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

��
�����

���������	� 
�����
�����������������

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

"����������������

�

	
��
��
���
������

���
��������
��
��
�������������

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

!���������"�##����$�����������%���

�����&
��'��(
�

	
��
������������������������� �� )* ������������������
��������������� �+����
����������������

��
������
�����
������
��
����%������


)���
�������������
����
,

-�.�������������
�����&�&���/
�����/
����
/
��

-�0��������������/���

-��
������
�
1�/��
�

2

��
��
����������
�����������
�
�

� ���
��
����������
/���������
��&��
��//���������

-����3������/��
������������
�4��%��
��
���
������/
������

-������
����������
��������� 5

-/���
/������������������



�

!�$6$��������&"����
��

#���������������������$�����������%�

VOLUME 88,  Number 13      PHYSICAL REVIEW LETTERS              1 April 2002

Truncation of Power Law Behavior in “Scale-Free”Network Models
due to Information Filtering
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3 CEA-Service de Physique de la Matière Condensée, BP 12, 91680 Bruyères-le-Châtel, France
(Received 18 October 2001; published 14 March 2002)

We formulate a general model for the growth of scale-free networks under filtering information 
conditions—that is, when the nodes can process information about only a subset of the existing nodes in the 
network. We find that the distribution of the number of incominglinks to a node follows a universal scaling 
form, i.e., that it decays as a power law with an exponential truncation controlled not only by the system size 
but also by a feature not previously considered, the subset of the network “accessible”to the node. We test our 
model with empirical data for the World Wide Web and find agreement.

DOI: 10.1103/PhysRevLett.88.138701 PACS numbers: 89.20.Hh, 84.35.+i, 89.75.Da, 89.75.Hc

There is a great deal of current interest in understanding the structure and growth mechanisms of global networks [1–3], such as the World Wide 
Web (WWW) [4,5] and the Internet [6]. Network structure is critical in many contexts such as Internet attacks [2], spread of an Email virus [7], or 
dynamics of human epidemics [8]. In all these problems, the nodes with the largest number of links play an important role on thedynamics of the 
system. It is therefore important to know the global structure of the network as well as its precise distribution of the number of links.
Recent empirical studies report that both the Internet and the WWW have scale-free properties; that is, the number of incoming links and the 
number of outgoing links at a given node have distributions thatdecay with power law tails [4–6]. It has been proposed [9] that the scale-free 
structure of the Internet and the WWW may be explained by a mechanism referred to as “preferential attachment”[10] in which new nodes link 
to existing nodes with a probability proportional to the number of existing links to these nodes. Here we focus on the stochastic character of the 
preferential attachment mechanism, which we understand in the following way: New nodes want to connect to the existing nodes with the largest 
number of links—i.e., with the largest degree—because of the advantages offered by being linked to a well-connected node. For a large network it 
is not plausible that a new node will know the degrees of all existing nodes, so a new node must make a decision on which node to connect with 
based on what information it has about the state of the network.The preferential attachment mechanism then comes into play as nodes with a 
larger degree are more likely to become known.
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Recent empirical studies report that both the Internet and the WWW have scale-free properties; that is, the number of incoming links and the 
number of outgoing links at a given node have distributions thatdecay with power law tails [4–6]. It has been proposed [9] that the scale-free 
structure of the Internet and the WWW may be explained by a mechanism referred to as “preferential attachment”[10] in which new nodes link 
to existing nodes with a probability proportional to the number of existing links to these nodes. Here we focus on the stochastic character of the 
preferential attachment mechanism, which we understand in the following way: New nodes want to connect to the existing nodes with the largest 
number of links—i.e., with the largest degree—because of the advantages offered by being linked to a well-connected node. For a large network it 
is not plausible that a new node will know the degrees of all existing nodes, so a new node must make a decision on which node to connect with 
based on what information it has about the state of the network.The preferential attachment mechanism then comes into play as nodes with a 
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Weight?

networks leading, possibly, to different dynamics, e.g., for the initiation and spread of epidemics.
In the context of network growth, the impossibility of knowing the degrees of all the nodes comprising the network due to the filtering process—
and, hence, the inability to make the optimal, rational, choice—is not altogether unlike the “bounded rationality” concept of Simon [17].
Remarkably, it appears that, for the description of WWW growth, the preferential attachment mechanism, originally proposed by Simon [10], 
must be modified along the lines of another concept also introduced by him—bounded rationality [17].
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