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In our previous study[1], the authors applied multi-
dimensional data-mining to web structure mining, and
proposed a new graph-structure called a core-community
graph so as to find interesting web-communities in an
intranet domain. This paper improves a ranking algo-
rithm in this graph model and evaluates effects of our
web-community mining method.

1. ½¿¾SÀÂÁÃ(Ä
Web Å�Æ4Ç_È4É4Ê8Ë]Ç_Ì4ÍnÎCÌ4ÏSÐ4Ñ4ÒCÓ6Ô}Õ�Ö Web×�Ø ÆSÙÚÇnÛ|ÜÝÑFÌ(Í�Î/Þnß/à1Ó;ánâ/ã8äæå6ç|â6è�édÎ_ê(ëìéÑ4ÒCÓ=í_Ó(á|â [2][3] î6ï(ð6Ö/ñ4ò4ó(ô6õ|ÐFöU÷ÚÓCø(ùSä,ú4ûüÚý|þFÿ���� Ó_å8çSâ1è�éÚÎCê4ë8Æ��8â_î��� , 	�
���8Æ���Ö��1û�����Yû��4Ç����;Ð��nÒ�Ó������ �!�" Ç#�6û$�&% ÿ�'$(�) äÚÞ Ü+*�,.-0/ ÿ1�2436587 ��,û��9=ä&:�; � Ó1á|â [4] î]è,à�� , ��û<�=�=�Yû$��>��?SÇ�@A�B ��CD (

3 ? ) Ð ,
 �! äFE]ð�GIH�J,ûLKNM�O�ã6PRQ=ï�âTSUV / ÿ1�2#36567 ä C�W � ð<X/Ç;Æ��kÕ , YZ�[4ó$\ þFÿ \ ,] û#?$/ 5F^ Ñ|ÙÚÇ�_`nÐ8ÛCÒCÓ#�����  �!�" Ç/ ÿ�1�2�3a57cb�d äfe�g�h�i�Þ Üj*�,nÆ��1â . k Ä , l�mnPf� , è/Ç������ �!�" Ç#�1û���% ÿ$'�(�) *=,kÐTo=p8á4Ó ,

ÿ8(q7�þfrs5�7ut
Ç Web

×=Ø ÇT,=v b�d ( J$wx� '�1$yxbd ) äæÞSÒCð [1]. G=Ñß=z , Web ,�v b�d Æ;ásÜFJ4/ ( {�| 2 } )6þ�~ ) ä4S U�V / ÿ1�2#3�5a7 é � Ó�Q���â1è=é6é � , / ÿ�1�2�3s5a7 ���/û��4Ç���6Ð#�nÒCÓ , ��� � ð�����  !�" Æ�J#/8ä�Q�� , �|è_ã�P ,J4/8Ðfo=p8á4ð<J�wf� '�1<y Ø Ç��4�Säf�=G )4þ~ >���? ( J/$J�wx� '�1�y�)6þ�~ ) äf;�� � , J�wx� '#1$y äF��G��FûLK Çþ�( � (#) äÚÞnÒ,ð [1] îf�6ÇT��� , �����  �!�" Ç b#d Ð1Û=Õ�Ö �! Ñ � Ç��OSÐ�� b ã6P,Ñ;ã�Ò�ð����aXF�qPÝà , ���Ç#��e� äx�G è8édÎ(Æ8í�ð(î � ã � ÖT��nÐ,å1ç1ðkéCè#�/Ö&��� �
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Fig.1: (k, s)-core as a frequent k-itemset
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ð )6þ�~ ÇT,�v é4�FûÚKqÇ þ�(�Û¡Ü Ç Ø Ð#Ý6ð[ÕÝÎ=�1âF��O8ÎÞ P à=ð . �kè/Æ�	�ß]Æ��;Ö8ï#à , J#/<J<wT� '�1�y�)8þ~ é�/ûáK þ=( � (�)�â Ç�>���? ä4ã��=G â . �8Ç(Å�Æ , äå=æ�çè=é
(UEC) Këê ÿ6( ÇIì (�Û ,�v��8û<�;Ç b�d �=�=ã�PæÖ�������=Ð8ÛYÒ_Ó�í�î�,�vï�ð=Ç&,�vnänÙÚÇTñ V�ò �4â6è�é Î(Æí�Ó(á|â/ã�ó���Ó�ôõ=G â .

2. öø÷úùüûþý ÿ � Web ����������	�

2.1 ��������������������/ ÿ�1�2#3�5�7 ���/û=� éT� , á �1Ö[ÙCèYÆ6Ö"!=Î[édá=ÒCð�����  �! Ç " Æ �$# UV ï4Å&%|í_Ó6á]â('*)=ÇYÊ ( S U�V /ÿ�1�2&365�7

) ä&Q��1âYð���Ç4�6û������æû=��>���?8Æ=�SÕ , @A�B �C�D (
3 ? ) Ð , +;ö=Gkâ�H�J,ûLKuM=O=ã8P Q$�Cð�S UV/ ÿ1�2436587 ä-,�� [4] î8èdà]ä/.;GSâ6è8édÆ , ����� b�d0&1 Ð,ö}÷ ð2'&)nÇ/ÊkäTe=g�h8i�å1çkâ4è=éÚÎ6Æ=í1â .

2.2 Web 35476985:7;�<>=@?BADC
Web ,�v�% ÿ�'<(�) Ç b$E Æ=�(Ö�{=| 2 } )1þ~ ä$J4/[éF*G Ö�J4/�Ð4o�p�á1ð Web J�w&� '1<yxbd ÎCÞSßCà[â [2] î�&H Ð , IKJ ( L�� ) M i, NOJ ( P6û ü ì 1<y(Q M j Ç<J�/ ( �ïìÕ , (i, j) J&/ ) � , S UV / ÿ1=243�587 é � Ó#Q��8â6è1édÎÆní�â . �kè/Æ , R�S=� , / ÿ�1$2#3�5a7 ���_û��nä/T Ò�Ó , ���  �!$" Æ1Ç�J4/�¤�`SäæÞSÒ;ð [1].U Z�V4Ð�� , Web ì (#Û ,v��(û��=é � Ó , W 1 X|Ðx��GSÛnÜÐ/Ö4�4âZY4û$[ rs \ Ç8ì (#Û^]&_ �/`Sä¡��G�H4JÚûÚK äx����Gâ . ��ïìÕ , rs \ Ç4|øì (�Û ÇaIbJ2Y�ûb[ i1,i2,. . .,in ä�/ ÿ=12 é � ð6H#J,û KÝäT; Õ , è/Ç8H�JFû KuM=O]ã6PcIOJ Y8ûb[1Ð�TG|âxS UV / ÿ�1=2&365<7 äfQ��4â . G|â�é , i1,i2,. . .,ik ä k-/ ÿ�1�2&3�5�7 é ���/ÓCá=â,ã�P , èIà�PFä ( I�JaY4û$[né � Ó )
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��� ì (�Û H�JÚûÚK M������ k- / ÿ�1�2&365�7 Ç��
	Cû 7 M=Æ��â . �8Ç#�=� , ¤�`G[â���	�û 7 M|Ç#@ A Ü (minsupNum)ä�<�Cð é_í_Öqì (�Û H�JFû K²M�O D ÐCÔ4á4ÓS U�V éYÑ�â/ ÿ=1�2�3I567 ä I é � , I ä ��� |nÓ1Ç6H#JFûáK�Ç2N�J&Y8û
[(Ç&M=O ä A éRG ânéÚÖ�Q�ï]âTS U�V / ÿ�1�2#3s5�7 � ,I ä
L�� , A äaP;û ü ì 1$y é � ð (I , A) J4/4Ð;Ñ8â ( W 1 ����� ).
[1] Æ�� , �����  �!$" Ç�J&/�¤�`�� Apriori /4?���ì ��2 äfo	 é � Ó�Ô*Õ ,

 �! äxE�ð�G ì (�Û H4JFûLKWã8P , � # � ð4@ A
�
	/û 7 M minsupNum ï(Å4Ç authority M=Ç�JT/6äf¤�`�G|â .b�d +*)<� ,

ÿ8(q7 þfrs5a7²t Ç Web
×=Ø Æ�� Õ , Ê4Ë��]Çí#î,=v]ä&�G . ����� , ä�å�æ�ç èé (UEC) K ê ÿ8( Ç Web×nØ ä&�=á4ð . èæà�� ,

7F5x^ Æ��=â uec.ac.jp Ç " Ð�Ö�øù b*E Ç K ê ÿ�(�� ø(ù���\ 1�2 é 
����6ó(ø;ù�æ�ç�� é �nÑÙ Q ó1Ö#ä�å
 �ÇnK ê ÿ�( Ö"'"!=��ÑSÙæÇnK ê ÿ�( Î=� Õ Ö$#P,Ð��4Ç " Ð�%�
$��áK ê ÿ�( ÑSÙæÎ���â .����  �! é � Ó�� , W 2 Ð��=G*Û ÜÚÐ;Ö - Ù,Ç Këê ÿ6( Ç
Y8ûK[;ã�P�ì (�Û ä�&aPIà=Ó6á]âCã�9=Ð�')( � ð FROM

 �!
( *&WCÅ ) Ö+- ÙÚÇnK ê ÿ�( Ç"Y1ûO[4Ð6ì (�Û ä�&1ÒCÓ(á|âYã�91Ð
')( � ð TO

 �!
( *&W " ) Ç 2 ���Sä&���;ð . +8��, ,

 �! 0
1 - FROM

 �!
=A 9�� , Këê ÿ8( A ÇfY�ûK[8ä IbJ]Ð ,b� ì(�Û H�JæûÚKqã�PR¤�`-#Ià8ð$J4/1äfQ$�_Ó�Ô Õ , èdà�� , A ã8PÞ Ó�ê4ë]Ñ$J4/[é Þ Ñ�.ìâ . - TO

 �!
=A 9�� , Këê ÿ8( A Ç

Y8ûK[1ä N$J=Ð ,$�8J�/8ä&�0/ � , A ÐSé,Ò�Ó�ê4ënÑ$J4/ é21�4â . èYÇ=Û|ÜdÐ , FROM/TO
 �! � , ÙÚÇøK ê ÿ8( ã8P Þ Ó / ÙÇøKëê ÿ�( Ð|éYÒ�ÓCê1ë8ã , éÚáUÜ43bJ=Ð#�nÒ�ð<J4/=ä&Q<�8âX/Ç6Æ=�8â .ï4Å�Ç����4ÐTo�p]í , FROM/TO Ç�����  �!�" Æ��5��GkâJ&/;ÇfM�O]ä&Q$� , J4/xM76 Ø Ç )6þ�~ ,�vnäf;���G(à7, , ����bV=Ñ�3KJ�ãaP,Ç Web J$w4� '1�y Ç�,�v bd äFÞa�8â [1].�"8�ï�9 , ��� � ð )1þ�~ ,�v é b�d
:*_ Ç4ôõkä�;4çSâ .

3. <>=?<A@CB �EDGF 
IHIJ
���PIà8ð FROM/TO

 �!�" Æ#Q�ï6ÒCð�J4/1ä(T|ÒCÓ , �_M��KFX_@;O0LYB�p4�=é F�M )6þ�~ ,=v]äf;��GkâYî1è/Ç )6þ�~��Ö�N6iT�4��Gkâ=J4/�*�Onä�%6ûK[ � Ó 1 �Yû K ( J4/�J$w&�'"P�y �YûÚK ) é � , �æû K Ø Ç�f� � äf�0Q�R8Æ4� � ð$XYÇ�Æ�8â_î]èÚà|Ð�Û|Õ , �,û KqÆ��S# à=ð�J�wT� '�P<y Ø Ç��4� �ä,å�ç(ó=GqiYÑnâ . ï4ð ,
)1þ�~ ,�vSÐTo�p8á8ð þ�( � () äÞSÒ;Ó , ê1ë=Ñ$�Fû K�äUT # Æ�í8â .

3.1 <WVWX ?�YSZ
FROM/TO

 �! Î�<�<PIà�ð éYí�Ç )1þ�~ ;��<�#��Ç4æ Õ î
3.1.1 �C: � v;�6�1±�[

FROM/TO
 �!�" Ç�J#/�ä , @ A �0	(û 7 M (authority M )≥

minsupportNum Ç 0*1 Æ�/ ÿ�P�2#3s567 �=�/û���ÐnÛSÕ Q� , �nèFã�P¡�f� � Ç�4â�Jf/4äT%;û*[ � JT/�J�w¡� '�P�y �ÚûKæé GSâ/î�1Ç�\8Ç#��]kí���ï " Ç#æ}Õ î
Step1( ^�_�` ): ��	Cû 7 M 60 ï6Å1Ç�J4/4ä UEC K ê ÿ�( |Zã8PRQ$�4â/î4�]èYã8P L��aY8ûO[�Î 2 ï6Å4Æ(Öba è Ñ$XYÇ1ä�cÕed�G � ) ] û�f?�J�/ Q î� � Ó UEC |=Z=ÇIì (Û ,�v=ãPdÖSèdàIP ) ] û�f�?�J4/6ÇCë�g]äih�j � Ó;Ô�iÝî
Step2: FROM/TO

 �! ä¡E�ð4G�JT/4äfQ��1â . è à�PdÇìÜ z , L�fY=û�[(Î 2 ñ�ï1Å�Æ , ã � , a è ( kSÇ�J�/8Ð�l � #Úà|Ñ;á )Ñ$J�/1äUm M î
Step3:

) ] û�f�?sJ#/6ãaPÚÖ�<��PÝànð FROM/TO
 �! äxEð#GaXYÇ8ä�m M .

Step4: Step2 Ö Step3 Ç�%aJ�/TM�OSä , * Ü �-` - P(û ü ì P�y
Y8ûK[1ä 2 ñ=ï4Å�n���G âT98Æ�* Ü
o Ð(ß�p , %$* Ü�o Ð"�1áÓ$JT/xMO]äT%;û$[ � Ó 1 �1Ç�JT/�J�wF� 'iP�y �æûÚKdéëG|â,î
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Fig.3: graph model (old)
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Fig.4: graph model (new)
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Fig.5: node model (old)

3.1.2 ±
²�³�´�µ¶�·�¶0¸U¹iº P$»�¼b½>¾
( ¿
À ,

¼U½>¾
) Á�ÂSÃÅÄ"ÀiÆ7Ç 3 È

ÇiÉ�Ê7Ë�Ì7Í�Î|Ï�Ð$Ñ , Ò
Ó�Ô G0 = (V0, E0) Ï�Õ�Ö
×-ØÚÙ V0Ï ¼�½Û¾ÝÜ Ê�Ä E0 ÏUÎ Ü ÊWÞ2×|ØUß¨à
1.
¼U½>¾

n1, n2 ∈ V0 á n�â0Ç"ã ½ä�å¨æ7»èç�½�é Ïbê
È0ë�ìâ�Ç�í�î ç�½�é Ïbê�È"É�Ê$Á�ïiÄ n1 Þ n2 Ç�ð
Ábñ�ò7Í åUó�ô
n1 → n2 Ä n2 → n1 ÏiÐ7Ñ�Øià
2.
¼�½Û¾

n1 Ç�ã ½�ä�åõæ$»bç0½0é á ¼�½Û¾ n2 Çií�î ç�½�éË0ö�ØbÉ�Ê$Á�ï"Ä"Ì$Í�Î n1 → n2 Ï�Ð7Ñ�Ø�à
3.
¼�½Û¾

n1 Á�÷$ø�ùØ ç0½�é ë-ú ¼�½>¾ n2 ÁU÷5ø�ùØ ç0½é�û Ç å�ó"ô áiü�ý ×Ø7Þ�þiÄ�Ì�Í�Î n1 → n2 Ï�Ð$Ñ�Ø .

3.2 ÿ��������	��
���� Æ����|þ�Á���� ¶�·�¶0¸è¹�º æ�» Ò�Ó�Ô á Õ�Ö��õù5Ø�à��Ç ¶�·$¶�¸�¹"º æ5» Ò�Ó�Ô"Ç���� �WÞ
Ã"!�Ä [1] Ë�ï$# 3 Á&%
×���'õÁ ¼U½>¾ Á)(+*+� ½�, Ï.-�/�01�2�1�5Ï+3�4$!14$0�à��
ù7ï�(+*.� ½�, Á��)�6587�×Ø ç
½�é+9 Á+:�;60=<$>$Ï8?@�$�A Ø$��ÞeË�Ä ¼U½C¾ ÁU÷7ø�ù|Ø ç�½�é+9 Ç&BC40Ï.D�EF� A Ø&0G Ë�ö H�0�à5ÃÅë-ÃõÄ�I�J0Á���Ç��2� ��ËiÕ�ÖWÃK0�Ò�Ó�Ô�Ï+3
4�! ¼U½C¾ Ç�Ó ó�L�ó Ò�ÏNM�4�Ó ó"ô �&O Ç ¼b½ ¾ Ç=P1QÏNRS 0Þ���T�Ä
Ò�Ó"Ô�Ç&U�V$Ï.W X|Á+D�E�ÃK0�Ó ó�L�ó Ò á�Y úù�!245Ø�ÞUï=Z5Ñ [ 4�É
Ê á \ ú2ù�0
à2]F��Ë�Ä1^�_ , # 4 Á
%
×@��'õÁ ¼�½ ¾ ÇF(+*+� ½�, Ï&`�a�ÃK0��2�1�|Ï+3�47Ø�à�]
Ã"!=b$c�×|Ø�Ó ó"ô&d Ç=e�f0Á��g� Ä�Ò�Ó�Ô.U�V7Á�ö H�0�Ó óL0ó Ò
Ï�Ñ7úõùØ��@'ÅÁ�×Ø�à
4. hjilknmporqtsnuwv
Õ�Ö��2ù�0 ¶�·0¶�¸b¹�º æ�» Ò�Ó"Ô�Á�ÂSÃÅÄ ¼U½C¾ Ç0Ó ó�Ló Ò�ÏNMr'4à��eù�Á��)�4Ä)x�� á=y2z�{ �õù�!14$Ø�ë=R |�×5Ø�à

4.1 ��}@~	������
ø�� [1] Ë�3�4�0�Ó ó"ô=d Ï.%�×�àF(+*8� ½�, Ï8-1�)ÃN0�Ò

Ó�Ô����$� ( # 3 Þ&# 5) Á Pagerank
· ��� å"��� Ï&W�3 Ã ,¼�½>¾ Ç�Ó ó1L�ó Ò�Ï+M@H10�à ¼�½>¾ i Ç�Ó ó�ô.� xi ï�� dË�Ð7Ñ10 :

xi = ε ×
1¼�½>¾�9 + (1 − ε) ×

∑

j s.t. (j,i)∈E0

xj × A [j, i]

2 ���������)���	���F� Letters Vol.6, No.1
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�����	��
���������� ���	��
��������
 : 3

[ � �	��
 ��
!�������
]
�#"#$

 : 300

%'&�(�) �
:
� &�(�) �

=10:1

1/21

10/21

10/21

*,+.-0/21	+�354�6
 : 

3/300 = 0.01

7#8'9;:<�=�<�>�?�@'A�B �	��


C
6: DFEHGJIS¥�¦?§�KML2Nª©U«¬|®°¯

Fig.6: node model (new)

�$��Ë , A [j, i] ï ¼�½>¾ j ë-ú ¼�½>¾ i
û ÇPORQTSVU�ÄXW óXY

ó Ò[Z 9 ε ï 0.15 Þ�Ã"0�à�ø20�Ä7Ó ó�ô]\T^ Á`_�4�!�ÄTa�[
Ø ¼b½ ¾ ð�Ç�Î$Á 1 b0Ëdc[e`fhgji åUó"ô á ÷7øiù�! 4�ùVk5ilRmon é ÄPpC!`eTfhg 5 å�ó"ô Ë�ö H�0�É�Ê$Á�ï25 lRmon é Þ
ÃK0�à 5 lRmon é Ç�É�Ê$Á�ïPi lRmon é ÁC��ØrqXsut5Z��)�vc
y�z`w7á]x 4uÞzy$Ñ�Ä{ORQRSuU$Ï çX| � æ7» Þ
Ã"! 1/10 })Ã
! 47Ø�à�� ��Ë1`�~��õù�0�P�ÇvOTQ�SuU�ï�(+*.� ½�, ÇvOTQ5Á
� ^ ÃK! , p��7ÇvORQRSHU$Ï 1 Þ�Ã"0�à

3.2 ��Ë�c S 0)�@'õÁ , ��Ç�Ó ó"ô8d ï , # 3 Ç�Ò�Ó�Ô&�2� �� Ë�ï , Ò
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Fig.7: Core-community graph (UEC) with top-13 nodes
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