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a b s t r a c t 

In this paper, we propose an evolution model for unstructured Peer-to-Peer (P2P) file-sharing systems, 

which tries to capture the dynamic properties of P2P application networks. The model consists of four 

most important events in the evolution of network topology: node addition, node departure, connection 

establishment, and edge deletion. Based on the model, we derive a difference equation of degree distri- 

bution, which can be solved analytically. By analyzing the solutions, we find that there are two factors 

affecting the degree distribution. The first one represents the internal dynamics of network topology, 

while the second one represents the external influence. We find that the internal dynamics makes the 

degree distribution follow power law while the external influence makes it deviate from power law. User 

behaviors and resource distributions are the main reasons for this deviation. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

Peer-to-Peer file-sharing systems, such as those supported by 

the well-known Gnutella protocol, have received a lot of attention 

in the last decade as they offer high availability without the signif- 

icant cost of highly redundant and central entity. The topology of a 

P2P network is a graph generated by considering P2P hosts and ap- 

plication level connections as “nodes” and “edges” respectively. It 

plays an important role in the proper function of P2P network, be- 

cause a good topology makes file transmission more efficient and 

network more robust. For example, searching on networks with 

lower diameter will be faster, and networks, which have an ap- 

proximately power-law vertex degree distribution, are highly ro- 

bust against random removal of nodes, but are relatively fragile to 

the specific removal of the most highly connected nodes [1] . 

Technical means have been devoted to the research of P2P net- 

work topology, for example, [2–5] explore the P2P networks by 

crawlers. The crawler captures the snapshots of the system dur- 

ing the crawl. Examination of individual snapshots reveals topo- 

logical properties of the system (e.g., the size and diameter of 

the network and node degree distribution), while the comparison 

of sequential snapshots identifies dynamics of such properties as 

a function of time. The accuracy of the conclusions in these re- 

searches relies on the accuracy of the crawler [4] . Specifically, the 
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duration of the crawl determines the time granularity between 

compared back-to-back snapshots, the dynamics of topological 

properties obtained based on the crawler may be not accurate if 

the crawl takes a long time. Based on the results obtained by a 

network crawler, Jovanovi ́c et al. [2] reported that the Gnutella 

topology exhibits “small-word” properties and the out degree dis- 

tribution obeys power law. However, in 2008, Xie et al. [3] dis- 

covered that the current Gnutella network deviates from the ear- 

lier power laws. By analyzing the topology information obtained 

by the crawler developed by them, Xie et al. observed that the 

power law property of the rank distribution and degree distribu- 

tion has become weak, some even invalid. The different observa- 

tions about the topology of the same P2P file-sharing network in 

different years indicate that modeling P2P as a static network [2,6] 

may not be accurate. These static models cannot capture the time 

evolution properties of P2P topology. 

According to the topology, the current P2P networks can be 

classified to three types, centralized, structured, and unstructured. 

In a centralized P2P network, such as Napster, all objects index 

items are kept in a centralized server. Peer only needs to search 

in the server for its wanted resources. The topology of a central- 

ized P2P is a star-like network. The structured P2P network usu- 

ally emerges when using Distributed Hashing Table (DHT) to or- 

ganize the topology. Search is accomplished by looking up key- 

value pairs in the DHT. The topology of this type of network is 

structured graph, such as mesh [7,8] , d-dimension torus [9] or ring 

[10] . The unstructured P2P network is completely decentralized. All 

the peers in the network operate independently, and the search is 

executed hop-by-hop through the network until success/failure or 
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timeout. The topology of such network is often random and un- 

structured mesh. Gnutella protocol 0.4 is a typical unstructured 

P2P network. In this manuscript, we only focus on the unstruc- 

tured P2P network as a case-study, so when we use the word “P2P 

network”, we actually refer to unstructured P2P network. 

In this paper, we present a new evolution model for the dy- 

namic of P2P network topology. There are three aims in the mod- 

eling. (1) Unlike the previous researches, we try to propose an 

analytic model for the dynamic of P2P topology, the time granu- 

larity may be much small in the model. (2) In order to capture the 

time varying properties of P2P topology, the model involves a time 

evolution process. In each time unit, different events may happen 

with probabilities. (3) Due to the different protocols of P2P net- 

works, their topologies may differ significantly. The factors influ- 

ence the topological properties include overlay construction algo- 

rithms, user behaviors, etc. The model can be used as an analytical 

framework to figure out the detailed influences of these factors. 

The remainder of the paper is organized as follows. In Section 2 , 

some related works of network evolution model are presented and 

discussed. Section 3 introduces a new evolution model for the un- 

structured P2P network, and four kinds of events are described. 

In Section 4 , the difference equation of degree distribution is de- 

veloped and its solution is given. In Section 5 , we conduct simula- 

tion experiments to demonstrate the effectiveness of our presented 

model. Finally, conclusions are drawn in Section 6 . 

2. Related works 

The idea of evolution model for P2P is mainly inspired by the 

research in the evolution model of complex networks. Many evo- 

lution models [11–14] have been proposed to describe the gen- 

eral topology dynamic process for generalized networks (by which 

we mean the network model with consideration of the common 

properties of all networks). These models mainly focus on gen- 

erating networks with some of their statistical properties, such 

as degree distributions and weight distributions, to be consistent 

with real networks. And some kind of node addition and deletion 

mechanisms are used to simulate the procedure happening in real 

networks. 

As a result, the generated networks do have the desired statis- 

tical properties, such as power law distributions of degree, weight, 

and strength. However, in the practical P2P networks, in addition 

to node addition and deletion, the events of edge deletion and con- 

nection establishment also happen frequently. From this point of 

view, these models may not be applicable to describe the realistic 

P2P networks. 

In recent years, significant works have been focused on explor- 

ing the topology characteristics of practical networks. Many mea- 

surement methods and analytical models are proposed to mea- 

sure the network. In [15] and [16] , Crespelle et al. designed a 

method for the measurement of the neighborhood of internet core 

routers, which estimates the degree distribution of the IP-level 

router topology, referred to as the Neighborhood Flooding method. 

And the simulation results showed experimentally that Neighbor- 

hood Flooding method is free from the bias highlighted in the clas- 

sical approach and is able to observe properly the exact degree of a 

vast majority of nodes in the core of the network. In [17] , Arakawa 

et al. developed a modeling method to construct ISP router-level 

topologies. The presented ISP topologies had a quite different char- 

acteristic from other topologies attained with conventional mod- 

eling methods. In [18] Liu and Ansari proposed a shared user 

based affinity measurement between websites and built an affin- 

ity graph to represent the topology of observed mobile websites. 

This method is effective in identifying hidden website communities 

in mobile internet. In [19] , Li et al. utilized the theories of social 

networks and economic incentives to investigate the formation of 

P2P networks, and developed an analytical model to evaluate the 

impacts of system parameters on the emergence of self-organized 

P2P network structures. A framework with multilevel P2P forma- 

tion dynamics, incorporating individual sharing decisions, group 

admission, and group interconnections is presented. In [20] , Su 

et al. presented a measurement study on the topology character- 

istics of a real bit-torrent (BT) network. A hybrid BT measurement 

system with a combination of active and passive approaches and 

explored the BT peer exchange extension to collect connection in- 

formation among peers, discovered that a steady-stage BT network 

has a Gaussian-like peer-degree-frequency distribution, especially 

for a large scale swarm. In [21] , the heterogeneous characteristics 

of Internet applications and traffic are investigated from a com- 

plex network perspective. On the basis of the analysis of the flow 

records, a complex network model is developed for the flow graph 

growth. The results show that the model matches well the flow 

graphs in terms of both degree distribution and entropy dynamics. 

In this paper, we attempt to develop a more complete evolution 

model for P2P by additionally considering connection establish- 

ment and edge deletion. The model consists of four events, node 

addition, node deletion, connection establishment and edge dele- 

tion. These four events can capture the most important dynam- 

ics in the evolution of network topology. Therefore, by exploring 

the dynamic process of topology evolution, we derive a difference 

equation about P2P network degree distribution. We obtain the an- 

alytical solution for the difference equation, and discover some in- 

teresting results. This model may ease the analysis of the inter- 

play between P2P topology and user behaviors. Furthermore, we 

believe that the model presented in this paper can be extended to 

describe a class of generalized networks in which the edge dele- 

tion and connection establishment happen frequently. 

3. The new evolution model 

In this section, we will give a detailed description of the evo- 

lution model. Generally, there are four events that will affect the 

topology of a P2P application network, which are node addition 

& neighbor selection, node deletion, connection establishment, 

and edge deletion . Although may not realistic, we assume these 

events happen randomly. The happening of these events will cause 

the addition and deletion of both nodes and edges. We start this 

section by giving a general description of these events. 

At any time, a user of a P2P network may execute the P2P pro- 

gram, which logs into the P2P network and finds a number of ap- 

plication level neighbors for the user. In the P2P topology model, 

we can mimic this by adding a new node and establishing con- 

nections to nodes already in the network. We call such a process 

node addition & neighbor selection . With high probability, a user 

already in the network is willing to exchange some resources with 

others; he will find the resource that seems interesting to him and 

establish connections to some of the peers possessing the resource. 

We call this process connection establishment . When the con- 

nection between the requesting node and the requested one is es- 

tablished, the transmission of resource will start. The time that is 

needed to finish the transmission depends on the available band- 

width between the two nodes. If the transmission is finished or 

the user decides to interrupt that transmission, the connection be- 

tween the requesting node and the requested one is terminated. 

We model this process by deleting the edge between these two 

nodes, and call it edge deletion . In addition, the user may close 

the P2P program at any time for various reasons. If the P2P pro- 

gram is closed, the node representing the user in the P2P topology 

will be deleted and the connections associated with it will be re- 

moved too. We call this process node deletion . All of the above 

four events happen randomly in a P2P network, and the nodes 

and/or connections will be added or deleted accordingly. 
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