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a b s t r a c t 

Peer-to-peer (P2P) networks have gained importance and spread significantly during the 

last decades resulting in raised research interest in this area. The basic premise of P2P 

design is higher scalability and many existing large-scale applications, such as Twitter and 

Skype, use a form of P2P design. Although structured P2P designs enable one to guarantee 

finding of every item (rare or popular), they do not scale beyond a point and support from 

servers are needed. This breaks the decentralized design of the P2P system and results in 

a hybrid scheme. Unstructured P2P networks, on the other hand, can scale to much larger 

nodes but yet cannot give time guarantee for finding a rare item. 

Topological characteristics of unstructured P2P networks have impact on the efficiency 

of a search for items. Earlier studies have shown that popularity of the nodes has signif- 

icant impact in the self-organization of the overlay topology. It is well known that un- 

structured P2P designs are very good when searching for a popular item. But, when a new 

trend is emerging, it is a rare item until it becomes highly popular. During that transitional 

period, unstructured designs suffer from inefficiency in finding to-be-popular (TBP) items. 

Such TBP items could be stuck at nodes with small degrees and thus become hard to find. 

We hypothesize that if the overlay topology is established and grown with a more proac- 

tive consideration of the items’ popularity, the delay in finding TBP items could be reduced 

significantly. Further, such topology growth will reduce the search time for popular items. 

Thus, the overall search performance of the P2P system will significantly improve as well, 

since most of the searches are for popular items. In this paper, we investigate incorporat- 

ing item popularity into the overlay topology in a scalable way. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

Peer-to-peer (P2P) networks have gained importance 

and spread significantly during the last decades resulting 

in raised research interest in this area. The basic premise 

of P2P design is higher scalability and many existing large- 
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scale applications, such as Twitter and Skype, use a form of 

P2P design. In P2P networks, a peer can search and down- 

load resources from other peers while contributing own 

resources to others in the same network. The approach 

of peering distributes the load and functions across the 

participant peers/nodes, and hence, attains a much better 

scalability in comparison to centralized designs. The peers 

typically use an overlay topology to search and find each 

other to share or exchange their resources. Although over- 

laying has excellent advantages in providing fast deploy- 

ment of protocols and flexibility in function placement, it 

can cause significant holdbacks in terms of performance 

if not carefully handled. Particularly in unstructured P2P 

networks [1] , the characteristics of the overlay topology 
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have profound impact on the efficiency of flooding-based 

P2P search and applications. 

Several algorithms have been designed for constructing 

the topology of unstructured P2P networks [2] . These algo- 

rithms typically devise a distributed mechanism by defin- 

ing how a new node joins or an existing node leaves the 

network. With the assumption that every node is a peer 

and the same, most of the recent work on this topic looked 

at using node degree for organizing the topology. In fact, 

every node or peer in these networks may be different 

than others in terms of computation power, bandwidth, ca- 

pacity and the resources that it is sharing. One implicit 

way of determining which node has more resources is to 

measure how popular the nodes are. This imbalance of re- 

sources naturally gives rise to a skew in the popularity of 

the nodes, as some nodes become more popular due to 

their larger resources and/or the popularity of the items 

it is maintaining. Intuitively, if a node has more and espe- 

cially popular items, then more peers will be interested in 

interacting with that node. This intuition also can be used 

as the foundation for relating popularity of the nodes to 

their degrees, since peers will be interested in establish- 

ing and maintaining a link to a resourceful node only. Fur- 

ther, some nodes may become more popular if they have 

items that everybody is looking for. Other peers will want 

to create a connection with these popular nodes. There- 

fore, the term “popular” in this context means having rel- 

atively higher number of links compared to other nodes in 

the system. 

Another key issue the existing P2P topology construc- 

tion algorithms need to address is the efficient and effec- 

tive treatment of trends and memes in the recent social 

networks [3,4] . Handling such trends and memes in a scal- 

able way alongside with the growing usage of device-based 

networking and sharing applications (such as Twitter) is a 

challenge [5] . It is well known that unstructured P2P de- 

signs are very good when searching for a popular item. 

But, when a new trend is emerging, it is a rare item until 

it becomes highly popular. During that transitional period 

unstructured designs suffer from inefficiency in finding to- 

be-popular (TBP) items. Such TBP items could be stuck 

at nodes with small degrees and thus become hard to 

reach. We hypothesize that if the overlay topology is estab- 

lished and grown with a more proactive consideration of 

the items’ popularity, the delay in finding TBP items could 

be reduced significantly. Further, such topology growth will 

reduce the search time for popular items. Thus, the over- 

all search performance of the P2P system will significantly 

improve as well, since most of the searches are for popular 

items. 

The primary focus of this research is to find scalable 

ways of embedding the item popularity into the overlay 

topology so that flooding-based search on overlay topolo- 

gies is efficient. We introduce a popularity parameter for 

each node, which is based on the popularity of the items 

that the node has. This information is used when a new 

node wants to join the network. Topologies are generated 

based on this factor along with degree. In order to give 

our method a practical perspective, we limit the number 

of neighbors of a node to a predefined value indicated by 

hard cutoff [6] . The ad-hoc nature of peers is exploited 

Fig. 1. Comparison of degree distribution of popularity ( P p = 100 ) and de- 

gree ( P d = 100 ) based P2P overlay topologies with a degree cutoff k c = 20 : 

Popularity-based overlays have fatter tail, indicated by the smaller power 

exponent, γ = 2 . 07 . 

by rewiring the network upon failure or departure of a 

peer. We also investigate the effect of these popularities 

and rewiring of ad-hoc nodes on the P2P search efficiency. 

Our test results show the pattern in Fig. 1 for a 

high-level comparison of degree-based topology and our 

popularity-based topology. Detailed analyses of the results 

show us the following: The number of minimum and 

close-to-minimum degree nodes is higher in the degree- 

based topology. This is not desirable since having only 

few neighbors will affect the search performance of the 

topology. As the node degree increases, our popularity- 

based topology has more nodes than the degree-based 

topology. Having high degree nodes results in more con- 

nected topology, which eventually increases the search 

performance. The only advantage of degree-based topol- 

ogy is that the number of maximum degree nodes is 

slightly higher than our popularity-based topology. Even 

though this feature helps degree-based topology for im- 

proved search performance, it is not enough to perform 

better than our popularity-based topology 

1.1. Contributions 

Popularity of the nodes has significant impact in the 

self-organization of the overlay topology. Power-law graphs 

have super-hubs which can be considered as the “cen- 

ter” of the topology. The most profound property of these 

super-hubs is their large degree. Yet the research shows 

mixed results [7] on power the existence of power-law be- 

havior in P2P networks. It was reported [8,9] that power- 

law behavior emerges in unstructured P2P networks if 

nodes that are close to the edge of the topology are ex- 

cluded. Several studies [10–12] showed small-world topol- 

ogy for P2P networks. Small world topologies do not have 

super-hubs. But, the “center” is the node(s) where be- 

tweenness centrality is the maximum. Even for small- 

world networks, betweenness centrality is higher at nodes 

equally farther away from the leaf nodes, which usually 

causes those nodes to be at the cross-section of many 

end-to-end paths and hence have a higher degree [13] . 
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