
���������� 	
 ������	��

�
�� �� �� ������� �
�� � 
��� �������� �
�� ���� �� � �������� �
���� ��

������  ��!�� "�����

��� 
��� ��#�� �
�� �� �� �������� ��� ������������ �� ��� ��������$
��� �
�� ��� ��� ��� ��������� ��%#���� �� �
� &���

��������' ��������� 
��� ���� ����(

)�( *������ ����������
���� �� 
��#��� �������

��'���#�� �� 
��#��� �������

)���

+��)���� �",		-



��� ����� ��	�	�
 ����
���� �	� ���������
	 
� �	�������	�

������	� ��
� ��� ����

� �,����
��.�����) �	 �,� 
�"�-�� 	
 �,� +��)���� �",		-

	
 �,� ���������� 	
 ������	��
.�

������  ��!�� "�����

�� /�����- 
�-
�--���� 	
 �,� ��0���������

	� �,� )�+��� 	


)	"�	� 	
 /,�-	�	/,�

)�( *������ ����������$ �������
���$ 1222



�� ������  ��!�� "����� 1222



���������	
����


���� ��� ��������$ �3� ��!� �� �
��! �� 4��� ����
 ��� 
�� �#����� �� ��� �
���� ��
�� ����( �3� ���� ��!� �� �
��! �� ������� *������ ���������� ��� 
�� ������$ '#������$
��� ��������( �#!#�� )��
����� ��� /��'5���' ��� ������� ������ ��� �
� ����

�#�� �
�� �#� �� ����'���' �
�  ����
� ������$ 4�����' ����$ ��� �#����' �����5
������( +���'� 6������ �������� �
� ����#�� ������� ��#����� #��� �� ����#��� �
�
����������� &����( 
������$ �
��!� �� �� ������� ��� ����'��' �� #� �� �� �
� ����
�� ������ 4
� ���#���� ��������� ��� �� �
��� /
) �
��'�(

�



�
������

��� ����� ��	�	� �� �
� ����������� �� ���� �����' ���
��%#�� ��  �� ����!������
���� �� ����� �� ������� #��'� ��������( ��  �� ����� ������#� �� '��4 �� ��7� ���
����������$ �
� ���#��� ��  �� ���'� �����' 
��� ������ �������� ��� � �#���� ��
������������ �#�
 ��  �� ���� ����'�$ �#������ ��� ���!����' �������� �#�����$ ���5
������7�����$ #�������� ��#����$ ��� ���4��! ���Æ� ��������( �
� �4� ��8�� �
�����'��
�������� ��  �� ���'� �����' ��� ������������' �
� ��4 ���� �� ������� �� ���#����
����#�� �� 
�4 � ���� �� ����' #���$ ��� &������' �
� ���#��� �� �
� �����#� ���� ���5
��' ��'����
�� �� ����� �� ������� ���� �
� �#��� ��� �������� �
�� ��� �����������
����������'( �
�� �
���� �������� ��� ����� �� ���
�����#�� ��� ��'����
�� ��� ���5
������'  �� ���'� �����'( �� �������� ����������� �����4��! �������� �� �� �
�
�	
��
����	 ����� �� ��������� �� ������� ��� ������� �����$ ��	��	�$ ��� ���������
����������� ���#� �  �� ����( �
� ����������� &���� �#����������� ������&�� �
�
���������� �������� �
�� 
��� � 
�'
 ��'��� �� �#�8������ ����������'����( �
� ���#���
�� ����������� 4��
 �
� ����������� &���� �
�4 �
�� ����� �� �
�#����� �� ����������
�������� ��� �� �������� ���!�� ��������' �� ����������'����$ �� ��&��� �� �
� ��5
������� ���� � �����&��� ��� �� ������������ ���#� �
� #��'� �� �  �� ����( ����$
�
� ��������� ����� ��� ������������' ����!������ ���� ��� ������&��$ ��� ��'����
��
��� ���
 �� �
��� ����� ��� ��������� ��� ������ �'����� ���� ���� � ���'� ����������
��������  �� ����( �
� ���#��� �
�4 �
�� ������ ������������'$ ����#���' �
� ��5
����������� �� !��4���'� ���#� �
� ���#��#�� �� �  �� ����$ �� ��%#���� �� ������
������'�#� #��'� ��������(

��



��������

� ���������	�� �


 ��
���� ���� �

1(9  �� ���'� �����' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( :
1(9(9 /��������7����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 92
1(9(1 ������ ����������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 99
1(9(; ���� ����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 91
1(9(< .#������ �������'���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9;
1(9(=  �� ���'� "
��������7����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<

1(1 )�������� �� ����������' /������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9=

� ���� ������� ��� ���� ����
	�� ��

;(9  �� )��� ��#���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9:
;(9(9 ������5-���� "��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9>
;(9(1 "����� -���� "��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 1;
;(9(; /���� -���� "��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 1<

;(1 )��� �������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 1=

� ��������� ��� ������� ����������	�� 
�

<(9 ���#��#�� /�����������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 1>
<(1 "������ /�����������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ;<

<(1(9 "������ ���'� ���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ;=
<(1(1 ���� /�����������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ;?

� ����� ����������	�� ��

=(9 ������ ������� ������&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( <9
=(9(9 )��� "������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( <;
=(9(1 ���� ��� ������� ������&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( <:
=(9(; /�'� ���4 ������&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =1
=(9(< /��
 "��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =>

=(1 ������� ������&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?1
=(1(9 +������ ������� ����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ??
=(1(1 /�'� ���� ���
�� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?:
=(1(; ��������� -��'�
 ���
�� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?@

���



=(1(< ������� 
��4��� ��������� ���
�� ( ( ( ( ( ( ( ( ( ( ( ( ( ( :;

� ������� �	��� ��! ��

?(9 	������4 ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( :<
?(9(9 ����������� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( :<
?(9(1 
��%#��� �������� ��� ����������� �#��� ( ( ( ( ( ( ( ( ( ( ( ( :=
?(9(; "�#������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( :?
?(9(< "�����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ::
?(9(= ��%#������ /������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ::
?(9(? )��������� �������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( :@

?(1 ��'����
�� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( :@
?(1(9 
��%#��� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( @2
?(1(1 "�#������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( @9
?(1(; "�����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( @<

� ������� "��
!�	� ��

:(9 ����#��� �� ����������'���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( @@
:(9(9 )�������� /��������� ��� �� ����������'���� 
����4��! ( ( ( ( @>
:(9(1 .������� ��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( >1
:(9(; /����������5.�#�� ��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( >;
:(9(< )�������5�
���� ��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ><
:(9(= ����������� ��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( >?
:(9(? "��������� �� ��������� ���
������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( >@

:(1 ����������� 
����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 922
:(1(9 �#�8������ 
����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 922
:(1(1 	�8������ 
����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 92<
:(1(; �
���
���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 92=

:(; �������� 0#����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 92?
:(;(9 ���'� �������� 0#����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 92?
:(;(1 ���#��#�� �������� 0#����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 999
:(;(; "������ �������� 0#����&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 99;

� ����������	�� #$���	%���� ���

@(9 )��� ���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 99@
@(1 ������� ������&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 919
@(; /��
 "��������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 91;

@(;(9 ������  �� ���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 91;
@(;(1 )������  �� ���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 91=

@(< ������� ������&������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 91@
@(<(9 /�'� ���'� ���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 91@

��



@(<(1 ����
���� )��� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9;9
@(<(;  �� ������ )��� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9;=

& ������� "��
!�	� #$���	%���� ��&

>(9 
��%#��� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9;>
>(1 /�'� 
��� 
��%#��� �������� ����#� ���#��#�� ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<<

>(1(9 ����������� "��������� �� 
��%#��� �������� ( ( ( ( ( ( ( ( 9<<
>(1(1 "�������� "��������� 4��
�#� 
��%#��� �������� ( ( ( ( ( ( 9<:
>(1(; ����������� 
����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<@

>(; /���#�� ������� "�#����� ����#� "������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9=1
>(;(9 ,����'���
 /���#�� "�#����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9=;
>(;(1 "������ "�#����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9==

�' ����
��	�� ��&

(	)
	�����*! ��


�



���� �� ��	����

9(9 ,�'
 -���� ��� ����� ��	�	� /������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 1

1(9  �� ���'� �����' �������
 /��8���� ��� /���#��� ( ( ( ( ( ( ( ( ( ( @
1(1 ��8�� ����������� ����� ���  �� ���'� �����' ( ( ( ( ( ( ( ( ( ( ( ( >

;(9 )�������  �� ���'� �����' /������ ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9@
;(1 ������&��  �� ������ )��'��� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9>
;(; �������� ��� /�'� 
��� ��%#��� ��� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( 12
;(< ������ �"-
 -�' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 11

<(9 ������ /�'� ���4 ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ;9
<(1 �������  �� ���� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ;1

=(9 )������ �� ���'� /�����������' ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( <1
=(1 ������ ���'� )���( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( <<
=(; "����� ���� ������&������ ���
���( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( <@
=(< 
��� �������� ��� A91;(<=?(:@(>B��7����B<(1 C ��>@$�DE ( ( ( ( ( ( ( ( =;
=(= ���#��� �� ������� ������&������ ,�#������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =<
=(? ������� 9 /�'� ���4� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?2
=(: ���#��� �� /�'� ���4 ������&������ ��'����
�( ( ( ( ( ( ( ( ( ( ( ( ( ( ?9
=(@ /��
 "��������� ��� ������� 9( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?<
=(> /��
 "��������� ��� ������� 1( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?=
=(92 ���#��� �� /��
 "��������� ,�#������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ??
=(99 �#�������5����� ��� �����5	��� ������� ����� ( ( ( ( ( ( ( ( ( ( ( ( ?:
=(91 �#�������5����� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?@
=(9; �����5���� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?@
=(9<  �� /�'� 
��� ��������� -��'�
� C�������D ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?>
=(9=  �� /�'� ���4 ��������� -��'�
� C�������D ( ( ( ( ( ( ( ( ( ( ( ( ( ( :2

?(9 �#����� ������ ���
��� "�����&������ ������� ( ( ( ( ( ( ( ( ( ( ( ( @=

:(9 .������� "������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( >1
:(1 /����������5.�#�� "������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ><
:(; )�������5�
���� "������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( >=
:(< �5����� ��� "���������� ������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( >>

��



:(= )�������5�
���� "���������� ������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 922
:(? )������� ����������� 
����� ���
�����#�� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 92:
:(: )����� ��( ���'� "�#����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 992
:(@ ������ �������� /���� ��� ������ +���
� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 99<
:(> ���#��#�� ��( ���'� �#�8������ ����������'���� ( ( ( ( ( ( ( ( ( ( ( ( ( 99=
:(92 "������ ,������
� ������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 99:

@(9 -��'� �5"������� ���� ��� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 912
@(1 ��
��� ��� ������� ������&������ ����������� ( ( ( ( ( ( ( ( ( ( ( ( ( 911
@(; ��
��� ��� ������ /��
 "��������� ���������� ( ( ( ( ( ( ( ( ( ( ( ( 91=
@(< ��
��� ��� )������ /��
 "��������� ���������� ( ( ( ( ( ( ( ( ( ( 91?
@(= ������� ����� /�'� ��������� -��'�
� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9;2
@(? ������� ����'����� /�'� ��������� -��'�
� ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9;2
@(: ,����'��� �� +�������� )��� ��������� -��'�
� C�������D ( ( ( ( ( ( 9;;
@(@ ��
��� ��� ������� ������&������ ���������� ( ( ( ( ( ( ( ( ( ( ( ( ( 9;?

>(9 ��
��� ��� 
��%#��� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<2
>(1 ��
��� ��� /���������� ����������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<=
>(; ��
��� ��� /���#�� "�#���� ����������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9=;
>(< /���#�� "�#����� ���� ,����'���
 /����������' ( ( ( ( ( ( ( ( ( ( ( ( 9=<
>(= ����������' /���#�� "�#����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9=:

���



���� �� ��
���

;(9 
��%#����� ���� )�&������� ��� ������������( ( ( ( ( ( ( ( ( ( ( ( ( ( 1:

<(9 �������� "
������������� ��  �� /�'� ����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ;=

=(9 ������� ������&������ ,�#������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =9
=(1 )������� 
#������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =1
=(; /�'� ���4 ������&������ ��'����
�( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =?
=(< 
���-��! ��� ����������4 
#�������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( =@
=(= /��
 "��������� ,�#������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ?;

:(9 ����������� 
����� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 929
:(1 "���������� ��� ����������'���� �� .�#����� "���� ( ( ( ( ( ( ( ( ( ( 92;

@(9 )��� ���� ��� ����#����� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 99>
@(1 "��������� �� �/B�'��� ������� ,�#������ �� �������� ������� �)�( 911
@(; /��
 "��������� ��� -��'� �5��������  �� ����( ( ( ( ( ( ( ( ( ( ( ( 91:
@(< �#���� )���������B����� /������� ����������' �#���( ( ( ( ( ( ( ( ( ( 9;<
@(= ����� �� �������� "��&����� �� ���#�� "��&����� ( ( ( ( ( ( ( ( ( ( 9;<
@(? �������� �� ����������� �#��� ���� +����� ����
 ( ( ( ( ( ( ( ( ( ( ( 9;:

>(9 -��'� �5�������� ���� 
��%#��� ��������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<9
>(1 /�'� ���4 
��%#��� ��������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<1
>(; -��� 
���� 
��%#��� ��������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<1
>(< .��� 
���� 
��%#��� ��������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<;
>(= .��
 
���� 
��%#��� ��������( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<;
>(? ����������� 
��%#��� �������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<?
>(: "�������� ����� 4��
�#� � 
��%#��� ������� ( ( ( ( ( ( ( ( ( ( ( ( ( ( 9<@
>(@ 
��%#��� �������� 4��
 ,�'
 �#�8������ ����������'����( ( ( ( ( ( ( ( ( 9=2
>(> 
��%#��� �������� 4��
 -�4 �#�8������ ����������'����( ( ( ( ( ( ( ( ( 9=9

����



������� �

������������

�
� #�� �� 
�������� ���!�� �������� ������#�� �� ������ �� �� ���7��' ���� �� �

����#� ��� ����#����' �#������ ��� ������������' ����������� ��� �
�  ����  ���

 ��( ���� 4��
 �������' ��������� ��� ���
����'�$ �
��� ��� ���� �
�����'�� �
��

�#�� �� �������� �� ����� �� �
���#'
�� �����7� �
� #��'� �� �  �� ����( )���'� ��

�  �� ���� ������� ���#�� ��'���7��' �
� ����������� �� ���
 ��'� ��� �
� 
��������

���!� ���4��� �
� ��'�� �� � 4�� �
�� ����� ���� ���#��� �� �
� ���� #���� �� �����

�� ���������� �
��� ���4���' C��� �������� �#��
����'D( 
�� ����� �����$ �� �������#��

 �� ����'���3� ���#����� ����' 4��
 ���� �����'
����4��� #��'� ���������� ��� ��

���%#��� ��� ���������' ��� ��������' �
� #����3 ���4���' ��
�����( ,�4����$ �� �
�

��7� ��� ���������� �� �  �� ���� ���������$ �
� ������ ���������� �������� �� �������'

 �� ��' �������� ����� F:$ @$ 9<G ��� �����%#��� ��� ��������' ������'�#� ����'
� ����


�4 �  �� ���� �� ����' #���( ��� ����� ��	�	�$ 4
��
 �� �
� ����������� �� ����

�����' ���
��%#�� �� ���'�  �� ���� ������������$ ���� ��4���#� ���
��%#�� �� �
�

����� ��������� ��� �����7��'  �� ���� #��'�( 
�'#�� 9(9 �
�4� �
� 
�'
 ����� �����

�������� �� �
�  �� ���'� �����' /������(

��  �� ���'� �����'$ �� 4��
 ���� ���� �����' �������$ ��8������ ����#���

�#�
 �� ������� ��� ��	���	�� F12G ��� ����� #��� �� ����� �
� �#���� �� ����������

�#��� �� � ����'����� �#����( ,�4����$ 
�'
 �
���
���� �� ��8������ ����#��� �����

���#�� �� �������� �
�� ���� ���&�� �
� �����#�$ ��� ��4 �
���
���� #�#���� ���#��

�� �� #�����'����� �#���� �� �#���( 
�� �������$ ����#��� �
�� ��� �H���� �� �
�

9



1

Preprocessing Pattern AnalysisPattern Discovery

Content and
Structure Data

"Interesting"
Rules, Patterns,

and Statistics

Rules, Patterns,
and Statistics

Preprocessed
Clickstream

Data

Raw Usage
Data


�'#�� 9(9I ,�'
 -���� ��� ����� ��	�	� /������

���� ��'� ���4 4��� ����� ������ �� ���������� �������� �� ����' 
�'
�� ����������(

,�4����$ �
��� �������� ��� ��� ������#����� #���#� ��� ���������' � ���! �#�
 �� ���5

������7����� ��  �� ���� ����'�( )���������� �����' � �������������� ��� � ����#��

�
�� �� ������� �� ����� �� �
� #��� ���� ��� ����������� 8#����� �
� ������� �� ����

�����'( 	�� �� �
� ���� '���� �� ������� �������� �� �� ������ �� ������� C�� �������

�� �
� ���� �� ���������7����� �� ���� ��
�� ����5���� ���!D �� ����������' ��������

�
�� ��� �� ��������� ��������( �
� ��&������ �� ����������'���� �� ����� �#�8������$

��� ����� �� �
� ������ !��4���'� �� �
� ������#��� �������(

�
�������$ �� ����� �� �� ��#�� #���#�$ � ���
�� ��� ���!��' �
� ���#��� ��  ��

���'� �����' ��������' �� �#�8������ ����������'���� �� ��%#����( �
�� �������� ���5

�#�� �#�� �� ���� �� ������� ��� ������� �
� �������� '��
���� ���� �
� �������

��������� ��'����
��$ 4��
 ������ !��4���'� ���#� 
�4 �  �� ���� �� �������� ��

�� #���( ����' 4��
 �
� �
�����'� �� ��&���' � �#�8������ ����������'���� �����4��!

����� �
� �
�����'� �� �#����������� %#��������' ������ !��4���'�( ���� �� �����



;

�����4��! �� #������ 4��
�#� � ��� �� ������ !��4���'� �� ������� �� �
� ����������

��������( �������$ ���� ��#���� ��
�� �
�� #��'� ����$ �
�� ��� ���������� 4��
 �����

 �� ����$ ��� �� #��� �� �#����������� '������� � ����#�� ��� �� ������ !��4���'�(

�
��� ��� ���� !���� �� ���� �
�� ��� �������� �� �
�  �� ���'� �����' �������(

�
�� �
���� ������&�� �#�
 ���� ���� �
� �����4��' �����I

� �������+ �
� ���� ���� �� �
�  �� ��'��$ �(�( �
� ���� �
�  �� ��'� 4��
����'��� �� ������ �� �
� #����( �
�� #�#���� �������� ��$ �#� �� ��� ������� ��$
���� ��� '���
���(

� ���������+ )��� 4
��
 ��������� �
� ��'���7����� �� �
� �������( �	��������
���#��#�� ����������� ����#��� �
� �����'����� �� �����#� ,��- �� J�- ��'�
4��
�� � '���� ��'�( �
� ��������� !��� �� �	�������� ���#��#�� ����������� ��

����5���!� ���������' ��� ��'� �� ����
��(

� �����+ )��� �
�� ��������� �
� ������� �� #��'� ��  �� ��'��$ �#�
 �� �/
���������$ ��'� ����������$ ��� �
� ���� ��� ���� �� ��������( ���������$ �
�
#��'� ���� ����� ���� �� �������� "����� -�' 
����� C�"-
D ������ ��'(

� ���� ���,
�+ )��� �
�� �������� ����'���
�� ����������� ���#� #���� �� �
�
 �� ����( �
�� ����#��� ��'��������� ���� ��� �#������ ���&�� �����������(

�
� ����������� �������� �� �
� ���� ��#���� ������ ����� ��� ��� �� #��� ��

������#�� � ���� ����� ���������' �� ������� ���� ������������$ ������� ������ ����

������ �����������
�� ������ ������	�$ ��� ��������( �� ����� �� ������� ���� ������5

����� �� �
� 4�� �
��� ����� ��� ��&���$ �
�  ;"  �� "
��������7����� ��������

C "�D F9=G 
�� �#����
�� � ����� ��  �� ���� ��&������� �������� �� �����7��'  ��

#��'�( � ��'� ���4 �� ��&��� �� ��� �� �
� &��� �
�� �������#�� �� �
� ������5����

������������ ���� �� �
� ���#�� �� � ���'�� ��#�� A����!E �� � #���( � ����!5������ ��

�
�� �
� ��%#���� �� ��'� ���4� �
�� ��� �������� �� � #���( � ������ ������� �� �
�

����!5������ ��� � ���'�� ����� �� � #��� �� �  �� ����( 
������$ �� ������� �� � �#����

�� ��'� ���4� ���� � ������ �������( �
��� ��&������� 4��� �� ����#���� �� ���� ������

�� "
����� ;(



<

�� ����� �� ������ �
� ���� ����� ����#���� �����$ ��'��&���� ���#��� �� ������5

������' �#�� �� ���������(  �� ���'� �����' ������������' �������� �� ���������'

�
� #��'�$ �������$ ��� ���#��#�� ����������� ��������� �� �
� �����#� ��������� ����

��#���� ���� �
� ���� ������������ ��������� ��� ������� ���������( �
� ��������� ���5

&�#����� �� ���������' ������������' ��� � �����' ���'��( �� �
� ���
����'� #��� ��

������� ������� ���� �
�  �� �
��'��$ �� �� �
� ������������' �
�����'��(  
��� ���


�� �
� ����� ������������' ����� ������� ��������$ �
� ��Æ�#��� �� ���������' �������

����� 
�� �
��'�� ������������ ��  �� ����� 
��� ����� ���� ������ ,��- ������ ��5

������ �� �  �� ������$ �� ������� ������� ������� ���� ���
��������� ������� �������

��� ���������7����� �����( .��
 ������5���� ����� C�('( ���4����D ��� ������5���� �����

C�('( ������� �������D 
��� #����'��� ������� '���������� �� ������������ ����� �
�

��������� �� �
�  ��( �
� ���� ����� �
�� 
�� �������� ���������� �������� �� �
�

��������� ���
����� 5 �
� ,�������� ��������� /������� C,��/D( �
� �#���������

�
������������� �� �
� �#����� ,��/ ������� ��� ���������� #��
��'�� ���� �
� ���'5

���� �������( ,�4����$ �� �
�  ;" 4��!� �� ������� �
� A���� '���������E ��������

C�������� �� �� ,��/5�+D$ ���� �
� A���������E �#�
 �� � ��������� ���������� ���

��������� C�
� �������� �� A���������� �����������E �� �������� �� ������� ������5

����� ��� 4��� '������ ��������  �� ���'� �����' ������������'D( �
� ���
���

��������� �� �
�� �
���� ��� �� ����#�� ��� ���������� �� �
� ������5���� ��� ������5����

���
����'���$ �#� ��� 
������ ��������� �� �
� �������������� �� ��������� ��������(

	��� �
� ��4 #��'� ���� 
�� ���� ������������ ���� ������ �������� �� ��������$ �

�#���� �� ���
��%#�� ��� �� #��� �� �������� �������� �#�
 �� ����������� �#��� F12G$

��#����� �� ������� ��'�� �� #����$ �� ��%#������ �������� F:2G( �� 4��� �� ����#����

�� "
����� 1$ �
� ���������� �������� ��� �
�� �� #��� ��� � ������� �� ������������$

�#�
 ��I

� ���� )���'� 5 ����'���7����� �� �
� ���! ���#��#�� �� ������� �� �
� ��'�� ��
��K��� ���#�� #��'�(



=

� .#������B���!����' )������� �#����� 5 ������������� �� ������ ��
������ ��
������ �� #���� 4
� ������� ������� �������$ �#�
 �� �#��
����' ����
������(

� /��������7����� 5 �#�����7����� �� ��'� ���4� ����� �� ����������� '�����
���#� ���
 #���( �
�� ��� ����#�� ������� ������' �� ����5���� ����������
�� ����#��'� A�����5�����E ��� A#�5�����(E

� ��������� ��#���� 5 ������������� �� ��������� %#�����(

� ���#���� 5 ��������� �� A#�#�#��E �������� �� ���#�� ����(

� ���4��! ���Æ� �������� 5 ������������� �� �%#������ ��%#�������� ��� ����
�������#���� �� ����� �� �Æ������� 
����� ���� ���Æ�(

���
 �� �
���� ������������ ��� ����&� ���� �������� �
�� ��� ���!�� �� �#�8������

����������'����( ���� �� �� ������ ���� �� �������� �� ���!�� �� �#�8�������� #������5

�����'$ �
�� ��� �� �� ���#�( 
�� ���� ����'�$ �
�� ���&��� �
�� �
�  �� ���� �� ����'

#��� �� ��������( 
�� ���#���� ������������$ �
� ���! �� #��������� �������� ���������

������
��' �� ������(  ��
�#� �� �#������� ���!��' �� ���
 �#�� �� ����������' ��

#�����������'$ �� ������� �#�� ���#���� ���� �
��#'
 �
� ������ ���� �� ���#���( �
�

���� �#�8�������� ����������' �#�� �� ������� ��� �� ������ �������!�� ����' 
#������

�� #�����������' ��������( �� 4��� �� �
�4� �� "
����� @$ � ������� ��� ��� ����

���! ����������' �� &��� '�����(

�
�� �
���� ����� � �#���� �� 
����
���� ��'�����' �
� #�� �� �� �������� �������5

���� �����4��! �������� �� �� �
� �	
��
����	 �����( �
� �	
��
����	 ����� �� ��&���

�� "
����� :$ ��� �#����������� ���!� ���������� �������� ��������' �� �#�8������ ��5

��������'���� �� ��������' ��� ��������' �����$ ��	��	�$ ��� ��������� �����������

���#� �  �� ����( �
� 
����
���� ����#��I

� 
��%#��� �������� �� ��'� ���4� ��� �� �������� ���!�� ��������' �� �#�8������
����������'���� �� ��������' �
� �������� �� �
� ���� ���#��#��(

� "�#����� �� ��'� ���4� ��� �� �������� ���!�� ��������' �� �#�8������ ��������5
��'���� �� ��������' �
� ��#����� �� �
� ���� �������(



?

�� ����� �� �H�������� ���� �
� ����������� &����$ �
�� �
���� ���� ��&��� ��� �����

� �#���� �� ������������' ��'����
�� ��� 
�#�������( �
� ������������' 
����
����

����#��I

� �
� ����������� ��������� �� �� �"-
 ��' �� �#Æ����� ��� ���#������ ����������'
������ ��������(

� "�����5���� ���
��' �� ��'� ���������� ��� �� �������� �������� ���� �
� �������5
���� �� �� �"-
 ��' ��� � ������  �� ����(

� �
� #��'� ���� �� � ��'� ���4 ��� �� �������� �� �
� ���#�� �� ���� � #���
����� ���4��' �
� ��'�(

�� ������������  �� ���'� �����' ������ ������ �
�  �� ���� ����������� 
��5

��� C ����
�D ������ 
�� ���� ����'��� ��� ����������� �� ���� �
� 
����
����

������ �����( �
� ����� ���&�� �
� �4� 
����
���� ������� �� �
� ����������� &����$

��� �
�4 �
�� ����� �� �
�#����� �� ���������� �������� ��� �� &������ ��� ���!��

��������' �� �#�8������ ����������'���� �� ��&��� �� �
� ��������� ���� � �����&���

��� �� ������������ ���#�  �� ���� #��'�( �
� ���#��� �� �
� ����� ���&�� ��� ��

�
� ������������' 
����
���� ������ �
� &���( 
�� �������  �� ����� �#�
 �� �
�

���� #��� ��� ���������� ��������$ � �������� ����� �� ������� ������&������$ �#�


�� ���!��� �� �������� ������� �)�$ �� ��������� �� ���#������ ���������� �
� #��'�

����(

�
� ���� �� �
�� �
���� �� ��'���7�� �� �����4�I "
����� 1 ����#���� ���!'��#��

��� ������� 4��!( "
����� ; �������� �
� ��������� ���� ��#���� ��� ���� �������'

��%#���� ����� �� ��� ��������( �
� �����#� ��'����
�� #��� �� �
�  ����
� ������

4��� �� ��������� �� "
������ < �
��#'
 :$ ��� ���#��� �� ����������� #���' �
�

 ����
� ������ 4��� �� ��������� �� "
������ @ ��� >( 
������$ "
����� 92 ��������

� �����#����(



������� �

	
���
� 
���

���������' ��� #�����������' 
�4 �
�  �� �� #��� �� �� ������ ���� �� �������


�� ���
 �
� �������� ��� ���������� 4�����(  �� ���'� "
��������7����� ��  ��

������� ���#��� �� �
� ���������� �� �
� ������ C�� � ���'� ������� ��D  �� ��� 
�4

�
�  �� �� #��� �� � 4
���(  �� ���'� �����' �� �������� ��� �� ������� ��&���

�� ����' ���������� �� �������� �� ��
����� ���  �� #����(  �� ���'� �����' �� �����

���������� �� � ���'�� �� ����� �#���� �� �����( �� �������� ��  �� ���'� �����'$ �
���

�� ���� �#�
 4��! ����' ���� �� �
��������7� �
� ���#��#�� ��� ������� �� �
�  ��(

�
� ���#��� ��  �� ���#��#�� �����' ��  �� "������ �����' ��� ����� ��������� ��

'�� ������'�#� �������� �#� �� ��� ���������� #��'� ��������( �
��� �� �� ������ ����

�� �������
 ������� �� )��� �����' ��� /������ )�������� ��'����
��$ ����������� ��

��� ������#��� ������( ����� �
��� ��'����
�� ��� ����'��� �� �
�  �� ���'� �����'

�������$ �
�� 4��� �� ��������� ���������� �� "
����� ?( 
������$ 4��! ������' 4��


�
� ������&������ �� ����������' �������� ���� �
� ��� �� ���������� ��������$ ����'

4��
 ��������' 4��
 #����������$ �� �������� �� &������' �
� ���#��� �� ���  �� ���'�

�����' �H���(

��� ��
 ���	� �����	

 
��� �
� �#���� �� ��������� ���������� �
�� ��� �� #��� �� ��������  �� ���'�

�����' ���8���� �� ����$ �
��� ��� &�� ��8�� ���������� �
�� ����� �� ����� ���8���

:



@

Project Application Data Source Data Type User Site
Focus Server Proxy Client Structure Content Usage Profile Single Multi Single Multi

WebSIFT General x  x x x  x x
SpeedTracer General x x x x
WUM General x x x x x
Shahabi General x x x x x
Site Helper Personalization x x x x x
Letizia Personalization x x x x x
Web Watcher Personalization x x x x x x
Krishnapuram Personalization x x x x
Analog Personalization x x x x
WebPersonalizer Personalization x x x x x
Tuzhilin Business x x x x
SurfAid Business x x x x x
Buchner Business x x x x x
WebTrends,Hitlist,Accrue,etc. Business x x x x
WebLogMiner Business x x x x
PageGather,SCML Site Modification x x x x x x
Manley Characterization x x x x x
Arlitt Characterization x x x x x
Pitkow Characterization x x x x x x
Almeida Characterization x x x x
Rexford System Improve. x x x x x
Schechter System Improve. x x x x
Aggarwal System Improve. x x x x
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♣ WebSIFT
♣ WUM
♣ SpeedTracer
♣ Shahabi

♣ Site Helper
♣ Letizia
♣ Web Watcher
♣ WebPersonalizer
♣ Analog
♣ Krishnapuram

♣ Rexford
♣ Schecter
♣ Aggarwal

♣ PageGather ♣ SurfAid
♣ Buchner
♣ Tuhzilin
♣ WebLogMiner

♣ Pitkow
♣ Arlitt
♣ Manley
♣ Almeida
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  IP Address     Userid       Time Method/ URL/ Protocol Status Size Referrer    Agent

123.456.78.9   - - [25/Apr/1998:03:04:41 -0500] "GET A.html HTTP/1.0" 200 3290     -     Mozilla/3.04 (Win95, I)

123.456.78.9   - - [25/Apr/1998:03:05:34 -0500] "GET B.html HTTP/1.0" 200 2050  A.html     Mozilla/3.04 (Win95, I)

123.456.78.9   - - [25/Apr/1998:03:06:02 -0500] "POST /cgi-bin/p1 HTTP/1.0" 200 5096  B.html     Mozilla/3.04 (Win95, I)

123.456.78.9   - - [25/Apr/1998:03:06:58 -0500] "GET A.html HTTP/1.0" 200 3290     -     Mozilla (IE4.2, WinNT)

123.456.78.9   - - [25/Apr/1998:03:07:42 -0500] "GET B.html HTTP/1.0" 200 2050  A.html     Mozilla (IE4.2, WinNT)

123.456.78.9   - - [25/Apr/1998:03:09:50 -0500] "GET C.html HTTP/1.0" 200 1820  A.html     Mozilla (IE4.2, WinNT)

123.456.78.9   - - [25/Apr/1998:03:10:02 -0500] "GET O.html HTTP/1.0" 200 2270  F.html     Mozilla/3.04 (Win95, I)

123.456.78.9   - - [25/Apr/1998:03:10:45 -0500] "GET J.html HTTP/1.0" 200 9430  C.html     Mozilla (IE4.2, WinNT)

123.456.78.9   - - [25/Apr/1998:03:12:23 -0500] "GET G.html HTTP/1.0" 200 7220  B.html     Mozilla/3.04 (Win95, I)

209.456.78.2   - - [25/Apr/1998:05:05:22 -0500] "GET A.html HTTP/1.0" 200 3290     -     Mozilla/3.04 (Win95, I)

209.456.78.3   - - [25/Apr/1998:05:06:03 -0500] "GET D.html HTTP/1.0" 200 1680  A.html     Mozilla/3.04 (Win95, I)
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Method Description Privacy
Concern

Advantages Disadvantages

IP Address
& Agent

Assume each unique IP
address/Agent pair is a
unique user.

Low Always available. No
additional technology
required.

Not guaranteed to be
unique. Defeated by
random or rotating IP.

Embedded
Session ID

Use dynamically
generated pages to insert
ID into every link.

Low/
Medium

Always available.
Independent of IP
address.

No concept of a repeat
visit. Requires fully
dynamic site.

Registration Users explicitly sign-in
to site.

Medium Can track single
individuals, not just
browsers.

Not all users may be
willing to register.

Cookie Save an identifier on the
client machine

Medium/
High

Can track repeat visits. Can be disabled.
Negative public image.

Software
Agent

Program loaded into
browser that sends back
usage data.

High Accurate usage data for
a single Web site.

Likely to be refused.
Negative public image.

Modified
Browser

Browser records usage
data.

Very
High

Accurate usage data
across entire Web

Users must explicitly
ask for software.
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Session 1 Session 2

t0: New Session:
i=1; H1 = {index}

    Open Session:
r1 = index; Distance returns assign = 1
H1 = {index,1}

     Open Session:
r2 = index; Distance returns assign = 1
H1 = {index,1,A}

t1: Open Session:
r3 = 1; Distance returns assign = 1
H1 ={index,1,A,C}

t2: New Session:
i=2; H2 = {index}

     Open Session:
r5 = index
Call Distance:

d1 = 4-1 = 3; t1 = 62
d2 = 1-1 = 0; t2 = 0
return assign = 2

H2 = {index,1}
     Open Session:

r6 = index
Call Distance:

d1 = 4-1 = 3; t1 = 64
d2 = 2-1 = 1; t2 = 2
return assign = 2

H2 = {index,1,A}
t3: Open Session:

r7 = C; Distance returns assign = 1
H1 = {index,1,A,C,H}

t4: Open Session:
r8 = 1
Call Distance:

d1 = 5-2 = 3; t1 = 85
d2 = 3-2 = 1; t2 = 23
return assign = 2

H2 = {index,1,A,B}
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Session # IP Address/Agent Time/Date Request URI Referring URI

1 123.456.78.9/ 1/21/2000:15:04:41 index.html www.search.edu/?key=sample
Mozilla/4.2 (Win98,I) 1/21/2000:15:04:41 1.html index.html

1/21/2000:15:04:41 A.html index.html
1/21/2000:15:05:18 C.html 1.html
1/21//2000:15:06:01 H.html C.html
1/21/2000:15:06:36 I.html C.html

2 123.456.78.9/ 1/21/2000:15:05:43 index.html -
Mozilla/4.2 (Win98,I) 1/21/2000:15:05:43 1.html index.html

1/21/2000:15:05:45 A.html index.html
1/21/2000:15:06:06 B.html 1.html
1/21/2000:15:06:18 2.html B.html
1/21/2000:15:06:19 F.html B.html
1/21/2000:15:07:24 G.html 2.html
1/21/2000:15:07:49 4.html F.html
1/21/2000:15:07:49 F1.html F.html
1/21/2000:15:09:59 5.html G.html
1/21/2000:15:10:02 G3.html G.html

3 123.456.78.9/ 1/21/2000:15:04:44 index.html www.search.edu/?key=sample
Mozilla (IE5.0,WinNT) 1/21/2000:15:04:45 1.html index.html

1/21/2000:15:04:45 A.html index.html
1/21/2000:15:05:19 D.html A.html
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Set Initial Page View:
v0 = "1-A"; h0 = search.edu/?key=sample
t0

f = t0; t0
l = t0

Session 1 = {1-A}
Cv = {1,A}

Check for referrer in Current View:
time = t1
t0

e = t1
O={C}, rv = 1

Call FindLink:
return l=4 --> {1,(get,C,main)}

Add Page View to Session:
v1="1-C"; h1 = 1
t1

f = t1; t1
l = tl

Session 1 = {1-A,1-C}
Cv = {1,C}

Check for referrer in Current View:
time = t3
t1

e = t3
O={H}, rv=C

Call FindLink:
return l=32 --> {C,(get,H,top)}

Add Page View to Session:
v2 = "H"; h2 = C
t2

f = t3; t2
l = t3

Session 1 = {1-A,1-C,H}
Cv = {H}

Check for referrer in Current View:
time = t7
t2

e = t7
O={I}, rv=C

Call Complete:
return  {1,C}

Call FindLink:
return l=33 -> {C,(get,I,top)}

Add Page View to Session:
v3 = "I"; h3 = C
t3

f = t7; t3
l = t7

Session 1 = {1-A,1-C,H,I}
Set Final End Time:

t3
e = null

 

(
i
n
d
e
x
,
 
s
e
a
r
c
h
.
e
d
u
)

(
1
,
 
i
n
d
e
x
)

(
A
,
 
i
n
d
e
x
)

t0 t1

(
C
,
 
1
)

t3

(
H
,
 
C
)

t7

(
I
,
C
)

time
{1-A}   {1-C}  {H}  {I}


�'#�� =(?I ������� 9 /�'� ���4�



?9

Session # First Time Last Time End Time Page View Referring File

1 1/21/2000:15:04:41 1/21/2000:15:04:41 1/21/2000:15:05:18 1-A www.search.edu/?key=sample
1/21/2000:15:05:18 1/21/2000:15:05:18 1/21//2000:15:06:01 1-C 1.html
1/21//2000:15:06:01 1/21//2000:15:06:01 1/21/2000:15:06:36 H C.html
1/21/2000:15:06:36 1/21/2000:15:06:36 - I C.html

2 1/21/2000:15:05:43 1/21/2000:15:05:45 1/21/2000:15:06:06 1-A -
1/21/2000:15:06:06 1/21/2000:15:06:06 1/21/2000:15:06:18 1-B 1.html
1/21/2000:15:06:18 1/21/2000:15:06:19 1/21/2000:15:07:24 2-F B.html
1/21/2000:15:07:24 1/21/2000:15:07:24 1/21/2000:15:07:49 2-G 2.html
1/21/2000:15:07:49 1/21/2000:15:07:49 1/21/2000:15:09:59 4-F1 F.html
1/21/2000:15:09:59 1/21/2000:15:10:02 - 5-G3 G.html

3 1/21/2000:15:04:44 1/21/2000:15:04:45 1/21/2000:15:05:19 1-A www.search.edu/?key=sample
1/21/2000:15:05:19 1/21/2000:15:05:19 - D A.html
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)

time

S = {1-A,1-C,H}, rv = C
Build Stack:

stk = {search.edu,1-A,1-C}
n = 4

Check Stack:
Stemp = {1-C}
S = {1-A,1-C,H,1-C}

Update Times:
newsize = 4
te4 = t7; t

l
4 = t7- T; tf4 = tl4

te3 = tf4
return 1-C

(t7-T)

(
1
-
C
,
n
u
l
l
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(
1
-
A
,
s
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a
r
c
h
.
c
o
m
)

search.edu
1-A

search.edu

1-C
1-A

search.edu
1-A

search.edu

1-C
1-A

search.edu
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time

S = {1-A,1-B,2-F,2-G,2-F,4-F1}, rv = G
Build Stack:

stk = {1-A,1-B,2-F}
n = 7

Check Stack:
Stemp = {}
G not found in stack

Check History
at j=4, G is found in 2-G
S = {1-A,1-B,2-F,2-G,2-F,4-F1,2-G}
rv = 2

Check Stack:
stk = {1-A,1-B,2-F}
Stemp = {2-F}
S ={1-A,1-B,2-F,2-G,2-F,4-F1,2-F,2-G}

Update Times:
newsize = 8
te8 = t10; t

l
8 = t10- T; tf8 = tl8

te7 = tf8; t
l
7 = tf8- T; tf7 = tl7

te6 = tf7
return 2-G
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(
1
-
B
,
1
)

(
2
-
G
,
2
)

(
1
-
A
,
-
)

(
2
-
F
,
B
)

(
4
-
F
1
,
F
)

(
2
-
F
,
n
u
l
l
)

(
5
-
G
3
,
G
)

(
2
-
F
,
n
u
l
l
)

(
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)

t9-T

t10-T
t10-2T

2-F
1-B
1-A
-

1-B
1-A
-

2-F
1-B
1-A
-

1-B
1-A
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2-F
1-B
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2-G
2-F
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Session # First Time Last Time End Time Page View Referring File Inferred

1 1/21/2000:15:04:41 1/21/2000:15:04:41 1/21/2000:15:05:18 1-A www.search.edu/?key=sample FALSE
1/21/2000:15:05:18 1/21/2000:15:05:18 1/21//2000:15:06:01 1-C 1.html FALSE
1/21//2000:15:06:01 1/21//2000:15:06:01 1/21/2000:15:06:34 H C.html FALSE
1/21/2000:15:06:34 1/21/2000:15:06:34 1/21/2000:15:06:36 1-C - TRUE
1/21/2000:15:06:36 1/21/2000:15:06:36 - I C.html FALSE

2 1/21/2000:15:07:03 1/21/2000:15:05:45 1/21/2000:15:06:06 1-A - FALSE
1/21/2000:15:07:16 1/21/2000:15:06:06 1/21/2000:15:06:18 1-B 1.html FALSE
1/21/2000:15:07:28 1/21/2000:15:06:19 1/21/2000:15:07:24 2-F B.html FALSE
1/21/2000:15:08:34 1/21/2000:15:07:24 1/21/2000:15:07:47 2-G 2.html FALSE
1/21/2000:15:08:57 1/21/2000:15:07:47 1/21/2000:15:07:49 2-F - TRUE
1/21/2000:15:08:59 1/21/2000:15:07:49 1/21/2000:15:09:55 4-F1 F.html FALSE
1/21/2000:15:11:05 1/21/2000:15:09:55 1/21/2000:15:09:57 2-F - TRUE
1/21/2000:15:11:07 1/21/2000:15:09:57 1/21/2000:15:09:59 2-G 2.html TRUE
1/21/2000:15:11:09 1/21/2000:15:10:02 - 5-G3 G.html FALSE

3 1/21/2000:15:04:44 1/21/2000:15:04:45 1/21/2000:15:05:19 1-A www.search.edu/?key=sample FALSE
1/21/2000:15:05:19 1/21/2000:15:05:19 - D A.html FALSE


�'#�� =(92I ���#��� �� /��
 "��������� ,�#������(

��� �� ��&������� ��� �������� ��� �� ���#���� ������� ��� �  �� ���� ����� �� �
�

�������( 
�� �������$ �������� �� ���� �
� ����#�� ��'�� ���4�� �� �� �5��������

����$ �� ������ ��'� ���4� ���� � ��4� ���� ��� �� �������( ����
�� ���#��� �������

��&������ �� �
� �#���� �� ��'� ���4� �
�� ���� 4��
 �
� A�
�����' ���� �
��!�#�E

��������( ,�4����$ �� ���� ���#������� ��� ���� ���#� �
� 4�� #���� ���4�� �  ��

����$ ������������ ������'�#� �������� ��� �� ������&�� 4��
�#� ��� !��4���'� �� �
�

�����&� ������� �� � ����( �
��� ���
��� ����� �� �#�
 ���#�������$ ���� � ��$ ��
���

�	�� ��	��� ��� 
���
�� 
������ ��
���	��$ ��!� �� ������� �� �������� ������������

������'�#� �������� ����� �� �
� ��'� #��'� ����(

�-
-� 5�����
 #�	���� ����


����' �
� ������� �� �#������� ��� ����� ��'� ����������$ �
��� ��� �4� 4��� ��

��&�� ��������$ �� �
�4� �� 
�'( =(99$ 4
��� �#������� ��� ����� ��'� ���������� ���

������� 4��
 �� � �� � ������������( �
� &��� 4�#�� �� �� ��&�� �� ������� �� ���

�� �
� �#������� ���������� #� �� ��� ����#���' ���
 ����� ��������� ��� � '���� #���(

�1���

�	�� ����� ����� ��� ����	��� ��
������ �	��4��� 
�������
� ��������� ��	���� ��

�	�
���� ������� ��	��	� ���� �� ��� ��	 �	��4��� �	������ ������ ���� �� �����



?:

A AAAAAA AM MM M Time

Auxiliary-Media Episodes

Episode 1 Episode 4Episode 3Episode 2

A AAAAAA AM MM M Time

Media-only Episode

Episode 1


�'#�� =(99I �#�������5����� ��� �����5	��� ������� �����

�����' �
��� �������� �
���� �������� 4�#�� ����������� '��� �
� ������ ���������

���
� �
��#'
 �
� 4�� ���� �� � '���� ����� ��'�( �
� ������ ���
�� 4�#�� �� ��

��&�� �� ������� �� ��� �� �
� ����� ���������� ��� � '���� #���( �����' �
��� 
�����

�	� �������� 4�#�� '��� ������������ ���4��� �
� ����� ��'�� �� � ����$ 4��
�#� ���

����������� �� �� �
� ���
 ��!�� ���4��� �
� ��'��( ����� ��'�� ��� �� ������&�� ��

��������' �
� �������$ ���#��#��$ �� #��'� �� � ����( �
� ���� � �� ���
�� ������&��

��'�� ����� �� �
� �������( �
� ��
���	�� ��	��� ��� 
���
�� 
������ ��
���	��

���
��� ���� �� #��'� ���� �� �������� �
� #��'� ���� �� � ��'�(  
��� ���� �� �
�

���
��� ������ �� �
� ���#��#�� �� � ����$ �� 4��� �� �
�4� �� "
����� @$ �
� 
���
��


������ ��
���	�� ���
�� �� 
������ ��������� �� �
� ���#��#�� �� �  �� ����$ ����

�
�#'
 ��� ������&������ �� ����� �� #��'� ��������(

�-
-
 ���� 1!�� ���*��

�
� ��'� ���� ������� ������&������ ���
�� ������ �� �
� ��'� ���4� ����' ���5

������&�� ��� #��'� ����( �� ����#���� �� "
����� <$ �
� #��'� ���� ��� � ��'� ��� ��

������� �� 
���$ �� � ������&������ ��'����
� ��� �� #��� ����� �� �
� ������� �� �
�



?@

Session # / Page Views
Episode # Page Type Reference Length Maximal Forward Reference

1 / 1 1-A, 1-C, H 1-A,1-C 1-A, 1-C, H
1 / 2 1-C, I H, 1-C, I 1-C, I
2 / 1 1-A, 1-B, 2-F, 2-G, 2-F, 4-F1 1-A, 1-B, 2-F 1-A, 1-B, 2-F, 2-G
2 / 2 2-F, 2-G, 5-G3 2-G, 2-F, 4-F1 2-F, 4-F1
2 / 3 2-F, 2-G, 5-G3 2-F, 2-G, 5-G3
3 / 1 1-A, D 1-A, D 1-A, D
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Session # / Page Views
Episode # Page Type Reference Length Maximal Forward Reference
1 / 1 H, I 1-C, I H, I
2 / 1 4-F1, 5-G3 2-F, 4-F1, 5-G3 2-G, 4-F1, 5-G3
3 / 1 D D D
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T 0 T 1 T 1.5 T 2 T 2.5 T 3

l 0.00 0.30 0.38 0.42 0.48 0.60
u 1.00 1.00 0.99 0.98 0.93 0.90
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   k   = 1-(0.06 + 0.14) = 0.8
   en  = (0.42 + 0.12 + 0.14)/0.8 = 0.85
1- ep = (0.02 + 0.04 + 0.02)/0.8 = 0.1

e 2n 1 - e 2p e 2p  - e 2n

0.7 0.1 0.2

e 1n 0.6 0.42 0.06 0.12

1-e 1p 0.2 0.14 0.02 0.04
e 1p  - e 1n 0.2 0.14 0.02 0.04
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K K’ [sn,sp]

0 1 [0.1,0.1]

1 0 [0.5,0.9]

2 0 [0.9,0.9]

0 1 [0.1,0.5]

1 0 [0.25,0.9]

2 0 [0.5,0.9]

3 0 [0.75,0.9]
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  1.27        0.59 0.58

  1.39        0.50 0.30
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Root

Sub 2 Sub 3Sub 1

Cat 2Cat 1

A

LKJHGFE

DCB

Page Set A,B C,D E,F,G H,J K,L

hrmin 1 1 2 1 1

hmax 2 2 3 3 3

max pages 4 4 5 3 2
set count 2 2 1 1 1

multi-set factor 0.50 0.50 1.00 1.00 1.00

s 1n 0.50 0.50 0.25 0.90 0.90

s 1p 0.50 0.50 0.50 0.90 0.90

s2n 0.90 0.90 0.90 0.90 0.90
s2p 0.90 0.90 0.90 0.90 0.90

s n 0.90 0.90 0.86 0.99 0.99

s p 0.90 0.90 0.86 0.99 0.99
Isubj 1.07 1.07 1.18 0.30 0.30
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sessionid
ip_address
agent
time
page_file
ref_page_file
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sessionid
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time
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Input Data Output Data
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Men's Leather Jacket Harper Bed Set Meridian Bedding
Surburban Leather Jacket Royalton Comforter Sets Brentwood Bed Set
Women's Barn Jacket Tribeca Bedroom Ensemble Splash Graphic Bedding Set
Leather Anorak Camille Comforters Rebecca Bed Set
Leather Bomber Jacket Romance Bedroom Set Shauna Bed Sets
3/4 Length Leather Coat Gold Dust Comforter Set Facets Bed Sets

2 Wall Accessory Set Angel Masterpiece Comforter Set Monte Carlo Bed Set
Wall Decor Renee Comforters Noblis Bed Set w/Accessories
Wall Decor 3-Pc. Set Mission Floral Comforter 14  Pokemon Video Games

3  Framed Hydrangea Print Matelass Coverlets GameBoy
4-Pc. Mirror Wall Group Cleopatra Comforter Set 15  ProTek Multimedia Computer
4-Pc. Handcrafted Wall Group Lucern Bedroom Ensemble ProTek 450 MHz Computer
2-Pc.Mirrortek Wall Decor Catherine Comforter Set eMachines 400MHz Computer
Wall Decor Madrid Bedding Ensemble 16 Leopard-Print Chemise and Robe
Nature Print and Pair of Shelves Ellington Comforter/Sheet Sets 3-Pk. Flutter Gowns
3-Pc. Floral Print Set Chambord Comforter Set Jacquard Print Caftan

4 Toy Box Storage Bin Prelude Comforter Set 3-Pack of  V-Neck Sleepshirts
Toy Bin Organizer Olivier Comforter Set 3-Pc. Teddy Set

5 Contemporary Ent. Center Carrington Comforter Set Crochet Tank Top and Panty Set
Spindle-Style Ent. Center Roman Comforter Set 17 Corner Computer Desk A
Entertainment Center/Bar Grandeur Comforter Sets Corner Computer Desk B

6 2-Pc. Side-Lace Suit Melissa Bedding Ensemble 18 Leaf Bedroom Furniture
2-Pc. Tuxedo Suit Lexington Comforter Set Rustic Bedroom Furniture
Cape Suit Wardrober Christine Comforter Sets Contemporary Bedroom Furniture
Shirt-Jacket Pant Suit Preston Bedding Ensemble Lafayette Bedroom Furniture

7 Burgundy Triov Painting 10 Emerald City Bed Set Bristol Bedroom Furniture
Mirrored Wall Murals Tristar Bed Set Black Steel Bedroom Furniture

8 Beautiful Pizzazz Bedding 11 5 Piece Bath Rug Set Shaker-Style Bedroom Collection
Renee Comforters 5-Pc. Bath Set 19 Mission-Style Bed
Dream Angel Bedding Ensemble 12 Leather  Suede Bootie Monticello Sleigh Bed
Ellington Comforter/Sheet Sets Womens High Shaft Boot
Lucern Bedroom Ensemble
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Product Category Product Category

1 10" Cuckoo Clock Clocks 3 Rechargeable Master Craft Drill Cordless
Diamond Hoop Earrings   Ladies Jewelry Black  Decker Cordless Drill      Cordless
9-Pc. Rose Clock Set Clocks Black  Decker Cordless Screwdriver    Cordless
NBA Showtime Sega Black  Decker Socket/Bit Set                     Cordless
Diamond Pendant  Earrings                               Ladies Jewelry Black  Decker Hand Power Tools                                            Power Tools
GameBoy  Colors            Nintendo Deluxe Tire Changing Kit                                                      Accessories
N64, Resident Evil 2  Nintendo Master Craft 101-Pc. Tool Set                                            Hand Tools
PlayStation; Jet Moto 3 Nintendo Master Craft Storage Chest                         Hand Tools
Super Nintendo w/Tetris Attack        Nintendo Master Craft 119-Pc. Tool Set                                   Hand Tools
Super Nintendo;Space Invaders                            Nintendo Master Craft 127-Pc. Tool Set                                             Hand Tools

2 40-Pc. Kitchen Linen Set                                                      Kitchen Ensembles Highway Emergency Kit                                 Accessories
5-Pc. Inflatable Bath Set                                                     Accessories NASCAR Fleece Shirt                                                      Active
Bathroom 3-Shelf Corner Caddy  Accessories NASCAR Denim Shirt                                                        Active
Bathroom Spacesavers  Scale                                                   Scales NASCAR Jersey                                                             Active
Bedding for Kids                                                       Children 4  Compact Metal Detector                        Misc
Camouflage Bedding                                Children  Highway Emergency Kit        Accessories
Country Kitchen Towel Sets                                                    Table Linens  Metal Detector                                Misc
Dazey Turbospa                                                      Massagers  Protek I Metal Detector                       Misc
Doral 4-Pc. Rug Set                                                           Accessories 5 12-Pc. Bath Towel Set                                         Bath Sets
Flannel Sheet Sets                                                 Flannel Knits 20-Pc. All Cotton Bath Towels                                 Bath Sets
Graphics Chenille Spreads                       Chenille 20-Pc. Printed Towel Set                                      Bath Sets
Hearts Chenille Bedspreads                        Chenille 24 Piece Towel Set                                            Bath Sets
Kenya Comfortspread Bedding                        Comfortspreads 24-Pc. Bath Towel Set                                         Bath Sets
Chenille Bedroom Ensemble                       Chenille 26-Pc. All-Cotton Towels                                      Bath Sets
Leaves Rugs                                                                   Oriental 5-Pc. Bath Set                                                Bath Rugs
Poppin' Fresh Kitchen Linen Sets                                              Kitchen Ensembles 50-Pc. Bath/Kitchen Towels                  Bath Sets
Satin Comforter and Sheet Sets Satin 6-Pc. Bath Towel Set                                   Bath Sets
Scroll Chenille Bedspread                   Chenille Robe/Towel Sets                                 Bath Sets
St. Croix Comforter and Sheet Set       Satin Solid Color Bath Towel Set                              Bath Sets
St. Croix Kitchen Textiles                                        Kitchen Ensembles St. Croix Towel Sets                              Bath Sets
St. Croix Satin Bed Set                                           Satin Bathroom Storage Accessories            Bath
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