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1 Introduction and Motivation 
 
Several peer-to-peer (P2P) applications require a global view of 
system information such as data access frequencies, item 
frequencies, query and event counts, that are available locally and 
partially at peers. Frequent item set discovery (FID) in a 
distributed environment is a common problem requiring global 
information computation.  
 
Items that globally occur more than a threshold value are referred 
as frequent or popular. Furthermore, the number of diverse 
applications that need globally frequent items is increasing 
expeditiously in today's P2P networks. Therefore, efficiently 
discovering frequent items would be a valuable service for peers 
[Li and Lee 2008]. The FID problem is also applicable to 
distributed database applications, cache management, data 
replication, sensor networks, and security mechanisms. 
 
In this work, we developed a simulation tool for ProFID protocol 
and explained its utilization features. Our tool provides the users 
to analyze the effects of the protocol and network parameters. 
 

2 Technical Approach 
 
We propose and develop an epidemic-based (gossip) distributed 
approach, namely ProFID (Protocol for Frequent Item Discovery) 
[Cem and Ozkasap 2013], for discovering frequent items in 
unstructured P2P networks. In contrast to the prior studies, our 
solution progresses in a fully distributed manner using an atomic 
averaging function to discover frequent items. Utilizing averaging 
function with epidemic-based aggregation in frequent item set 
discovery problem and a practical convergence rule are novel and 
beneficial features of our approach. We have also used the ProFID 
toolkit in the energy efficient P2P epidemics study [Ozkasap, 
Cem, Cebeci, and Koc 2013]. Figure 1 shows an illustrative 
example for items (i.e., file types) and their frequencies. 
 
We consider an unstructured P2P network consisting of N peers 

with unique identifiers. Every peer knows only a subset of other 

peers, namely its neighbors in the network. In order to have 

knowledge about system wide information, peers have to 

collaborate and obtain information about all peers’ states in the 

network. In order to collaborate and communicate, peers need to 

know the identifiers of their neighbors. This neighborhood 
relation determines the topology of an overlay network which is a 

non-directed graph. Peers communicate mutually by push–pull 

gossiping via periodic rounds. Round duration determines how 

often a peer sends a local state to its neighbor(s). It should be long 

enough to complete a push–pull communication. Since peers use 

clocks to perform periodic operations only, it is not necessary to 

synchronize their local clocks. We also assume that peers may 

leave (intentionally or due to failures) or join the network at any 

time. 

 

 

 
 
 
 
 
 
 
 
 
 

 
Figure 1. ProFID: Protocol for Frequent Item Set Discovery. 

 
3 Implementation 
 
We developed models for ProFID and adaptive Push-Sum 
protocols (i.e., adaptive ProFID, hierarchical ProFID, and Push-
Sum) on the PeerSim simulator. To perform experiments with the 
simulator, users are able to set protocol and network parameters 
by the interface. Furthermore, ProFID provides users to analyze 
the effects of network parameters on different network topologies 
such as Barabasi-Albert, Erdos-Renyi, Watts-Strogatz etc. Our 
tool allows users to analyze the churn effect on the protocol 
models. In order to include the churn model in PeerSim, we 
developed a module that takes the availability trace (AVT) file as 
an input. Before selecting the protocol from the interface, users 
simply upload the AVT file which generated based on the Yao 
model. We consider the following performance metrics in the 
analysis: 
Convergence time: measures how fast the algorithm converges.  
Number of messages sent per peer: measures the message cost 
and energy efficiency of the algorithm. 
Precision/Recall: measures how accurate the actual and estimated 
frequent items based on true positives, false positives and false 
negatives. At the end of the experiments, our tool generates a 
report file consisting of these performance metrics. 
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