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Note to other teachers and users of these slides: We would be delighted if you found this our 
material useful in giving your own lectures. Feel free to use these slides verbatim, or to modify 
them to fit your own needs. If you make use of a significant portion of these slides in your own 
lecture, please include this message, or a link to our web site: http://www.mmds.org
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r y = ry /2 + ra /2
ra = ry /2 + rm

rm = ra /2
� � … out-degree of node �
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y a m

y ½ ½ 0

a ½ 0 1

m 0 ½ 0

r y = ry /2 + ra /2
r a = ry /2 + rm

rm = ra /2
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|x|1 = � 1� i� N|xi| is the L1 norm 
Can use any other vector norm, e.g., Euclidean
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Iteration 0, 1, 2, …

r y = ry /2 + ra /2
ra = ry /2 + rm

rm = ra /2
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Iteration 0, 1, 2, …

r y = ry /2 + ra /2
ra = ry /2 + rm

rm = ra /2
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Iteration 0, 1, 2, …

yy

aa mm

y a m

y ½ ½ 0

a ½ 0 0

m 0 ½ 1

r y = ry /2 + ra /2
ra = ry /2
rm = ra /2 + rm

m is a spider trap
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ra = 1/3 1/6 2/12 3/24 … 0
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Iteration 0, 1, 2, …
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aa mm

y a m

y ½ ½ 0

a ½ 0 0

m 0 ½ 0

r y = ry /2 + ra /2
ra = ry /2
rm = ra /2
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This formulation assumes that � has no dead ends. We can either 
preprocess matrix � to remove all dead ends or explicitly follow random 

teleport links with probability 1.0 from dead-ends.



� ��������	�-%����� GR���<!���"	S43I

�! 	 C D
� �

� ���!

� %� E D&
�
F

� ,��	5�����	8����6	 	 �

G 	 D�� � � E D
�
F HIH

� 
�	��#�	�	���%���#�	������"�	 � 	 � � �
.�
	���	�����	"����
	�����	�����1

� 
���	��	 bbbb �
� @�	��������	 b =0.8,0.9 =����	 5 
���
	��	�
�&"	'���?

%&	��
��
��"	$&	��'������"	%&	(�����)	������	�*	��
 
�
�	����
��
"	����)++,,,&���
&��� /0

[1/N]NxN…N by N matrix
where all entries are 1/N
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1/3
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13/15

7/15

1/2 1/2   0
1/2   0    0
0   1/2   1

1/3 1/3 1/3
1/3 1/3 1/3
1/3 1/3 1/3

y   7/15  7/15   1/15
a   7/15  1/15   1/15
m  1/15  7/15  13/15
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If the graph has no dead-ends then the amount of leaked PageRank is 1-� . But since we have dead-ends 
the amount of leaked PageRank may be larger. We have to explicitly account for it by computing S.
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rnew rold

Initialize all entries of rnew = (1-bbbb) / N
For each page i (of out-degree d i):
Read into memory: i, d i, dest 1, …, dest d i, rold (i)
For j = 1…d i

rnew(dest j) += bbbb rold (i) / d i
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Break M into stripes! Each stripe contains only 
destination nodes in the corresponding block of rnew



� R����	 � ����	
�����

� C���	
�����	�������
	����	��
��������	����
	

��	���	�����
�������	�����	�*	 � ��,

� ����	����������	�
������	���	
�����
� R��	��	�
	�
�����	,����	��

� 9���	���	���������	�!	�����	"����
�
<D� D'(Eeeee)	E	'� E()D�D

%&	��
��
��"	$&	��'������"	%&	(�����)	������	�*	��
 
�
�	����
��
"	����)++,,,&���
&��� 04



� 8���%���	�������	���%������	�!	�	����
� R��
��	�����
�	�����<
����*��	����������

� ���%�����  ����<�����*��	!�������	= ��6� ?

� F���	�	������	"���%��	�!	�"��������
� 9����	�����
 �*	����������
� ���%����� 7��
<���<$���������


� �%���������	��	/���	���"
� $���*�����	����	�����������
	�������	��	�����	��	

���
�	����	����
� ���%�����  ��
�����

%&	��
��
��"	$&	��'������"	%&	(�����)	������	�*	��
 
�
�	����
��
"	����)++,,,&���
&��� 16


