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 <�+ =�> �:�� "�)�* ?5 �4� �� "�#5��+ ��9��, � ���#5

 @��-% �)�� �� ?,A�� B�������  �� C�� ��9��D5� �� �!$ �4� �5

�� ?,
��: 4� �� E��+ ��)�  "� �� ?/)5#� "),� �� ?+ �):

4� �� ���A,�� ���+ ���� "�)�* �5 �� (��  �%�'�'�% ��9��+ .��#5

��: (�G�� ��)� H$� �� ����65  ����� #5 �%��* ?+ =��

 &��
#  �5 � 4� �5 @��-% �� #5��+ ��, � �� �)>)� &�*�/�

B�I � &���9J ��)� �� <	,K� ?,6���  L�#K,�� ?5 �#5��+ ��9

� ���A,�� � B��� H$�M� 4� �� <	,K� ��9�#5��+ �� "� � #�

 4� "�#+ ���������)
[7][8]  "�� N�� �5 4� �$���+ �)��5 �

 ��-5 =+#�#5��+[14]� C,$�)�7� �� @.�� O$�,�  �� �)��5  ��9

?�%�  �9�[9][10][11][12] &��G% �� "�#5��+ ?5 P�+ �

�� Q)� H$� �� �#�$� ���)� � P���#,!7� .�����#I  

   �� 4� �� ���A,�� ���+ ���� ����� #5 ?+ �$�9�#5��+ �� �!$

?�����#  �2)7)�!% �������#R ?>)% ")��+ S��T�� ��9 UI =�� #$

[2] .���>� �2)7)�!% H$�  �� (#� �9�  �� ��#5��+ ��9��D �

V��� ?�����#  ��9 �8W$� � XY�* N��� #5 ��  "�#5��+ ��9

�ZK:  �)%)� P$ N��� #5 ��$�#  H$� .��): ����

�ZK:  N��� #5 �� &�$),�� ?+ ��$ C��Z% C,6�� P$ � ����

�� X��T% #5��+ �� [�� P$ �� &�). ��9� #�8 N��� H$� #5 .�

?�����#  #5 ��,�� �#5��+ P$ �� ���	+ #Z�* S��T�� ��9  �#$UI

;��> #5��+ [�� ��R ?\ #9 .=�� #5��+ [��  &�*�/� ���� � #%

�ZK: #,�5 �&�*�/� B$��� � �),�� ��:�5 �#,��5  ����

��  .��#8  

 �� ?7�'� H$� ����: ;$�)% #�8��$ ��%���%� ���D5� "�)�* ?5 �

 =�> ��: ���A,�� 4� "�#5��+ =+#� �� ?,A�� B��� L�#K,��

�� ?Y��� �7��,�� ;$�)% P$ ]7�R �� B��� H$� .=��  ?+ ��#8

 � =�� 4� �� "�#5��+ ?��#�:��+ ��, � ��� V
 ��$�#5 ^#-�

�� ?, #8 #M��� 4� �� #5��+ �� �7�� "�)�* ?5  #5 ���* .�):

� N��� #5 ���$� H$� �
�$� ����� ?Y����� ��: � #-� [�  [1] 

 �%_��,�� ;$�)% �=�� 4� �5 ?5��� ���,
�� ��G$� ?5 ���R ?+

?��: (�G�� �5 � ��G$� "�#5��+ ��, �  ���, � �)�7� H$� �����

 V�)%��: ;$�)% #�8��$ ��%���%�  O$�,� .=�� ��: L�#K,��

?��: ���� �� "��� D�� �9  ?+ �9���: ;$�)% #�8��$ ��%���%� 

 ��$�#5 ?+ "�#5��+ =+#� �)��  &_��,�� ;$�)% =�� ���R

�D���� B�I � B��� �^��9� �XY�* ��9 ?,6���  �� =�� "�#5��+ ��9

 =��  ���-,� ��9�#5��+ ����� �������I [�� .��+ L�#K,��

 �� ���$� �� �
#5 ?+ ]3[ ]4[ ]14[ .=�� ����  
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      �� .=d�� ��d: �9������d� &�)d. H$�5  ?7�'� H$� ?����

�)�: � #5��+ ���67�� ()�A� ���#5 ?5 �(�� BK5   ()d�#� ��9

 �d� (#� &������ ���:�� #5 ��,�� #5��+ ���67��   �� .C$���#dI

   Pd�+ ?d5 ��)>)� ?�����#  H$#,8�D5 "�)�* ?5 �� 4� ()� BK5

[�� ^�#8 ����8W$� � ��#+ �      �d��#5 �� 4� ^�#d8 [�d� ��d9

��   �� ��d: �d #-� [�� �&�*�/� H$� N��� #5 .C��+[1]  ?d+ ��

 =dd6�� � 4� ���dd67�� ��#dd5   � ��ddG$� 4� �� "�#5��dd+ ��dd9

?, �$ 4� �� �
#5 �� @.�� &�*�/� N��� #5 "� ��9 =$��   ��d9

      �� .�#d+ C�9�)d
 �d #-� =d�� ?d, #8 ��#R ���#5 ��)� e�D5

BK5  � #-� H�
 �()���: ;$�)% #�8��$ ��%���%�    �d��#5 ?d5

  �(��dd�\ BddK5 �� .=dd
��#I C�9�)dd
 "� ��dd9�#5��+ �� �dd
#5

 ����� #5 4� �� "�#5��+ ��, � L�#K,�� C,$�)�7�  #�8��d$ ��%���%�

��: ;$�)%    =d�� ���dR C,$�)�7� H$� ?+ ��� C�9�)
 "��� � ?Y���

   5��d+ =d+#� ?d5 f)5#� �%_��,�� ;$�)%  L�#K,d�� �� 4� �� "�#

      �� ��d: �d #-� [�d� &�d*�/� N�d�� #5 �CG�I BK5 �� .��+

 BK52?��: �� ���A,�� �5 �     BdK5 �� ��d: ?dY��� C,$�)�7� ����

 ?��d: H$� �	�* O$�,� ���: ��G$� [�� �� (���\    ?dY��� �� ���d�

�� �#�8 ?G�,� ?7�'� �$��� BK5 .��� C�9�)
 .�:�5  

  �� ����� ������
"4�����5 K�,L4� ��. ��M3 2.

?�����#  �2)7)�!% S��T�� ��9  #$UI (AH)�ZK: ���>�  ����

(#� ?�����#  #5 ��,�� ��#5��+ ��9��D �  � XY�* N��� #5 �� �9

�8W$� �� ���� ?5 �"�#5��+ ��9  �9�[2]. �ZK: ��$�#   ����

#5� �#5��+ P$ ?���� �ZK: �)%)� P$ X$#/ �� ��  � ����

 C��Z% �� X��T% #5��+ �� [�� P$ #5 �� &�*�/� ?+ ��$  �9�

�� &�).  ��,�� �#5��+ P$ �� ���	+ #Z�* N��� H$� #5 .�#�8

?�����#  #5 S��T�� ��9  [�� ��R ?\ #9 .=�� #5��+ [�� �#$UI

 B$��� � �),�� ��:�5 �#,��5 &�*�/� ���� � #% ;��> #5��+

�ZK: #,�5 &�*�/� �� ���� �� P$ .�): �� #5��+ [

?*)�G� �� <$#-% �%�*�/� ��9��,
�� �� ��  ��#5 ?+ C��+

:�:�5 ��: ���#/ #$� ���)� �� ��)� ��\ �$ P$ B$���  

<7� -  �$ <$�h� �&���>#% �^��9� �B��� ���5�� &��
#  B$���

�$���)% ."�#5��+ <	,K� Q�)�� �� �#,��5 �$ Q)� P$ ��9  

4- �8W$� B$���  �,�ZK: i#,�� ��9 ]7�R �� "�#5��+

��#8 ���� ���5  

L- ?,�� �#8#$� �� #,��5 �$ P$ �� "�#5��+ ���5 � �9  

� - �#�
J #5��+ ��, � ����  

� - @��-% ?'5�� N��� #5 #5��+ ���5�� &��
#  =
��  

� - .��#8 P$ ?5 "�#5��+ �� ���$� ���-% @��-% X5�)� C��-%  

 C,6�� P$ ��)�* ����-�AH � �� � @!:1 �� ���5�[2] H$� .

 � ���9� j$�#� ^#/ .=�� ��: C�6'% BK5 �� ?5 ����-�

j$�#� ^#/ .���#�8 j$�#� ^#/  #5 �� #5��+ ���7�� ���9�

P��5 �� ?+) C,6�� �5 "�#5��+ B�+�#% &�*�/� N���  ��9

 #�M� C,6�� �%�*�/�Log @$�   �� �)>)� ��9

j$�#� ���9�  �ZK: &�$��%/&�*�/� � (=�� �)>)� 4� ��9

 L�#K,�� �� =�� ��: ���� C,6�� ?5 ?+ #5��+#9 �5 V�%#�

�� [�� H$� .��+  �?�����#  ���� ���$�I �5 ]�+#% �� #5��+ ��9

 P$ V�)%"C��Z% �)%)� �ZK: � ��� ����+"  ���A,�� ��)�

�� ��#R ��� �% �#�8.��+ nK�� �� "�#5��+ ��9� 

 
 @!:1 :S��T�� ?�����#  #5 ��,�� �#5��+ P5 ��)�* ����-� #$UI  
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 ?5 �� �$�9)�7� ?�����#  C,6�� P$ ?5 ��#,�� �� #5��+ P$

�� B$���  .���U8P��!%  n�K�% ��#5 H�:�� �#�8��$ ��9

CM� �R�5 &�#o� �� �)>)� ��9  ?, #8 ��+ ?5 #5��+ @��-% �� �����

��  [�� �� ��K5 � ��: ?\��1!$ #�$�!$ �5 �9)�7� H$� .�):

�� @�!�% �� #5��+ P��!% =$����� .�9�  H�:�� �#�8��$ ��9

[�� ��#5 �	-  ���6�� ��, � ����� ���A,�� ?5 �� �� �)�: �� ��9 

[�� ��#5 (#� &������ �� S)� #5��+ ����  �2)7)�!% .��9�

 ?Y��� <$#-% �5 @Y�6� ��#5 ��$#'% 4�)> P$ �(#� &������

�� ��� H$� .���+ @� �� �9 [�� ����)% V��� �� �� #5��+ ��9  �$�9

 �� &�*�/� ��)
��5 ?5 �	$��% "�#5��+ "� �� ?+ ?�����#  #�M�

 (���9%@��-  (��% @��+ <$#-% ?5 ���R D�� "���#/ � ������ "�:

 �� .���+ ���$� ���,6�� H!�� &���-%[5][2]?.�
  �� ��

P��!% ?!�: @��:) (#� &������ <	,K� ��9  ���Z* ��9

C,$�)�7� C,6�� � ���  XT�� �P�,�2 ��9  �)>)� (��� �#� ��9

[�� ��#5 .=�� ��: ?Y��� "�#5��+ ��, � ����  

[�� 9�� �� ��: ��G$� #5��+ �� <7� #M�� �� �� "�)%-  "�D��

?��� �$ �8�D5  4  � [�� �,:��-      ��dG$� [�d� �� ���A,d�� �)d��

���  "� �#5��+ � ��:   [�d� �[�d� �8�D5 #M� �� .�#+ ���5   �� �d9

�� [�� :�#+ C�6'% ��#8 �� ?5 "�)%      #5��d+ Pd$ ��#d5 ?d+ �$�9

�� ��G$� �#A��  �� ���� ?+) ��#8Content-based Modeling   �d$

[�� �� D�� �),�� #5 ��,�� ���� [�� � (��$)8     ��#d5 ?d+ �$�d9

�� ��G$� "�#5��+ �� �$��9�#8   �� �d��� ?+) ��):Collaborative 

Modeling �� D�� �9�#8 ���67�� �$     �#5��d+ ?d��> �� .(�d�$)8

   [�d� ��#d5 �#5��d+ Q)� ���\    �d� <d$#-% �d9   B�dI :�)d:   ��d��5

����I?,�� ���        �d$ �d
#5 =d�� ���dR [�d� #d9 .B$_�I � ���5

.�9� B:)I �� �9�#5��+ H$� ����%  

 E�
    �� H��/  3.

")�	�� @��: ?+ =�� �$)I ^�#8 P$ 4� ^�#8   [�d$� �#8 �9

  4� &��Ad.  �� �!$ ���9� "��� 4� ^�#8 �� �#8 #9 .�:����

[�$ �     �� 4� &��Ad. "�d�� �)d>)� ��9��)�I�#  �^�#8 H$� ��9

�� B$���      �d��#5 ?d5 ����d65 &�d'�'�% #�
� ���7�� �� .�9�

�8W$� ���,
�� ��9      ��#d5 � ��dZ% ��d9 [�d� ?Y��� �4� ^�#8

E�� � 4� ^�#8        ^�#d8 Hd$� �� &�d*�/� L�#K,d�� ��#d5 �$�d9

    L�#K,dd��  ���dd5 �� &�dd'�'�% Hdd$� �� �dd�K5 .=dd�� ?dd,
��#I

�8W$�  �� ���A,�� �5 ^�#8 H$� ��9Crawler�� � �9��  @.�� ��9

 ��Crawling W$�  �� �p-5 .�:���� 4� �� �8  ?5 4� ^�#8 � �9

.=�� ��: ���� q#: H$� ?���� ��  ��Z,
�  

    �4� �� ��d: ��9�d�� �d8W$� H$#,��� :���)% ")��R ;$�)%

;$�)% �)>�     ���d,�>#�r ^�#d8 .=d�� ���)% ")��R ��9G   ��d* �

 �A��#�r s��.K  ��*  .=�� ��: ���� �����  ��  ?dT5�� X�/

1 �� <$#-% #$� :C��+  

����� �
|� ∈"���∶$%&�� ���|

|"���|
    (1) 

  ��*�����  �#d8 �d.�� �     ?d>�� �d5 ��d9K   ^�#d8 �� ��G 

�� nK��      ?d>�� ;d$�)% C�$)d8 .�d�+G    ���)d% ")��dR Pd$ �� �

�Power-Low� �� =�-�%      ?d>�� #d9 ��#d5 #d8� ��+K  ?,d:�� �

:C�:�5 
����� � )�*+  (2) 

 ?T5�� ��2  #$��'�c � + .��,69 =�t� =5�o ���*�  

^�#8   ?d>�� ;$�)% �5 4� ^�#8 #�M� �-R�� ����� [�� ��9

�� ������ ������ �� @',6� ^�#8 _)�-� ���)% ")��R   O$�d,� .��):

����� ?>�� ;$�)% ����� 4� ^�#8 ?+ =�� ���� "��� &�-7�T� 

  ���dd'� �dd5 ���)dd% ")��ddR + � 2.1 � � ���dd'� �dd5 �dd>�#
 ?dd>� 

+ � 2.45  �$ � + � 2.7 .=��  

 �8W$�Small World ^�#8 �� :G �#8 "��� ?	.�  �   ��d9u 
 �v  �5 �� $(6, 8) �� "���  [�d$ ���-% �5 #5�#5 �� "� � C�9�   ��d9

 "��� #�6� H$#,9�%)+ P$u  �v  �d� <$#-%    &�)d. ��) .C�d�+

 �5 #5�#5 ���'� H$� �#�6� H$� �)>� (�* 1   ���d'� .(=��L(G) 

@!: ?5 ��  ?T5��3 �� <$#-%  :C��+ 
9(�) � ∑ ;(<,=)

|>|�<.=?∈>     (3) 

  ?+S ?*)�G� �#8 =A> �� ��  ��DG� ��9u  �v  ^�#8 ��G  �5

 ?+ =�� �8W$� H$�$(6, 8) =�6� .=�� �9��,� �L(G) ?	.�  �

 V�),�G  �8W$� .=��Small World �� 4�G$�  ?+ ��+L(G) 

�� P\)+ ���65 =6$�5 ?5 .�:�5 ^�#8 ?�%#� �� #%  [�t� "�)�* 

9(�) ∈ @(log|"(�)|) ���#5 .   4� ��)� �� ��: E��D8 ��9

�� "��� ?+ �9� 9;(A) � 19  �$ � 9;(A) � 16  � 

9;(A) � 6.8 .   

 ^�#8 #TRG  �5 ?+diam(G) �� ���� "���    H$#,d��5 �)d:

 ���'�$(6, 8) �#8 (��% ���� ?5 ?+ =��    ��DdG� ��d9u  �v  ��

 ^�#8G  O$�,� .=�����#5  �9 ?+ =�� ���� "���  4� ^�#d8 VR

 ��900 #,��5  .=��  
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 :4� ���dd67��)% �dd5dd>�dd8W$� ?dd5 ?  ��)+Udd� ��dd9 �� �dd!$

B7�\  �� &�'�'�% �� C�� ��9 ��)� d5 �)�� 4� ?  "���� =d��

    �d� 4� �d5 "�#5��d+ @d��-% �� &�*�/�     H$#d,��� �� �d!$ .�d:�5

E��   #5��d+ [�� �� ���A,�� ����� �)>� �)M�� H$� ��#5 ?+ �$�9

�� .=dd�� 4� ��[1]     N�dd�� #dd5 ?dd+ =dd�� ��dd: ?ddY��� �7�dd�

�8W$� �� �4� ^�#8 [�� ��9 =6�� ���)%    4� �� "�#5��d+ ��d9

 ?��d: ��        ;dd$�)% �[�d� Hd$� �� ?d.�
 &�)dd. ?d5 .�d�+ ���d�

��)�I  �#8 #9 �>�#
 ��9   ���)d% ")��dR ;$�)% ;5�% �4� ^�#8 ��

 ��ddG$� ���dd�� "�dd�� =9��dd: "�Ddd�� N�dd�� #dd5 &_�ddZ%� .=dd��

��      "�d�� �d���	R� ?	d.�  �� �-5�d% ����� "��� =9��: � ���#8

   ?d+ =d�� ����#5 ����� �[�� H$� �� 4� ?�A. #9 .=�� �����

    Hd$� �d5 #h�d�,� Q)
)� �5 ?�A. H$� f��%�� "�D�� "� ?A7)� #9

A7)�     <d$#-% @d5�R � =d5�o &�*)d
)� ���-%) .�9� �� "��� �� ?

    ���d* &�)d. ?d5 Q)
)� P$ �5 ?�A. #9 f��%�� "�D�� (.=��

 ?�9 ��#5 ���� Q)�G� ?+ ��)/ ?5 �): �� "��5 P$ � #A. H�5

 �$�9��)�I ����� ?�A. #9 H��w�9 .=�� P$ �5 #5�#5 &�*)
)�

;5�% �9��)�I H$� ���-% .=�� #�$� &��A. �5    ���)d% ")��dR ;$�)%

.=��  

 ��7 8��	) ��/��� ��)�
�)-  4.

  ;d$�)% #�8��$ ��%���%�    ?!�d: ��d:    ��d%���%� ����d-% �� ��

 ���!�9 #�$�!$ �5 nK�� ?7�6� P$ @� ��#5 ?+ =�� #�8��$

�� .���+[15][16] ;$�)% #�8��$ ��%���%� P$  �� �� ��:    �d5 "�)d%

=�> ^�#8 P$  ?+ �%�). ?5 .�#+ [�� ���?*)�G�  �#8  "� ��9

?*)�G� ��       �#d8 #d9 �d>�#
 ��d�7�$ � #�8��d$ ��9�%���%� �� ��

 .=�� �#8 "� �5 #h��,� #�8��$ ��%���%� �5 #h��,� [��*� ?*)�G�

�� 4�K,�� �� �)
 [��*� �� �!$ �%���%� ?+ �����9  �$�%���%� ���+

       ����� ��#dR @d�* "� �d5 #h�d�,� [�d$ ��d�,�� #d�$� �� ?+    [�d- 

��  �� [�t� "�)�-5 .�):  @!d:2    �d%���%� #d92    #d8� .���� (��dR�

 ��%���%�1A  (��R�3α    ��d%���%� ��d��� ��d�+ 4�K,�� �� �)
3A 

 ��%���%� ��-5 (�8 �� .�: �9�)
 [�- 3A   �� �)d
 [��*� �� �!$

�� 4�K,��       �d%��)%�� �� �d!$ "�d: [�d-  ?d5 #dG�� ?+ ��+   ��d9

 ?5 @Z,� #�8��$ ��      ��d%���%� Pd$ Vd'  ?dM�7 #9 �� .�):

 ;d$�)% #�8��$ ��%���%� �� #�8��$    �d� [�d-  ��d:  .�d:�5   &�)dZ5

  ;d$�)% #�8��d$ ��%���%� P$ �����    �d5 ��d:n    #�8��d$ ��d%���%�

 ^�#dddd8 Pdddd$ Vdddd�)%�A,E� �dddd� <dddd$#-%  ?dddd+ �)dddd:

{ }nAAAA ,,, 21 K=   � �ddd%���%� ?ddd*)�G�AAE ×⊂ 

?�7 ?*)�G�  ?�7 ?+ ��)T5 =�� ^�#8 ��9�i,j�   (��dR� �5 #h��,�

ja  ��%���%� ��iA #�8��$ ��%���%� [��*� [��,�� ���#5 #8� .=��

jA  �5
jp    ��d��� ��)d: ���� "���j

mp    @d�* 4�dK,�� [�d�,��

mα  #�8��$ ��%���%� ���� "��� ��   4�dK,�� [��,�� ?+ �9�

#
 ?ddd�7 �ddd>��j,m� ?ddd�7 "�ddd�� ��  �#ddd8 �ddd>�#
 ��ddd9j 

�� �:�5[6][15][16].    

 
 @!:2 :��%���%� #�8��$ ;$�)%  ��:  

  �� ���9+��  ��Q7 8Q��	) ��/��� ��)�
�)-   �Q�' 5.

>������ ���! ���/���  

  =dd�> ��dd: ;dd$�)% #�8��dd$ ��dd%���%���  ���A,dd��  �� @dd�R

       ��#d5 �d
�$� [�d� Pd$  �"�#5��d+ =d+#� ;$�)% ;5�% L�#K,��

  .�)��� ?Y��� 4� �� "�#5��+ =+#�  

  �d5 ?,668 "��� P����$� C,6�� P$ ���+ x# n   =d7��

(1,2,…..,n)  �5 4� �� ��K5) C$���n   =d7�� #9 �� .(4� ��� I  

��� #9 ��) I( ?*)�G�  C��dZ% �� ��    [#d,�+ �d$ �d9   ��d9 J(I) 

  �d� x#d  ?,
��:�� �[#,�+ H$�) .���� �)>�     Hd$� �� �d� � �)d:

�� #5��+ ��, � �� "� ?7�'�    �Dd���� �� =d�� ��d�$�#5 ?+ C����   ��d9

=
��: �X$�* ��9 =��9J      �� &�d*�/� ���d�-� �H�d��I ��d9

� �� #5��+ V�)% ?+ �#�$� @��* #9 � 4� ��,6�=+#� (�G�  �9

   =d7�� Pd$ �� .(=�� #o)� 4� ��9��)�I�#  4�K,�� �I   C,d6��

 [#,�+ �5J(I)   [�d�,�� �5 � (#5��+) KLM(6)    =d7�� ?d5I   #d��y%

�� =7��     ?,
��d: (��d+ z�d9 {�5��)� [��,�� � [#,�+) .�9�

.(��,6�� ��:  

;5�)% ?*)�G�  
    N � �O|O(I)PJ(I)     I � 1,2,3, … . , R? 

 ?7���� .�$#��5 #M��� �� �OS, OT, OU, … … . ?  f#: �5 OV ∈ N 

V
 P$ ���  ������ �� ���+ x#  .�):�(O)  [��,�� j$#%��

 �U8O ∈ M .�:�5 
[�(O)]LM � KLMWO(X)Y              I, Z � 1,2,3, … . , R   

 ��� V
 #9 ��#5[ � \O0, O1, O2, … … . ^  :C$��� 
Pr(_X`X% Ia b `X XIc% d|eRIXI`f _aX`X% Ia g `R$ h Ia 6a%$) �
[�(OS), �(OT), … … , �(OViT)]LM  
 ���#5 �#�8��$ ���: ;$�)% #�8��$ ��%���%� �� ���A,�� �� ^�9

P��7 4�K,�� ?5 f)5#� [��,��  |�
 ��� V
 P$ N��� #5 �9

3A

jA

1A

3A

2A

2α

3α
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?�)�� �� ���A,�� �5  x#  #8�) .=�� �#�8  ��� �T
 �C��+

��� #��y% #5��+  (.��+  

�� =7�� P$ ��       �� �,
��d: z�d9 ?d+ C�d�+ x#d  C���)%

#�� i      #dM� ?d5 #,7)d'-� "� x#d  ?+ �,7��) C$���� #5��+ ��9

�� (���  H$�#5��5  ��d: ;d$�)% #�8��$ ��%���%�    ;d$�)% =d$��� ��

 Pd��7 4�K,�� �7��,��        "�#5��d+ XdY�* �d�$�#5 N�d�� #d5 �� �d9

�dd�� Vdd
 �dd5 <dd	,K� �dd� ��dd$ &��ddA,� ��dd9  C,$�)dd�7� .�#dd�8

 C,$�)�7� )=�� ���� ?���� �� ��)� H$� ��#5 �������I1 .(  

�� =7�� P$ ��  �� �,
��: z�9 ?+ C��+ x#  C���)%

#�� i  #M� ?5 #,7)'-� "� x#  ?+ �,7��) C$���� #5��+ ��9

�� (��� #5��5 H$���: ;$�)% #�8��$ ��%���%�  ;$�)% =$��� ��

P��7 4�K,�� �7��,��  "�#5��+ XY�* ��$�#5 N��� #5 �� �9

��� V
 �5 <	,K� �� ��$ &��A,� ��9  C,$�)�7� .�#�8

 C,$�)�7� )=�� ���� ?���� �� ��)� H$� ��#5 �������I1 .(  

  �� ���A,�� @�7���: ;$�)% #�8��$ ��%���%��$���)% �  �� "�

 ��%���%� �#�$� &���* ?5 .=�� 4� �5 #5��+ �	��-% ��, � L�#K,��

P��7 4�K,�� [��,�� ;$�)% ���),5 �$�5 #�8��$  #9 �� �)>)� ��9

 ��),�� x#  H$� ?$�I #5 ��$� H$� .�#��5 �#  �� #5��+ V�)% ?�A.

C,$�)�7�  �5 ?5��� #�8��$ ��9�%���%� �� ?w���\ ?+ =��  ��9

���A,�� �� ��:   ]3[  ]4[  ���#5 �&�). H$� �� �C��+ ���A,��

(��R� 4�K,�� ?5 f)5#� &_��,��  V�)% �9 ;$�)% #�8��$ ��%���%�

��: P��7 4�K,�� �7��,�� ;$�)% �5 �=$��� �5 ��  #5��+ V�)% �9

 ?�ZR ]7�R �� �� Q)
)� H$� .�: �9�)
 #5�#51 �� "��5 C��+.  

 "�SD1     ?d+ �d��+ x#d  : �jk( )    d�,�� ;d$�)% ���#d5 [�

P��7 4�K,��  ?�A. ��9 �L  &�). H$� �� .�:�5 �9#5��+ V�)%

#8�9lL
m          (��dR� ?d5 f)d5#� [�d�,�� ���#d5 ��d�9� "�d��   ��d9

��%���%�9lL    �$���5 �� jIk    X5�dT� ��d: ��� ?5 � #5��+ H���

 C,$�)�7�1  s��. ���*� ��:�5 NS > 0  � p > 0 ?5  ?d�)8  ��

: ?+ ����� �)>� 

∀     R > NS     r9lL
s * �jk�t�r

T
< p  

  :��,U�    ? �d
� #$��d'� V�),� ���'� ?�pR H$� &��o� ��#5

      (��dR� ���#d5 �� �#�8��d$ �d�$�#  �� (��d: ?,d��+ �$) ��:   ��d9

  �� �� #�8��d$ ��9�%���%� �� P$#9    ��d: ;d$�)% #�8��d$ ��d%���%� 

     �d��+ x#d  .�#d+ C�9�)
 ���#59lL   �d5 #h�d�,�LA  � i �� 

DLA  � �:�5 ?7�6� �`I
Z    #�d�$��� Z      (�dG�� @d5�R (��dR� H�d��

 ��%���%� V�)%9lL      "�d: [�d-  ?d5 #dG�� ?+9lM  �d�   ��)d:

(��ddR� ���-%.�dd:�5  ��dd%���%� Vdd�)% (�ddG�� @dd5�R ��dd99lL  در

DLA ��  wL  �dd� #dM���   �d� x#dd  .C$#d�8  C�dd�+KIZ
�   ���dd'�

   [�d$ [�d�,�� ;$�)% ?5 f)5#� [��,�� "IZ
�     �d5 #h�d�,� ^�#d8 ��

��: ;$�)% #�8��$ ��%���%�    ���d'� �d
�$� ���� .�:�5 {�5 ��)�

 V�)% ��: ?, #8 ��T
 �$ E���I9lL     �d� ?�d���� ��   .C�d�+

:=�� �)Z,� =7�� �� ���'� H$� ?����� ��#5  

1-lL   (��ddR� `I
Z #dd+ 4�ddK,�� �� �dd5 X5�ddT� (��ddR� Hdd$� � ��

 C,$�)�7�1 .=�� ?, #8 E���I  

2- 9lL  (��ddR�  `L
m   � ≠ Z   (��ddR� Hdd$� � ��#dd+ 4�ddK,�� ��

 C,$�)�7� �5 X5�T�1 (��R� ?G�,� �� �) =�� ?, #8 E���I`I
Z  �T


(=�� ?, #8 
   ���d'� ��#d�9 ?5 �� =7�� �� H$� [��,�� "�D�� #8� H$� #5��5

    #dM��� =d7�� �� Hd$� �� P$ #9 �� ��: ?, #8 ��T
 �$ E���I

       ��� #d9 �� ��d: ���� ��dT
 �d$ E���dI Vd�),� ���'� C$#��5

 (��dR� �� P$ #9 ?5 E�)��     �� #�8��d$ ��d9�%���%� ��d9  ��d%���%�

��: ;$�)% #�8��$ �5 �)5 �9�)
 #5�#5: 
  

  

  

KM
myT � KM

m + {LW1 * KM
mY 

∀X ≠ Z     KV
myT � �1 * {L�KV

m 

{L
s|} � ~W{L

��; , �Y 

 V+��	G��1: 

1- W�DLA .$� ��X�� ���� H��/ ��+(�� �� �<���� 

2- �� ��/��� ��)�
�)- �. ������7 8��	) ��/��� ��)�
�)- ��� Y�X4� �� ��� ��
��D� 

a..�)�
�)- �� W� �. ���
��D� "� Z	��
 E��+!� ���#
  $Q� 
.����#
 (
5��\) >�� Y�D) �(�	*�� 8��	) �� C��L
 �� ��/��� ��

)KM
S � T

�<V;|��||����
 ( 

b.   ��� Y�X4� �� ���/��� �+
���3 "� Z	��
 "���� 
.����#
    

c.k=0 
3-$� ����) ���� �	'� ������ "� "��4�
� �)  �� ��� 6!��
 

a. �*� W� "� ����� �. ���� ��I    �*� "� Z	��
 W*�� ��<+4� � Z   �*� �� I  ��� Y�X4� �� ��� 6!��
 

i.Y��D� "� `I
Z    C��L
��� 0����  ��� ^���3 

  

ii. ��/��� ��)�
�)- "� Z	��
 ���/��� �+
���3  V�_*) ��$� ){L
s|} < {L

��;( 

b.k=k+1  
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�w%�`w$ � "w%�`w$ z ��%R`fX� � "K%RfX� �             (4) 

KiZ
� � {I

XW1 * �Z
XY * {I

X � KZ
X�1 * KiZ

�� � {I
X�KiZ

� * KZ
X�   

 ?T5��4 �� ����#5 &�). ?5 �� :��� B$��� #$� @!: ?5 "�)% 

9lL
VyT � 9lL

V z {L
VW�jk( ) * 9lL

VY       (5) 

V�1: ���#5��t��1  �A��1  ���#5 .��
�#A�A��1  =5�o [)/w 

) ����|W| � �   D�� .( |t|1 � |A|1 � 1   ���#5 �� #9)

�9���#5�  �� �#�8��$ ��$�#  P$ �/ #8� .(��,69 �%_��,��

 (�8 #9 ?T5�� X5�T�6  @�* :C��+  

tXz1 � tX z {X(A * tX)				0 u {X u 1     (6) 
&�). H$� ��fIc

X→∞
tX � A    

     "�d�� �d$�5 =d'�'� �� �_�d5 V5��� ����9 #�6A% �5 :&��o�

 ��9���#5 H�5 ?$��� �C�9�W  �X     ?d5 "��d�� � B9�d+ [�� ��

:C$��� �#�> #M� ?T'� �� ��� .=�� #A.	
	A * tVyT � A * WtV z {V�A * tV�Y �	
�1 * {V��A * tV�                                       (7) 

:C$��� �U7 

‖A * tR‖1 � �1 * {0�R‖�A * t0�‖  (8) 
 ?T5�� 8	  ?+ �9��� "���X     =�d� ?d5 =d$��� ��W   @d��

�� �� D�� ����9 #M� ?T'� �� ��� .��+    ?d$��� ?d+ ��� "��� "�)%

 ��9���#5 H�5Ajjjk  �tjk .=�� B9�+ [�� �� �#�8��$ ��$�#  ��  

 "�,7 F��+4 ����  �. 6.

?��: (�G�� ��#5 ����  �9 N��� #5ALG2  :=�� ��: @�* 

 
  �� ��dd: �dd #-� [�d�[1]   � 4� &��Add. @��dd: �dT���

�� C9�#  �� "� "�#5��+     Hd$� �� [�d� Hd$� �� ���A,�� =$D� .��+

�$���5 � "�#5��+ n�K�% ?+ =��  4� &��A. �� ��: (�G�� ��9

  Xd�R� ���d65 [�� H$� �� ���A,�� �5   �d� #d%     &�d�	�* ?d5 � �d:�5

���� B$_�I      ��d9#,����I �d$�5 ?d,�7� .�)d5 �9�)K� �>��,�� D�� �9

� �� @.�� ?G�,� �% ���#8 C�M�% =R� ?5 [�� H$� �� ��: � #-

   ?d7�'� Hd$� ��  .��#d8 �-R�� V��� �5 ?5��� "�    ?dR�* @d$� �#I

")��R ;$�)% &�)Z5 "�#5��+- &�)Z5 ����� ��),�� ;$�)% � ���)%

   ���A,d�� ��d9#,����I #$�� .=�� ��: ?, #8 #M� �� [��#� ;$�)%

 �� ��: H$�?��: ��#5 [�� �   =�d6R Hd$� �� ��: (�G�� ���$��

 [��> ��1  .=�� ��: ���� "���	
[��> 1?��: [�� �� ��: ���A,�� ��9#,����I : ����  

[�Z%� ��G$� ?��,�� ��  7/0  

"�#5��+ ���-%  10000  

����� ���-%  20  

Q)
)� ���-% �9  5  

�)  &�*)
)� �� (=$�� ?�7�� ?�A.) ?�7�� ��� =5�o ���'�

<	,K� 

2/0  

uα")��R ;$�)% #,����I -"�#5��+ X$�* [��,�� ;$�)% ���)%  1  

φ��� P$ ��9��� �� �, �$�� E���I ]$#
  2/1  

λ#5��+ P$ V�)% ��� P$ �� &�*�/� 4U> ]$#
  5/0  

mµ  [��#� ;$�)% H������  
97/5  

mσ  [��#� ;$�)% j��$���  
25/0  

pα ")��R ;$�)% #,����I- ������ [��,�� ;$�)% ���)%

 ��� #9 ��#5 ]7�T�  

3  

tσ  ��#5 �#8 P$ B$�D � ���'� ��#5 [��#� ;$�)% j��$���

|�
 Q)
)� P$  

25/0  

θ#5��+ ?R�* B9�+ ]$#
  1  

)G,6> ?���� ��#5 #5��+ S��,:� @R���  2/0  

=6�� N��� #5 �4� [�� ^�#8 ��G$� �� jI   �"�#5��d+ ��9

��: ���$� "�#5��+ ��#5 ?R�* ;$�)% P$    ���#d5) .=���jk�t�	  ��

 ?�pR1   ?��d: "�#5��d+ �?d	�#� �� H$� �� jI .(     #d5 ��d: ���d�

?R�* ;$�)% N���          N�d�� #d5 � "�#5��d+ ��#d5 ��d�� =d�� ?d5

 C,$�)�7�DLA_WUM �� ��r� �� 4� �� =+#�   .���+  

 ��9���#5 ?6$�'� ��#5�jk�t�    (��dR� [�d�,�� ���#d5  �   ��d9

 #�8��$ ��9�%���%� ��  #�8��d$ ��d%���%�   ��d: ;d$�)%�DLA �� ��  �

        #$��d'� @d
�A% Q)d�G� �[�� ��d�-� .=d�� ��d: ���A,d�� ���-�

P��7  �� P$#9 ?5 f)5#�  ^�#8 � 4� ^�#8 �� �9DLA  =K$#�9

  �d$�#��9 "�D�� H��-% =�> �Z
�: "�)�* ?5 ���-� H$� ."� �5

 ���#5DLA  ���#5 ?5�jk�t�    ��d�-� .=d�� ?, #8 ��#R ���A,�� ��)�

 ��,6��9 �(�� �#5 H�5 ��9���jk�t� (��R� [��,�� ���#5  �   ��d9

#�8��$ ��9�%���%�    "�Dd�� ?+ �:����    �� Hd$� �dT
 ��,d6��9

 ���#5 �� "��� ��,6��9 .��!�� H��-% �� ���#5X �Y  ?T5�� X�/

�)��� ?����� #$�.	

�t,� �
��t��*��t�����

���t2�*�2�t�����2�*�2���
				�9�		

?��:  ���-% ��#5 ����2000      .=d�� ?d, #8 &�)d.  #5��d+

v
tM∆
v
tM∆

ALG2:  Procedure DLA_WUM 
  Input: Graph W= (V, E),Iteration; 
  Output: User_Action_Probability; 
Begin 
  Construct a DLA  from W;     
  Iteration=0; 
  Repeat 
   PathLen=K;       

Node=Home_page; 
   While     PathLen >0       do  
                 nextNode=node.getNextNode(node); 
                           Reward(DLA[node][nextNode] ); 
                                        PathLen=PathLen-1; 
       node=nextNode;  
          end while 
                                evaluate Convergence ,Correlation; 
  Iteration=Iteration+1; 
End DLA-WUM;  
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(��R� [��,��         [�d�,�� ;d$�)% ���#d5 ?d5 #�8��d$ ��d9�%���%� ��d9

�� P$�D� �#8 #9 ��� #5 �9��)�I 4�K,��     #$��d'� @d
�A%) �)d:

C9 � #% P\)+  ?5 ���#5 �� H$� ��,65 ��*1 �� #% P$�D� (�):  

  ���/ "X�+4  7.

 #5 ��,�� �, ��9� ?7�'� H$� ��  ��d: ;d$�)% #�8��$ ��%���%� 

V��� �� "�#5��+ ���67�� =�>      .�d$�#8 ?d$��� ��d�)�I�#  ��9

?��:� ��)�% O$�,�  ?+ �)5 "��$)� �����%���%�   ;d$�)% #�8��d$ �

���67�� � 4� �� "�#5��+ ��, � L�#K,�� ?5 ���R  ��:   #d5 #5��+

      �����d��I [�d� .�d:���� 4� ��,
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  L�#K,dd�� �� #5��dd+ ��dd, � � 4� ��,
�dd� �� ?dd,A�� Bdd��� �*)d�

��  �4� &��A. ��� #5 �7��,�� ;$�)% P$ ]7�R �� �� "� � ��+

�� N#,�� ��   .���U8  

  
@!: 3�#5 ?5 f)5#� ���'� @
�A% ���-� : ��9���k(t)  [��,�����#5 �

(��R� �#8 #9 �� #�8��$ ��9�%���%� ��9
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