ó�E Z 2;F7Gºe ,Ö
E ���hq~r�ò�ó E
> < Q32ULIH�{OK «O¬�­ c R�10e@. , Ü
JS+T8Ï E ¨  ��@2_FÅG �7K5¿ b 13qUr E p��WQ32ML"G s( ���0�� cH� � ) 2N@�O , ´� :J > < Q E ���8ò�ó3O�Eº1_J
K b, s 2N@
O�. ,

; =g<¾½U� x�®�¯°e_. Í irOh�Br Õ â�ð3ñ é � ±0² c
³E
PRQ 2�S3TÁe@� .
D w , T E3û�ü 2*U 9 . ,

•

¦ / ù J;/ DB� L�M E F��B£ w ?�V5c Q�r ék_ J : E Ê cR�±0² c�³IW ó�� : G ï ¶�{}K < ¹
2
X7YH1�e+� .

Ö e+. ,
V3c Q�r éG_ W ó E x0F ��� 1�e5. ,N�P@Q�R�S5T�V � 1nÒ c ê~� 2 ,�. e ? X�Y�Æ�Z�p�[ d ­~Õ TE

Web Ê c R�2 ïI��w�\I] 2_F:�3�Bu Ö�E+û�ü , FROM L�Mß1��tBL�M0�8 2T E V5c Q�r é`_ wN^`_ {�K~¡B/3��¢U£��B  w ¶½ . ? Â8Ã 4 J Ä x�®�¯0W�X¾m:�+j ? ,�.����
� p0a w�b /8WX�¤�¥B�3¶0·�O�E
� ; K0I�1+25Û°e@�0u TO L�M%13m5tOjOGdc1nk E L�M��� �e 9 E N�P@Q�ROS5T8V � 1nÒ c ê~�
E�f;g��
hi E X�Yh� ; K .
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