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Abstract- Mobile Ad hoc Networks are featured by dynamic changes in the network. Being infrastructure-less routing plays 
a vital role. In a classical network routing mechanisms, the route with the minimal hops is normally chosen for transmission 
of data from source to destination. Reactive protocol like   Dynamic Source Routing (DSR) uses route caching to minimize the 
routing overhead and latency during route discovery. The protocol need to adjust to the frequent topology changes in order the 
cache to be utilized effectively. Frequent data communication along one path in network results in the depletion of node energy 
so an alternate path may be preferred .In this paper, an efficient multipath routing protocol (EM-DSR) based on DSR is 
proposed. The main task of the proposed protocol is to find multi-paths from source node to sink node considering the 
maximum residual energy of the path to transmit the data.  Compared to single-path DSR, the proposed routing protocol 
improves the network lifetime. The results are simulated using NS-2. 
 
Index Terms- DSR, Multipath, Residual Energy, Transmission Energy 
  
I. INTRODUCTION 
 
Mobile ad hoc networks (MANET) are 
infrastructure-less without support of a fixed base 
station. In such a network, nodes are normally 
identified by their limited battery life, power, 
processing, and memory with frequent mobility. 
Because of the limited transmission range in a 
wireless network, multiple hops are needed for 
information exchange from a given node to any other 
node in the wireless network. Hence routing protocols 
play a vital role in MANETs. 
 
Source Initiated routing is the most important routing 
methodology. Periodic exchange of routing 
information brings in added routing overhead [1][2]. 
Source initiated routing protocols discover routes only 
when a node needs to send data packet to a destination 
when any route does not exist. Existing on-demand 
routing protocols like DSR and Ad hoc On-demand 
Distance Vector (AODV) build and rely on single path 
for data transmission. So route recovery process is 
requires after each route failure, which causes to loss 
of data packets and delay in find new route.  
 
Multipath routing mechanism allows the construction 
of multiple paths from a given source and destination. 
It is normally proposed in order to increase the 
stability of data transmission and to provide load 
balancing [3][4][5]. In such type of   protocols, traffic 
is not distributed into multiple paths; only single route 
is primarily used and alternate paths are utilized only 
during route failure. An Efficient Multipath Dynamic 
Source Routing (EM-DSR) protocol based on DSR is 
proposed in this paper that uses path in secondary 
cache. The paper is organized as follows. Section II 

describes the literature survey in detail Section III 
explains the DSR protocol, Section IV the proposed 
EM-DSR protocol. The simulation results are 
presented in section V in order to evaluate the 
performance of the protocol and conclusion remarks 
are made in section VI. 
 
II. LITERATURE SURVEY 
 
Finding an efficient route from a given source to 
destination is one of the most important challenging 
aspects of a MANET. Many routing protocols have 
been proposed [6][7][8] that overcome the added 
overhead of the route reconstruction during link 
failure. Some traditional reactive routing protocols 
such as Dynamic Source Routing (DSR) and Ad hoc 
On-demand Distance Vector (AODV) add a function 
to establish multiple paths. Utilization of cache is a 
primarily concern with routing in MANET using 
existing on demand protocols. 
 
Benefits of replies from caches on the route discovery 
latency and routing overhead using a suitable protocol 
was proposed [9]. The proposed protocol identified 
59.4% good replies only in a 50-node network and 
about 40% of the route reply packets which were 
received by the initiator contained stale routes during 
route discovery. Further the existing protocols were 
improved in [10] to show that stale routes can 
considerably degrade TCP performance. Analysis 
using the three effects of cache choices: cache 
structure, cache capacity and cache timeout, for 
on-demand routing protocols was further proposed 
[11]. It was found that the link cache was a better 
option than the path cache. The capacity of the caches 
is unlimited. With no cache timeout mechanism   
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performance the caches degraded. An adaptive 
timeout approach for link caches, called the 
Link-MaxLife, shown to outperform other types of link 
caches after complete simulations. Their proposed 
work limited to a fixed level of node mobility. Further 
a distributed adaptive algorithm [12] with a new cache 
structure called a cache table was proposed. It 
maintained the local information which was required 
for further cache updates. Whenever a link was failed, 
broken link information was broadcast to the nodes 
that have that link in their cache. Two types of 
information were maintained   in cache table by each 
node for each route. The first contented the 
synchronization information of routes among nodes 
for a given path. The second information which 
neighbor has learned which links by RREP message. 
Based on the cache table used by each node, the 
algorithm notified all reachable nodes that have 
cached the link. 
 
III. DSR 
 
DSR is an on demand protocol that uses hop-by-hop 
packet routing. Each data packet carries the complete 
path from source to destination as a sequence of IP 
addresses. The importance of source routing is that 
intermediate nodes do not keep route information 
because the path is specified in the data packet. DSR 
normally uses route caching to reduce the routing 
overhead and route discovery latency. It consists of 
two approaches the route discovery and route 
maintenance.       The source initiates route discovery 
when the data packet does not have any route 
information to the destination. To establish a route, 
the source broadcasts   a route request message with a 
unique route request ID. When this request message 
reaches the destination, it sends a route reply message 
containing path information back to the source node. 
Each node records routes using the “route cache” by 
learning the route it has learned and overheard over 
time to minimize overhead generated during a route 
discovery. Route Maintenance is the mechanism by 
which a packet’s sender detects that the network 
topology has changed and the route no longer use 
between source S to destination D and any node in the 
route have moved out of range. When Route 
Maintenance identifies that a source route failure, S is 
notified with a ROUTE ERROR packet. The sender S 
can then attempt to use any other route to D already 
existing in the cache or it can invoke Route Discovery 
again to find a new route. To avoid performing Route 
Discovery before any data packet is sent, DSR caches 
the routes discovered 
 
IV. EM-DSR 
The main goal of proposed protocol EM-DSR is to 
select the path between the specified source and 
destination in such a way that at a given time a given 

path has higher level of residual energy. So the route 
discovery phase from DSR gets changed in EM-DSR. 
We select that path   having higher remaining battery 
power instead of minimizing hop count method which 
is in traditional DSR. During communication if the 
energy level of any node reaches to the minimum 
threshold value, a new path will be chosen in order to 
continue the communication without any interruption. 
The following scheme is used 
 
A. EM-DSR Scheme 
Step 1: During the find Route process, a minimum 
length path is found by comparing the length of each 
path stored in the primary cache and secondary cache. 
Step 2: A longest path is found from the secondary 
cache using the length of path found from Step 1. 
Step 2: From paths found from Step 1 and Step 2 an 
efficient path is found by comparing the average 
residual energy. If the average residual energy of 
given path is greater than other path, then the path is 
which has greater value is said to be efficient.  
Step 3: The resultant path is updated in primary cache 
for further routing 
The average residual energy of a given path is defined 
as the ratio of sum of residual energies of a given path 
to the number of nodes in the given path. It is given by, 
 
A= S/N                                                            (1) 
 
In equation 1 above, S is the sum of energies of the 
given path; N is the number of nodes in the given path. 
The selection procedure is shown below using an 
example 
 

 
Fig 1: MANET with residual energies 

 
In Fig 1, consider the source, S=0 and destination, 
D=6, there are two paths 0-1-2-6 and 0-3-4-5-6. 
The first path is found using Step 1 and second is 
found using Step 2. The residual energies values 
are shown above each of the nodes in the figure. 
The residual energy of path 0-1-2-6 is 24 Joules. 
The average residual energy of the path is 6 Joules. 
The residual energy of path 0-3-4-5-6 is 35. The 
average residual energy of the path is 7 Joules. The 
path 0-3-4-5-6 is selected because its average 
residual energy is greater than 0-1-2-6.  
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V. SIMULATION 
 

A. Simulation Model 
The simulation study was conducted in the ns-2 [12]. 
Comparison of the existing and proposed protocols 
was made using the following simulation table. The 
random way point model is used as our simulation 
mobility model. Residual energy and transmission 
energy are taken as performance metrics for 
simulation. 
Table I gives the values of Simulation Parameters 
 

TABLE I: Simulation Parameters 

 
 

B. Observed Results 
In the Fig 2 below, at 30.0s, DSR residual energy is 
600.0 J, whereas for EM-DSR it is 666J. The residual 
energy of    EM-DSR is 11.16 percent greater than 
DSR. This is due to efficient residual energy paths 
between given source and destination is selected for 
routing data packets in EM-DSR than the DSR 
protocol. At 50.0s the residual energy of EM-DSR is 
100 J where as for DSR it is 180 J. Here EM-DSR is 
greater than 80J. We find at any interval of time 
residual energy for EM-DSR is either or equal to DSR. 
Thus EM-DSR performs better than DSR. 
 

 
Fig 2: Residual Energy Vs. Time for 30 Nodes 

In Fig 3, at 20.0s, DSR residual energy is 400.0 J, 
whereas for EM-DSR it is 480.0J.The residual energy 
of EM-DSR is 80J percent greater than DSR. This is 
due to efficient residual energy paths between given 
source and destination is selected for transmission in 
EM-DSR than DSR protocol at that time. At 30.0s the 
residual energy of DSR is 1780.0J and EM-DSR is 
1840.0J. The residual energy of EM-DSR is 60 J more 
than DSR. Here also the value residual energy of 
EM-DSR is greater than DSR. In the Fig 3 at any 
given interval of time we find residual energy of 
EM-DSR is greater than DSR at given interval of time. 
Thus EM-DSR is more efficient than DSR. Further in 
Fig 2 and Fig 3 we observe at 30.0s for 30 nodes 
residual energy of EM-DSR is 667.0J, but for 40 nodes 
it is 1840.0J. This is due the mobility of the nodes and 
change of topology of the network. 
 

 
Fig 3: Residual Energy Vs. Time for 40 Nodes 

 
In Fig 4, at 30.0s, DSR transmission energy is 30.0J, 
whereas for EM-DSR it is 60.0J.The transmission 
energy of EM-DSR is 10 J greater than DSR. This is 
due to efficient residual energy paths between given 
source and destination is selected for transmission in 
EM-DSR than DSR protocol at that time. At 40.0s the 
transmission energy of DSR is 325.0J and EM-DSR is 
340.0 J.  We find transmission energy at 40.0 s for 
EM-DSR is 15J more than DSR. In the Fig 4 at any 
given interval of time we find transmission energy 
EM-DSR is more than DSR. Thus EM-DSR is more 
efficient than DSR.  
 

 
Fig 4 Transmission Energy Vs Time for 30 Nodes 
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In Fig 5, At 25.0s transmission energy for DSR and 
EM-DSR are 50.0J and 71.0J respectively. Here the 
efficient residual paths selected for given source and 
destination in EM-DSR hence transmission energy for 
EM-DSR is more than DSR. At 50.0s the transmission 
energy of DSR is 799.0J and EM-DSR is 800.0 J. 
Transmission energy of EM-DSR is 1.0J than DSR. In 
the Fig 5 for any given interval of time we see that 
transmission energy of EM-DSR is either greater or 
equal to DSR. 
 

 
Fig 5: Transmission Energy Vs Time for 40 Nodes 

 
In Fig 6, For 40 nodes residual energy of DSR is 
4664J, whereas for EM-DSR, it is 5500J. Here we see 
residual energy is 17.92 percent greater than DSR. For 
50 nodes the residual energy for DSR is 9500J, but for 
EM-DSR it is 10500J. Here it is 1000.0J more than 
DSR. At any interval of nodes in Fig 6, we find 
residual energy of EM-DSR is greater than DSR. 
Hence the performance of EM-DSR is better than 
DSR, due to selection of efficient cache routes. 
 

 
Fig 6: Residual Energy Vs Nodes 

 
In Fig 7, For 40 nodes transmission energy of DSR is 
1116.5J, whereas for EM-DSR, it is 1116.52J. It is 
0.02J greater than DSR. For 50 nodes the transmission 
energy for DSR is 3666.66 J, for EM-DSR it is 
3666.68 J. is 0.02J more than DSR. At any interval of 
nodes in Fig 6, we find transmission energy of   
EM-DSR is greater than or equal to DSR. Hence 
EM-DSR performs better as it selects better routes 
from cache. 

 
Fig 7: Transmission Energy Vs Nodes  

 
CONCLUSION 
 
In this paper we have proposed an energy efficient 
multipath dynamic source routing for MANETs. With 
simulation we have shown that EM-DSR is better than 
DSR in terms of residual transmission energy and 
transmission energy. This is due to efficiently utilizing 
the routes from the primary and secondary caches. In 
future we will improve our protocol by designing a 
better cost metric depending on the network 
parameters, so that memory in the caches is used 
effectively. 
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