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Abstract
Caching is an imperative approach used to improve the data 
availability by sharing the cached data in wireless mobile 
network. But, the cache is to be updated frequently to provide 
recent contents to the nodes due to the high mobility. This 
mobility leads to the connectivity failure among mobile nodes. 
The mobility and connectivity failure causes more overhead and 
latency respectively. The mobility prediction of the nodes reduces 
the mobile disconnection that reduces the data access latency.  This 
paper proposed Energy Efficient Cluster Cooperative Caching 
(EECC) in that network is partitioned into non overlapping 
clusters and the cluster head is elected based on the energy level, 
mobility and connectivity. The hot data items in the cluster and its 
neighboring clusters have cached in the Local Cache Table (LCT) 
and the Global Cache Table (GCT), and updated periodically to 
maintain the consistency of cached data. Thus the efficient cluster 
head election and the cache updation decreases the latency, and 
frequent overheads in the network. Our simulation results shown 
that EECC approach reduces the latency, overhead than existing 
approach by increasing cache size and mean query generating 
time respectively. 
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I. Introduction
A Mobile Ad hoc Network (MANETs) is set of self configuring 
wireless MNs interacting without the support of any predefined 
network atmosphere. Peer to Peer communication is established 
between the nearest MNs and greatly applied in critical 
environments such as battles, disaster rescue, earthquake recovery 
and exploration of an area. 
The mobility nature of the nodes causes interference and multi 
path propagation. The mobility and the wireless transmission 
effect on attenuation causes changes in the topology of the 
MANETs [10]. The multi hop communication between remote 
resource stations leads to higher query latency and large energy 
consumption [12]. Battery energy limitation, deficient bandwidth, 
data availability and accessibility are major factors in MANETs 
due to the mobility of the MNs. Cooperative caching can handle 
these issues efficiently [9]. The sharing and the coordination 
between the MNs improving the data availability and data access 
efficiency [5]. The Cooperative caching approach handles the 
tasks such as redirection for data requests, cache placement or 
cache replacement [7]. Here, sharing and coordination is processed 
between the multiple nodes to reduce the bandwidth and energy 
consumption [11].

II. Problem Identification
The mobility of nodes causes the frequent cache update in the 
adhoc network. Hence it creates additional cache overheads. But 
most of the previous works on cluster based caching have not 
revealed any specific approach to handle the cache discovery 

overhead and mobile disconnection. In cluster based caching, 
most of the previous works did not deal with energy level and 
connectivity of the network for the cluster head selection. Hence 
there is a need to design a cluster based caching approach which 
effectively selects energy efficient cluster heads and reduces the 
disconnections due to mobility.

III. Related Work
Madhavarao Boddu and Suresh Joseph have proposed a cache 
replacement algorithm (LFU-MIN) based on the principle of 
least frequently used information with minimal number of page 
replacements. It offers an overview of caching policies designed 
specifically for Web objects [1]. Chauhan et al. proposed a scheme, 
called Global Cluster Cooperation (GCC) based on the physical 
network proximity the network topology is partitioned into non-
overlapping clusters. In this scheme, each client node maintains 
Cluster Cache State (CCS), which is the information regarding the 
contents of all the MNs within a cluster. In case of cluster cache 
miss, they developed to keep Global Cache State (GCS) at a node 
to meet the remote cache hit called Cluster State Node (CSN) 
[6]. Prashant Kumar et al. have proposed a proactive approach in 
which the data of leaving node is cached [3]. A LEAVE message 
is broadcasted by each MN when it makes movement from its 
zone to other. The zone manager will decide which data is to 
be cached based upon its Caching Information Table (CIT). It 
assists to improve the data availability and overall performance 
of the ad hoc network. Chauhan et al. have proposed a cache 
cooperation strategy called Global Cluster Cooperation (GCC) 
which is based on clusters [2]. This approach entirely exploits 
the pull mechanism to facilitate cache sharing in a MANET. For 
implementation we have evaluated the performance of our strategy 
based on global cooperation scheme with different cooperative 
caching schemes. Chand et al. have proposed Zone Cooperative 
(ZC) caching in mobile ad hoc networks. In ZC scheme, one-hop 
neighbors of a MN form a cooperative cache zone [8]. Hence the 
cost for communication with them is low both in terms of energy 
consumption and data exchange. Cache admission control and 
VALUE based replacement policy are developed as a part of cache 
management. It improves the data accessibility and reduces the 
local cache miss ratio. They also performed an analytical study 
of ZC based on data popularity, node density and transmission 
range.

IV. Energy Efficient Cluster Cooperative Caching
In this approach, the network topology is partitioned into non 
overlapping clusters [4]. The Cluster Head (CH) is elected by the 
cluster members based on the energy level and connectivity of 
the MNs. Each CH of the respective cluster maintains two tables 
namely the Local Cache Table (LCT) and the Global Cache Table 
(GCT). The LCT contains the information of cached data items 
present in the respective cluster whereas the GCT contains the 
information of the cached data items present in the neighboring 
clusters. Each CH periodically examines the Received Signal 
Strength (RSS) of cluster MNs and based on the RSS value, 
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predicts their movements. If a MN is about to move, the mobility 
information of that node is updated on both the LCT and GCT. 
Whenever the energy level or connectivity of any CH is changed, 
then cluster members commence the CH selection process again 
to find their new cluster head. Thus the CH is adaptively changed 
based on its performance, energy and mobility. When a data query 
is send from a MN to its CH, it checks for data items present in 
its LCT. If present, the cached data will be sent to the respective 
MN. If the data item is not present in the LCT, then the CH checks 
its GCT, to know whether the data item is present in any of its 
neighboring clusters. If present, the data item will be sent to the 
respective MN and a copy of it will be cached in the LCT.

A. Energy Conservation
The energy consumption of a node to transmit the k- bits of data 
to other node at d distance is equal to receive the k- bits of data. 
CH dissipates more energy than cluster members while transmit 
the MNs message. The energy (Eele) consumption of a node is 
50nJ/bit and transmission amplifier (εamp) is 100pJ/bit/m2. The 
energy consumption (Ec) of MN to transmit and receive k- bits 
of data in distance d per unit time computed based on circuitry 
dissipation and amplifier dissipation:

2
c ele ampE E . k . k.d= + ε     (1)

δt is duration of time while node acts as CH. The total energy 
consumption (Et) of MN computed as:

t cE E . t= δ      (2)
The remaining energy ER of CH is computed from initial energy 
(Ei) and total energy consumption (Et) is

R i tE E E= −      (3)
The MN with maximum energy is elected as a CH. If the ER  
computed of CH is lower than neighbor MN, then neighbor MN 
is elected as CH.

B. Connectivity Estimation
The connectivity is calculated based on the Signal-to-Interference 
Noise Ratio (SINR). The CH must consists at least minimum 
connectivity i.e. minimum acceptable number of neighbors with 
which the cluster-head has a bi-directional link with at any time 
t. 
SINR computed should be greater than SINR threshold (β) to 
correctly detect the data transmission from CHj to CHi at time 
t. 

∑+
=

kj
ikkEN

jiiEtSINR


),()(
),()()(
g

g

   (4) 
Let the Path gain in the absence of fading from the transmitter • 
of link i to the receiver of link j at time t denoted by γ(i,j). 
Let the transmission energy of the sender i is E(i)• 
Background noise is N. The high connectivity CH with its • 
nodes and other cluster-heads probably reduce its energy 
consumption.

C. Mobility Prediction 
The ad hoc network has a several papers in the area of mobility 
tracking that have used the concept of Hidden Markov Model 
(HMM) to model various hidden parameters. Hence, this study 
proposed the HMM model to track the mobility of MNs. A 
HMM is defined with a finite set of states, a set of state transition 
probabilities, an output symbols and a set of emission probabilities. 

The emission probabilities emitted from each state represent 
the distribution of output symbols. In HMM, transition makes 
between states and emitting an output sequence. However, the 
output sequences of state transitions are hidden and observed 
sequences by emitted symbols. 
Let CH1, CH2 ,….CHn be the CH’s in the network. The list 
consists the positions of other CH’s are known by each CH. The 
MN movements are in the hidden state. The observed states are 
taken from the Received Signal Strength (RSS) values sent by 
MN. The home CH tracks the list of possible CHs that are in the 
movement direction of a MN.
Let MN1, MN2, MN3 …MNm be the members of CHj
The CHj gathers the RSS values from its MN’s at regular time 
intervals
Let RSS1 be the measured signal strength value of MN1 at a 
period of t1
Then RSS2,RSS3,….RSSk are the measured signal strength value 
of MN1 at k time intervals t1,t2,….tk which are considered from 
the observed movement sequences D = D1,D2,…..DN over time 
k
This is provided by probability that the observed sequence D 
was generated by the hmm model λ. Let H = {H1, H2,….HN} 
be a state sequence. Also, let us assume that the observations are 
independent. Hence:

K

K K
i 1

P(D | H, ) P( | , )D H
=

λ = λ∏
   (5)

i1d1 i2d2 ikdk O ,O ,....O=     (6)
Probability of any state sequence is:
P (H|λ) = ηi1 Ui1i2 Ui2i3…..Ua(k-1)ak
Hence:

H
P(D | ) P(D | H, ).P(D | )λ = λ λ∑

   (7)
Finally the value of λ is determined to maximize P (D|λ) i.e., to 
train the model given a set of observations. This can be computing 
by new λ based on λ0 and given D. The iteration stops while it 
equal to ε as
log P(D|λ)-log P(D|λ0) < ε   (8)

D. Cluster Formation
The cluster is formed based upon the lowest id and spatio-temporal 
stability factor of the MNs, since its low overhead. The beacon 
signal Sb broadcast by MNs with unique id (ID), Status (s), 
Location (L) and Stability Factor (SF) information. Stability Factor 
includes the battery energy, mobility and reliable connectivity. 
The lowest stability factor node selected as CH which consists 
large energy, low mobility and reliable connectivity. Neighbors 
list updates with neighbor ID (NID). Let NACK be the neighbors 
acknowledgement packet which contains node type, node id, 
stability factor, relative mobility.
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 Algorithm 1 cluster formation
 Node broadcasts beacon signal Sb and starts a timer T1
 NID = 0
 while T1 > 0 do
  if NACK arrives then
   NID = NID +1
  end if
 end while
 for NID = 1 to n do
 Estimates the SF and energy of all MNs from Sb
 T2 is initialized
 if (SF[NID]< SF[NID+1]) and E[NID] > E[NID+1] then
 NID select as CH
 NID=NID+1
 end if
 end for

E. Maintenance of Cluster Table
Each CH of the respective cluster maintains two tables namely 
the Local Cache Table (LCT) and the Global Cache Table (GCT). 
Each MN sends a beacon messages with timestamp periodically 
which update their LCT to reveal their presence as neighbors in 
the cluster. CH arranges the MNs in order of stability factor. The 
lowest SF node more likely will be elected as CH. If more nodes 
have same SF, ID will be taken for CH election and assigns new 
IDs to the MNs inside the cluster. The MNs update their IDs and 
restarts the cluster formation. 
When the MN moves from one cluster to another cluster, it CH 
receives new MN’s beacon message. CH assigns new ID to the 
added MN and update the GCT. This CH sends the updation 
message to all clusters GCT in the network. The cluster ID of 
the cluster which contains the node is also updated. A timer is set 
in order to check the consistency level. The cache table is again 
updated with the new values once the time expires. 
Updating node’s cache tables: Consider the set of clusters as C1, 
C2, C3, . . . .Cn with cluster heads CH1, CH2…CHn . Let CHi 
be the home CH for the node MNi.

Algorithm 2. Node’s cache updation:

 {RSS values calculated in each node}
 n is number of clusters
 for i = 1 to n do
 CHi estimates RSS values from MN’s at regular period t1
 end for
  if MNi makes movement to neighbor cluster then
 Calculate the MNi position by observed sequences
 MNi detects new CHj’s beacon Sb and added to CHj cluster
      and starts timer T2
 Update the LCT and GCT of CHj before T2!=0 and start T3
 end if
  while T3!=0 do
   if MNi is in cluster CHj then
  CHi removes MNi from its LCT
   end if
 CHj updates all other CHs GCT in network
 end while

F. Data Retrival Processing
When a MN needs a data item , it sends a query to its home Cluster 
Head (CHi). Then cluster head searches for data in its LCT. If 

LCT of CHi contains data, then it replies the information of the 
node containing data to MN. Otherwise CH2 checks GCT that 
contains neighboring cluster head’s (CHj) information.
The fig. 1, shows that neighbor Cluster Head (CH6) contains data 
item, sends the information of node containing data as a REP to 
the CH2 and CH2 forwards the REP to MN. Once MN receives 
data, it caches the data item in its local cache and CH2 updates 
the LCT with MN.
 

 CH6 

 CH3 
 CH2 

 CH1 

 CH4 

 CH5 

 Cache Node     Normal Node   Cluster Head 
 

- CH aware of neighbor clusters  

- MN Request Data its CH 

- Data transmit from Cache node to MN 

Fig. 1: Data Transmission Through Cluster Heads

V. Simulation Results

A. Simulation Model and Parameters 
We use Network Simulator Version-2 (NS2) to simulate our 
proposed protocol in our simulation with channel capacity of 
MNs is set to the same value 2 Mbps. 
Our simulation settings and parameters are summarized in Table 
1.
Table 1:
No. of nodes 70 
Area size 1000×1000
Radio range 250 m
Simulation time 100 sec

Cache size 200, 400, 600, 800, 1000 and 
1200 KB

Mobility model Random way point
Speed 5 m/sec
Database size 1000 items
Data size 500 bytes
Mean query 
generating time 2, 5, 10, 20, 50 and 100 sec

We use the Distributed Coordination Function (DCF) of IEEE 
802.11 for wireless LANs as the MAC layer protocol. It has the 
functionality to notify the network layer about link breakage. In 
our simulation, MNs move in a 1000×1000 m region for 100 sec 
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simulation time. The network size is 70 nodes. We assume each 
node moves independently with the same average speed 5 m/ 
sec. All nodes have the same transmission range of 250 m. The 
simulated traffic is Constant Bit Rate (CBR).

B. Performance metrics 
We compare our Energy Efficient Cluster Cooperative Caching 
(EECC) with the Global Cluster Cooperation Strategy in Mobile 
Ad Hoc Networks (GCC) [2] protocol. 
We evaluate mainly the performance according to the following 
metrics.

1. Average Query Latency
The average latency involved in submitting a query from the client 
and getting the reply.

2. Control Overhead
The control overhead is defined as the total number of control 
packets normalized by the total number of received data 
packets.

VI. Results

A. Based on Cache Size
The simulation result depicts latency by varying the cache size 
as 200, 400, 600, 800, 1000 and 1200 KB with mobile speed as 
5 m/sec.

 
Fig. 2: Cache Size Vs Latency

When the MN’s cache size is increased, due to additional caching 
capacity to store the data items, the query latency and overhead 
have decreased. The MN’s position is predicted in our proposed 
model. Hence it reduces the latency to reach the data item’s source. 
From figs. 2 and 3, shown that our proposed EECC protocol has 
less query latency and control overhead than the existing GCC 
protocol. Because EECC avoids the frequent updating of cache 
due to additional cache size.

Fig. 3: Cache Size Vs Overhead

B. Based on Mean Query Generating Time
The fig. 4, shows the result by varying mean query generating time 
of the MN’s as 2, 5, 10, 20, 50 and 100 sec with 400 KB client 
cache size. While low query generating time (Tq) more number 
of queries are generated and nodes workload is high. Hence the 
latency is high. But increasing in the Tq generates less number 
of queries which causes the system workload is low. 

Fig. 4: Mean Query Generating Time Vs Latency

Hence, the latency and overhead is decreased slowly due to 
mobility prediction and query generating interval of the MN. 
From figs. 4 and 5, shown that our proposed EECC protocol has 
less query latency and control overhead than the existing GCC 
protocol. 

Fig. 5: Mean Query Generating Time Vs Overhead
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VII. Discussion
The simulation shown that the proposed cluster based caching 
approach reduces overhead 2.2% and latency 6.9% with respect 
to cache size, and reduces overhead 2.4% and latency 6% with 
respect to mean query generating time. The results proved that the 
proposed approach provides better performance than the existing 
approach.

VIII. Conclusion
In this paper, we have proposed a Energy Efficient Cluster 
Cooperative caching which effectively selects energy efficient 
cluster heads that reduces the disconnections due to mobility. Each 
of the clusters maintains two tables namely the Local Cache Table 
(LCT) and the Global Cache Table (GCT). The LCT contains 
the details of cached data items present in the respective cluster 
whereas the GCT contains the details of the cached data items 
present in the adjacent clusters. Thus the data availability is 
improved by caching the data. The mobility is predicted based on 
the RSS value and movement of the nodes is updated in the LCT 
and the GCT nodes. The home cluster checks the LCT initially 
and if the data is not present in the cluster it checks the GCT. The 
respective CH sends a reply to the client MN. The cluster tables 
are updated and thus the reduced frequent overheads in the cache 
discovery. From our simulation results we have proved that this 
caching approach is effective in mobility prediction. From the 
simulation results, we have shown that this caching approach 
outperforms the existing approach in terms of  cache size and 
mean query generating time.
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