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Abstract
Online social networking is increasingly prominent social 
phenomenon that has motivated much interesting research in 
networking. This work studies the dynamic evolment of online 
social networks by a simple stochastic model that captures the 
inter deprndent social interactions. We show that multiple stable 
states exist in the evolment of online social networks, leading 
to fundamental ramifications to the structure of online social 
networks and their application.
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I. Introduction
Online social networking systems (e.g., Facebook, Twitter) have 
been hugely popular in the Internet. There are various studies to 
harness such systems for both social and commercial applications, 
such as viral campaigns, social games, and opportunistic 
advertising. Online social network is a continually evolving large-
scale system, whose behavior motivates a number of fundamental 
studies to model and analyze their properties. These studies aim to 
shed light on the structures of online social networks for developing 
novel and useful applications based on these networks.
In this work, we address the fundamental question about the 
dynamics of social networks. What is the long-term structure 
of online social networks, under realistic inter-dependent social 
interactions on the formation and disappearance of social bonds 
among the participants?
Our contribution is to offer a simple yet realistic model of online 
social networks, so as to demonstrate non-trivial and salient 
characteristics. Particularly, we analyze the dynamic behavior 
of this model, and show that two stable states of online social 
networks can exist at different periods of evolvement: one with 
a densely connected structure, another with a sparsely connected 
structure.

II. Model and Result 

A. Model of Online Social Networks
We consider the following simple dynamic model of online social 
networks. There are various forms of contacts between every pair 
of persons (e.g. conversation, instant messages, and email) which 
can indicate the levels of acquaintance and closeness between 
them. We aim to study the dynamics and interactions of such 
levels of acquaintance among people in online social networks. 
In this model, we treat all forms of contacts as some generic 
units of contacts. Consider N pairs of persons. A salient feature 
in this model is its ability to capture the inter-dependent social 
interactions in online social networks.

B. Multiple Stationary Distribution in Large Regime
 We consider N is large. In this case, we are able to characterize 
the stationary distribution of contacts. Let ni be the number of 

pairs with i active (unexpired) contacts in N Pairs of persons, 
and let xNi = ni N be the fraction of pairs. At time t, the state 
of social interactions is defined as a vector: (xNi (t): i = 0..., ∞). 
The property of online social network can be approximated by a 
continuous Markov chain with transition rates defined as:

1. Spontaneous Formation of New Contacts: For All i,
(..., xNi , xN i+1, ...) → (..., xNi – 1 N, xN i+1+1 N ...) at rate 
νni

2. Disappearance of Stale Contacts: For i ≥ 1,
(..., xNi, xN i+1 ...) → (..., xNi + 1 N, xN i+1 – 1 N ...) at rate 
ini

3. Triggering of New Contacts by Social Interactions: 
For All i,
(..., xNi , xN i+1, ..., xNj , xNj +1, ...) → (..., xNi – 1 N ,  xN 
i+1+ 1 N , ..., xNj – 1 N , xNj +1+ 1 N , ...) at rate N- n0 N∞_k=L 
nkνss

C. Simulation
Based on the model, we study empirically the evolvement of online 
social networks by simulation. Denote by si the fraction of pairs 
of persons with more than L active contacts, that is, si _∞i=L+1 
xi. We study the saturation time tτ at which si grows to 1.

III. General Activities of Online Networking
Below mentioned are some of the most common/standard activities 
on online social networking websites. These include:

Friendships,• 
Private messages,• 
Forum messages,• 
Blog messages/comments, • 
Picture postings/comments, and• 
“Comment wall” comments.• 

A. Friendship Activity
This activity shows the number of friendship among the users. 
This activity corresponds to the number of request and replies. 
The fig shows the average, a user had 5.56 friends. User with 
most friends had 71 outgoing friendship links. 61.2% of users 
had one or more online friends. Distribution of friendship activity 
is shown in fig. 1. 
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Fig. 1: Distribution of User’s Friendships

B. Messaging Activity
This activity corresponds to the conversation and communication 
between two or more users with regard as message. This activity 
provides both public and private sharing of information. On 
average, a user sent 3.37. Distribution of message activity is 
shown in fig. 2.

Fig. 2: Distribution of Messaging Activity

C. Forum Activity
Forum was a very popular place for users’ activities on Fitcolab 
network. On average users posted 11.9 forum messages. 56% of 
users were active on the Forum. They totaled 2457 regular (public) 
and 40 anonymous forum postings. The most active forum user 
had 281 forum posts. Due to some of the earlier users’ (not those 
included in this study) demand for anonymous Fitcolab activities, 
we were surprised to find that only 1.6% forum messages were 
anonymous. Distribution of forum posts per user is shown in 
fig. 3.

Fig. 3: Distribution of Forum Activity

D. Blog Activity
In the Blog activity the users can represents their views as a blog 
and the other user’s comment on an existing blog. There were 
only 77 blog activities (new blogs or blog comments). Most active 
blog users made 8 blog activities. Distribution of blog activity is 
shown in fig. 4.

Fig. 4: Distribution of Blog Activities

E. Photo Gallery Activity
31.1% of users participated in activities related to photo gallery. 
These activities consisted of posting pictures or comments to 
pictures. Altogether there were 267 such activities. The most active 
photo gallery user had 26 photo activities.

F. Comment Wall Activity
In Comment wall activity the comments posted are visible to all 
users. There were 31.1% of users that participated in Comment 
Wall (CW) activity. Posted were 207 CW comments. The most 
active CW user had 16 CW comments. Distribution of comment 
wall activity is shown in fig. 5.

Fig. 5: Distribution of Comment Wall Activity

IV Conclusion
In this paper, we study the dynamic evolvement of online social 
networks and present a simple stochastic model that captures the 
inter-dependent social interactions. We show that the fraction 
of pairs of persons that are engaged in interactions may have 
multiple stationary distributions, according to different values of 
certain parameters and Patterns of user activities in online social 
networks were studied. Data from an experimental network was 
analyzed, by exploring individual usage patterns of each of the 
standard social networking functionalities.
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