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Abstract— A mobile ad hoc network (MANET) consists of various mobile nodes that can communicate with each other without any 
fixed infrastructure. The nodes in a MANET operate with batteries and move freely. Thus a node drains its battery and moves away 
without giving any information to its cooperative nodes. A route in the MANET consists of multiple links in series so the lifetime of 
the network depends on the lifetime of the wireless link and the lifetime of the nodes. An energy efficient clustering mechanism with 
firefly algorithm and fuzzy logic is proposed. Firefly algorithm is best suited for optimization problems. The combination of Firefly 
algorithm with Fuzzy logic is used to form energy efficient clusters using distance and energy level of every node. This algorithm is 
designed for reducing the energy consumption and prolonging the system lifetime. Energy Efficient File Sharing (EEFS) is 
demonstrated to confirm improvement in file sharing in MANET-P2P networks. The proposed work shows a significant improvement 
in file sharing in terms of throughput, hit rate, average delay and energy consumption. 
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I. INTRODUCTION 

A Mobile Ad-hoc Network (MANET) consists of varying number of mobile nodes that can directly 
communicate between one another or through intermediate nodes. Examples are Military sector and 
Commercial networks. Without any routers, Internet Service Providers (ISP) and Base Stations (BS), 
wireless devices can directly interact with each other. Often, nodes in a MANET operate with batteries and 
can roam freely and thus, a node may exhaust its energy or move away without giving any notice to its 
cooperative nodes. In MANETs, a route consists of multiple links in series and its lifetime depends on the 
lifetime of each node, as well as the wireless links between adjacent nodes. In file querying and file 
sharing activities these nodes are like the nodes in a Peer-to-Peer system. Efficient and trustworthy file 
querying is important to the overall performance of Peer-to-Peer (P2P) file sharing systems. MANETs are 
facing a lot of challenging issues that affect their performances such as scalability, security, energy 
limitation and wireless data range limitation. 

Mobile nodes in MANET are logically divided into virtual groups called as clustering. 
Geographically adjacent mobile nodes are allocated into the same cluster. Each cluster contains Cluster 
Members (CM) and Cluster Head (CH). Each mobile node has a unique id. CH acts as a local coordinator 
for its cluster and also takes the responsibility of intra-cluster and inter-cluster communication. Clustering 
can be used for achieving scalability. CH acts as a virtual backbone for inter-cluster routing. Each cluster 
creates small groups in MANET. It reduces the information processed and stored by each mobile node. 
Cluster Head (CH) is a special mobile node with additional functions. Clustering protocol can be classified 
into two types: CH based clustering and non-CH based clustering. Based on hop distance between nodes it 
is called as 1-hop clustering and multi-hop clustering. 

II. RELATED WORK 

 Hassanzadeh & Kanan [1]  proposed a new fuzzy based modified version of the standard FA 
called Fuzzy Firefly Algorithm to improve the global search of FA. To increase the speed of finding global 
optima, brighter fireflies are used. Each firefly depended on its attractiveness which is considered as a 
fuzzy variable in FFA. 
 The proposed FFA was compared with well-known benchmark functions and it was found that 
the exploration rate was better than the standard FA. 
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 Khatri et al. [2] proposed a dynamic address allocation algorithm for MANET. In MANETs 
connections between nodes are established mostly as multi-hop communication. Address allocation on a 
traditional infrastructure based system is done by using centralized architecture. But ad-hoc networks do 
not have a central directory and therefore address allocation cannot be done like traditional infrastructure. 
 Lee et al. [3] proposed a peer-to-peer file sharing protocol in MANET using network coding 
and single-hop data communication. The authors show that P2P file sharing in MANET is performed well 
by using the network coding with single-hop communication. This protocol also helps in handling the 
MANET issues like dynamic topology, number of intermediate nodes connectivity, node/user density, 
non-cooperativeness and unreliable channel. The authors have shown through simulation experiments that 
the proposed protocol decreased downloading delays when compared with existing protocols. 

III. FIREFLY FUZZY ALGORITHM (FFA) FOR CLUSTERING 

 The main objective of this paper is to formulate a method for efficient file sharing in peer to 
peer MANET environment. Efficient clustering mechanism divides the network into multiple virtual 
groups, based on rules to discriminate the nodes allocated to different sub-networks. The main reason for 
clustering is to achieve scalability in large networks and high mobility for efficient routing. A proper 
structure of the network is developed by the clustering process. The mobile nodes are marked as cluster 
head and cluster member within the cluster. A node which has a link between two cluster heads is known 
as cluster gateway. The member nodes in the cluster are the nodes which have the connection with one 
cluster head. Forwarding of packets to the base station or other cluster head is the role of cluster head. The 
cluster head limits the cluster boundaries and provide unique ID to the cluster. Various clustering methods 
are used for the clustering process.  
 

 

 
Fig. 1 Block diagram of EECM-FFA 

 

 The initialization process involves the parameter setting such as number of nodes, packet size, 
initial energy etc. and setting the environment. 
 A single node is first initialized into a network. This node broadcasts the request to join in the 
network. If the node does not get a reply for a particular time period then it decides that a network does not 
exist and it creates the network. A network prefix and a subnet mask which decides the address range are 
selected by the node, which by default is 0.0 to 255.255. The node that initialized the network takes the 
first address from the selected address range, for example 23.1.0.0. The node makes the id unique by 
selecting and adding a MAC address. This address is ‘NetID’. This NetID does not change during the 
lifetime of the network. 
 In the proposed work the Firefly algorithm and Fuzzy c-means algorithm are combined. This 
combination is implemented for reducing the energy consumption and increasing the system lifetime. A 
Firefly Fuzzy will act as a self-organizing controller that automatically proceeds according to the Fuzzy 
rules. The combination of Firefly algorithm with Fuzzy logic will produce higher degree of optimal 
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problem solving technique. This algorithm considers each node as a firefly. The Firefly Fuzzy algorithm 
forms energy efficient clusters using distance and energy level of every node.  
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Fig. 2 Flow chart of firefly fuzzy algorithm Cluster Head Formation 
 

 In the cluster head formation the cluster head selection is the important process. The node with 
high power backup and high relative stability is taken as the cluster head. The cluster head is selected from 
the normal nodes which have some special characteristics. The cluster head enables a proper network. It 
performs as a local coordinator for forwarding packets to the network and it is mobile. When ordinary 
member node needs to send a packet to the destination node it sends the packet not directly to the 
destination node. First it sends the data packet to the cluster head within the cluster. If the destination node 
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is present within the same cluster the cluster head forwards the packet to the destination node; otherwise it 
transmits the data packet to the cluster head of the destination node. 
 
Pseudo code for firefly fuzzy clustering algorithm 
Input: Population of fireflies, maximum number of generations (Maxgen), Centroid matrix, Fuzzy membership function 
Output: Energy efficient cluster 
Step 1: Initialize the Firefly algorithm 
Step 2: Compute the objective function 
Step 3: Generate the initial population of fireflies 
Step 4: Evaluate the fitness value of fireflies from objective function 
Step 5: Initialize the algorithm parameters 
Step 6: while (t < Maxgen) 
 for p = 1: n 
 for q = 1: n 
 if (Eq < Ep) 
 Move Firefly q towards Firefly p using equation (3.3) 
 end if 
 update the fitness value of fireflies 
 end for q 
 end for p 
 rank the fireflies and find the current best for next iteration 
 end while 
Step 7: Rank the fireflies and find the best cluster position  
Step 8: Initialize Fuzzy c means algorithm 
Step 9: Initialize the membership function 
Step 10: Calculate Fuzzy centroid for all clusters 
Step 11: Compute the new membership function using equation (3.7) 
Step 12: Update the membership function 

Step 13: Stop the process when       kxikxi 1  otherwise repeat step 11 and 12 

 

 

IV. STEPS IN ENERGY EFFICIENT FILE SHARING (EEFS) 

 The Energy Efficient File Sharing (EEFS) procedure is based on the energy efficient clustering 
mechanism - FFA. The FFA is a clustering mechanism that produces energy efficient clusters. The 
combination of Firefly algorithm with Fuzzy logic produces a higher degree of optimal problem solving 
techniques. This combination produces energy efficient clusters using distance and energy level of every 
node. 
 An Efficient File Sharing has the following requirements: 
  

 High Hit Rate  
 Low Average Delay 
 High throughput 
 Less energy consumption 

 The network is split into number of clusters; every cluster will have a cluster head. For 
example, Cluster A (CA) has cluster head CHA and nodes as n1, n2, n3, etc. and cluster B (CB) has a 
cluster head CHB and nodes as m1, m2, m3, etc. Suppose node m3 in CB broadcasts a file request. The 
cluster head CHB in CB takes the responsibility of monitoring the popularity of the file. If the file which is 
to be sent is in the popularity list of CB, then the file is shared locally within the CB (which is intra cluster 
file sharing) or else the request is broadcast to the nearby clusters. Assume the file is available in CA with 
node n1. Now the node n1 performs the file segmentation. And also identifies the relay nodes which have 
high energy and high trust. After identifying the relay nodes, n1 distributes the segments to the relay nodes. 
Relay nodes transfer the segments to its cluster head CHA. Cluster head CHA transfers the segments to the 
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destination cluster head CHB. The destination cluster head CHB transfers the segments to the destination 
m3.  

V. RESULTS AND DISCUSSIONS 

A. Simulation Parameters 

The simulation for testing the performance of EEFS is completed in the current phase. The proposed 
EETM-P2P framework is tested using NS2.35 simulator and the results are compared with CACHE 
algorithm by Yin & Cao [4] and Priority Competition and Split replication protocol (PCS) by Chen & 
Shen [5]. The simulation parameters are given in Table I 

TABLE I 
SIMULATION PARAMETERS 

Parameters Values 
No. of Nodes in five 
stages 

20, 40, 60, 80, 100 

Area Size 1000 m X 1000 m 

Simulation Time  1000 s 

Communication range 250m 

Average movement speed 6 m/s 

The size of a file (kb)  1 – 10 

Number of files in each 
node 

10 

TTL of each request 200 s 

Initial sending power 0.660 J 

Initial receiving power 0.395 J 

Initial idle power 0.035 J 

Initial energy  10.3 J 

 

B. Evaluation Metrics 

 The file sharing was tested based on an example scenario. The effect of increase in number of 
nodes and speed of nodes was studied. The metrics used in this phase are hit rate, average delay, 
throughput and energy consumption. 

1) Hit Rate: Hit rate is the percentage of requests successfully resolved by the original file. 
 

 
 

Fig. 3 Hit Rate vs Number of nodes 
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 The EETM-P2P framework achieves higher hit rate than PCS and CACHE (Figure 3). The average hit rate in 
                       EETM-P2P in the overall range of 20 to 100 nodes is 1.76% more than PCS and 4.60% more than CACHE.  

2) Average Delay: Average delay is the average of delays of all requests. To make the comparison fair all requests 
are included in the calculation. For unresolved requests the delays are set as the TTL. 
 

 
 

Fig. 4 Average delay vs Number of nodes 
 
 Figures 4 shows the plots of average delay versus number of nodes. It is seen that EETM-P2P has less average  
  delay than PCS and CACHE when the network is scaled up. The range average of these values in EETM-P2P is  
  7.85% lower than PCS but 30.12% lower than CACHE. This confirms the claim in EETM-P2P framework that  
  scalability is effectively handled.  
 

3) Energy Consumption: Fig. 5 shows the energy consumption with respect to number of nodes and transmission 
rate in comparison with PCS and CACHE. Average speed is considered less appropriate and hence is not considered. 
 

 
 

Fig.5 Energy consumption vs Number of nodes 
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Fig. 6 Energy consumption vs Transmission rate 

 
 The proposed framework consumes less energy than PCS and CACHE as the network is scaled up. Fig. 6 
compares the variation of energy consumption by the proposed framework, PCS and by CACHE, against the number 
of nodes. It is found that the proposed method consumes 7.18% and 8.75% less energy on average than the PCS and 
the CACHE methods. Figure 6.12 compares the variation of energy consumption by the proposed framework and by 
the PCS and the CACHE methods, against the transmission rate. It is found that the proposed method has 10.31% and 
13.99% less energy consumption on average than the two methods respectively. 

4) Throughput: Fig. 7 shows the variation of throughput with respect to number of nodes. The proposed framework 
has higher throughput than PCS and CACHE. Figure 7 compares the variation of throughput by the proposed method 
and by the PCS and the CACHE methods against the number of nodes. It is found that the proposed framework has 
3.48% and 5.57% higher throughput on average than the PCS and the CACHE methods respectively.  
 

 
 

Fig. 7 Throughput vs Number of nodes 

VI. CONCLUSIONS 

 The proposed Energy Efficient File Sharing (EEFS) mechanism is tested in this phase. The hit 
rate, average delay, energy consumption and throughput are used as the evaluation metrics.

 

The proposed 
framework is compared with PCS and CACHE methods. The results by EEFS compared well with results 
by the other two methods in respect of hit rate and average delay. In respect of throughput and energy 
consumption comparison with PCS and CACHE methods shows that the EEFS method is more efficient in 
throughput and energy consumption. 
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