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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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[Andersen, Lang: Communities from seed sets, 2006]
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[McAuley, Leskovec: Discovering social circles in ego networks, 2012]
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We will work with undirected (unweighted) networks
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[Girvan-Newman ‘02]
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Step 1: Step 2:

Step 3: Hierarchical network decomposition:
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1 path to K.
Split evenly

1+0.5 paths to J
Split 1:2

1+1 paths to H
Split evenly

The algorithm:
•Add edge flows :
-- node flow = 

1+� child edges 
-- split the flow up 

based on the parent 
value
• Repeat the BFS 
procedure for each 
starting node �
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Q  µ µ µ µ � sÎÎÎ Î S [ (# edges within group s) –
(expected # edges within group s) ]
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Need a null model!



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

� 2���� ������ �����)(�����)(��

��� ���
����
�����

� *���� ��� �
 ����� �(��������
� 2����3�����������������������������������

� ���� � ��� �������  � ��� �  � �3(��������  � �
 �

�	
�

 �  �

�	
� 4����5��
�� ��(�)������� �������6�(��������7� (, �

� �
�

�
� �

 �  �

�	������ �
�

�
�

�

�	
�  � �  ������� �

� ��
�

�	
�	 � �	 � 	

��������	�
��������������������������������������� ��	������������������������� ����� !-

j

i

� � �

� � �

� ��

Note:



�  ������	����������	�	��	���4����������(�
� Q µµµµ � sÎÎÎ Î S [ (# edges within group s) –

(expected # edges within group s) ]

� � �� � �
�

�	
� � � � �� �

 �  �

�	���������

�  ������	�����������
��������56.�.7
� 0�����������	����������(�)������� �����������

���(����5
�� �������5��
�� ��(�)��
� 8/9�8/:;< �������������
����
���(���1����(
�(��

��������	�
��������������������������������������� ��	������������������������� ����� !!

Aij = 1 if i® j, 
0 else

Normalizing cost.: -1<Q<1
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2nd largest eigval. 
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value very close
to 9:
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Node � has degree * � . So, value ' �
� needs to be summed up * � times.
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We want to assign values ' � to nodes i such 
that few edges cross 0.
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Which proves that the cost 
achieved by spectral is better 
than twice the OPT cost

e … number of edges between A and B
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[Kumar et al. ‘99]

Dense 2-layer graph

Intuition: Many people all talking about the same things

5 5
Use this to define “topics”:
What the same people on 
the left talk about on the right
Remember HITS!
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K3,4

|X| = s = 3
|Y| = t = 4

X Y
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[Agrawal-Srikant ‘99]
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X Y

s … minimum support (|X|=s)
t … itemset size (|Y|=t)
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Find frequent itemsets:
s … minimum support
t … itemset size
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Itemsets:
a = {b,c,d}
b = {d}
c = {b,d,e,f}
d = {e,f}
e = {b,d}
f  = {}
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Nodes on the right Nodes on the left

[Kumar, Raghavan, Rajagopalan, Tomkins: Trawling the Web for emerging cyber-communities 1999]
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