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Abstract— Mobile ad hoc networks are self configurable where in nodes are mobile and they communicate with each 
other via wireless connections without fixed infrastructure. Due to the ever changing topology and limited bandwidth it is 
very difficult to establish and maintain good routes. Even though the traditional routing algorithms are widely used, usually 
do not meet the expectation in terms of performance. A number of routing algorithms using Swarm Intelligence from the 
collective behaviour of natural ants have been proposed for MANET. We focused on an adaptive and hybrid routing proto-
col AntHocNet as it combines the merit of proactive and reactive routing algorithms. In this paper we compare the An-
tHocNet, ACO based solution for hybrid ad hoc routing strategy with ad hoc on-demand multipath distance vector 
(AOMDV) routing protocol and AODV. An attempt has been made by using discrete event simulator NS2 and performance 
comparison carried with respect to packet delivery ratio, throughput, packet loss and end to end delay. In the simulation 
results, we observe the adaptability of AntHocNet routing protocol for changing traffic, node and link failures. The perfor-
mance of AntHocNet signif icantly better than AOMDV and AODV.  
 
Index Terms— Mobile Ad Hoc Network (MANET), Ant Colony Optimization (ACO), Packet Delivery Ratio (PDR).   

——————————      —————————— 

1 INTRODUCTION                                                                     
 
The Mobile Ad hoc Networks (MANETs) consist of mobile 
nodes interconnected by multihop communication paths 
without the fixed network infrastructure. As the ad hoc wire-
less networks are self-creating, self-organizing and self-
administering system, it is used in many applications such as 
collaborative computing and communications in smaller areas, 
communications in battlefields and disaster recovery areas. 
Since the topology of ad hoc networks is unstable and changes 
frequently with mobility of nodes, traditional routing proto-
cols in static networks are not efficient for ad hoc networks. 
The major parameters that can be considered for reliable 
communication are mobility, link stability and route stability. 
The main sources of unreliability for these applications in 
MANETs are due to limited battery capacity, limited memory 
and processing power, varying channel conditions, less stabil-
ity under unpredictable and high mobility of nodes.  

Recently a new family of algorithms emerged inspired by 
swarm-intelligence, which provides a novel approach to dis-
tributed optimization problems. These algorithms show that 
the biologically inspired concepts can provide a significant 
performance gain over traditional approaches. The basic idea 
of the ant algorithm is taken from the food searching behav-
iour of real ants.When ants search for food, they start from 
their nest and walk towards the food. When an ant reaches an 

intersection, it has to decide which branch to take next. While 
walking ants deposit pheromone which marks the selected 
route. The concentration of pheromone on a certain path is an 
indication of its usage. Over time the concentration of phero-
mone decreases due to diffusion effects. This behaviour of the 
ants can be used to find the shortest path in networks. Since 
the route with higher possibility is always favoured, so more 
ants will pick up that route, and further increase its possibili-
ties and in turn attracts more ants. Due to the use of mobile 
agents and stigmergy, swarm intelligence boasts number of 
advantages: 
Dynamic topology: This property is responsible for the unful-
filling performances of many classical routing algorithms in 
mobile ad-hoc networks. The ant algorithms are based on au-
tonomous agent systems imitating individual ants. This allows 
a high adaptation to the current topology of the network. 
Local information: In contrast to other routing approaches, the 
ant algorithms make use of local information; no routing ta-
bles or other similar information have to be transmitted to 
other nodes of the network. 
Link quality: It is possible to integrate the connection/link 
quality into the computation of the pheromone concentration, 
especially into the evaporation process. This will improve the 
decision process with respect to the link quality. 
Support for multi-path: Each node has a routing table with 
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entries for all its neighbours. Adding the information about 
the pheromone concentration, the decision rule for selection of 
the next node could be based on the pheromone concentration 
at the current node.  
Rest of the paper is organized as follows .Section 2 explains 
the related work. Section 3 describes the AntHocNet algo-
rithm. Section 4 shows the simulation results and section 5 
concludes and summarizes the paper. 

2 RELATED WORK 
There are several routing approaches for MANETs such as 
DSDV [1], DSR [2], AODV [3].Even though they are widely 
used, do not meet the expectation in terms of performance. 
The biologically inspired concept of Swarm Intelligent[4] par-
ticularly an Ant colony optimization approach  can provide a 
significant performance gain over traditional routing. The 
basic idea of the ant algorithm is taken from the food search-
ing behaviour of real ants. The concentration of pheromone on 
a certain path is an indication of its usage. Over time the con-
centration of pheromone decreases due to diffusion effects. 
This behaviour of the ants can be used to find the shortest path 
in networks. When ants search for food, they start from their 
nest and walk towards the food. While walking ants deposit 
pheromone which marks the selected route.  

 
The ACO based routing protocols can be classified as pro-

active, reactive and hybrid routing algorithms like the tradi-
tional routing protocols. The proactive protocol advertises 
current routing information periodically to all nodes of the 
network. It may impact route maintenance overhead. The re-
active protocol advertises current routing information only at 
the demand of packet transmission. But, due to high mobility 
of nodes, the reactive scheme may incur excess delay. To over-
come the above problems, researches explore the combination 
of proactive and reactive approaches to have good trade-off 
between overhead and latency. There are few works on hy-
bridization of proactive and reactive routing protocols using 
ant agent like Ant-AODV [5], HOPNET [6], ZHLS [7],  Ant-OR 
[8] and AntHocNet [9]. 

 

2.1 EVOLUTION OF ANT BASED HYBRID ROUTING PROTOCOLS 
 
The Hybrid protocol Ant-AODV provides high connectivity 
which, eliminates the delay before starting the actual commu-
nication and increases the throughput. But, the reduction in 
end-to-end delay and higher connectivity are achieved at the 
cost of extra processing of the ant messages and the slightly 
higher overhead. HOPNET is a novel hybrid routing protocol 
based on Ant Colony Optimization (ACO) and Zone Routing 
Protocol (ZRP) for Mobile Ad Hoc Networks (MANETs). The 
path setup process is achieved by intrazone and interzone 
routing. When a node has data packet for a destination node, 
it verifies the path availability in inter zone route table. If it 
does not have route then will start searching new route.  

Each node periodically sends an ant in order to main-
tain and update the intrazone routing table. When number of 
nodes is small, the continuous movement of peripheral nodes  
frequently triggers attempts to discover new routes, which 

causes more overhead and transmission delays compared to 
other hybrid routing protocols.  

Ant-OR is a protocol based on AntHocNet but utilizes dis-
tance metric for path exploration and pheromone separation 
in the diffusion process. It works in two separate modes: Dis-
joint-link and Disjoint-node; the first corresponds to routes in 
which nodes are not shared and the latter refers to routes in 
which links are not shared. 
 
 

2.2 MULTIPATH ROUTING PROTOCOL AOMDV 
 
Ad hoc on-demand multipath distance vector routing [10] is 
the multipath extension of single path routing protocol 
AODV. It has been proposed for finding multiple disjoint 
loop-free paths during the route discovery phase. In AOMDV, 
transmission of RREQ from the source towards destination 
creates multiple reverse paths. Multiple RREPs traverse these 
paths back to source to form multiple forward paths to the 
intermediate as well as destination nodes. The availability of 
multiple paths even in an intermediate node produces less 
route discovery frequency. As the multipath protocols have 
higher throughput and less packet loss, AOMDV considered 
for the comparison. 

3 ANTHOCNET ALGORITHM 
 
The AntHocNet is an adaptive and hybrid multipath routing 
protocol which combines the merit of proactive and reactive 
routing algorithms. It is an ACO based solution for hybrid ad 
hoc routing strategy. The main components of AntHocNet are 
reactive path setup phase and proactive path maintenance 
phase. The routing information of each node is represented in 
its pheromone table Ti. Each entry in the route table i

ndτ Є R 
represents pheromone value which indicates the estimated 
goodness of path from node i to destination d over n neigh-
bours. In this algorithm nodes use stochastic routing strategy 
based on the estimated quality of paths. In this way the data 
load has been evenly spread. The estimates are kept up-to-
date using proactive ants which leads to automatic load bal-
ancing. It handles link failures with either local path repair 
process or through explicit notification messages. 

3.1REACTIVE PATH SETUP 
 
Step 1:When a node S has packet to trasmit towards destina-
tion d and no routing information for node d is available, then 
it broadcasts a reactive forward ant Fsd. 
Step 2: Due to the initial broadcasting, each neighbour of s  
receives a replica of the forward ant named as ant generation 
and each of its ant finds a path connecting s and d. 
Step 3: If pheromone information is available, the ant chooses 
its next hop n with probability Pnd. 

Step4: When a node receives several ants of the same genera-
tion, it will forward the ant which travels comparatively less 
number of hops  with minimum travel time estimated as ∧

PT and removes other ants to limit the control overhead. 
Step 5:Each forward ant keeps a list of the nodes P[1,…n] it 
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has visited. 
Step 6: When an ant reaches the destination d, it is converted 
into backward ant. 
Step 7:The backward ant computes 

∧

PT as 
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Step 10: the pheromone is updated by taking in to account the 
delay and number of hops.  
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3.2 PROACTIVE PATH MAINTENANCE 
 
A proactive forward ant for every n data packets is send out by 
the source node. If the forward ants reaches destination with-
out a single broadcast, it probes an existing path. The back-
ward ant of the correspondence updates the pheromone values 
of intermediate nodes. On the other hand when an ant got 
broadcast at any point, it leaves the current known paths and 
explores new one. Even after a broadcast if the forward ant 
does not find path within two hops, it is killed. 

4 SIMULATION RESULT 
 

The experiments have been conducted using network simula-
tor Ns2 to study the characteristics of multipath routing proto-
col AntHocNet and to compare the performance with AODV 
and AOMDV. 
 
4.1 PERFORMANCE METRICS  
 
The performance metrics considered for comparison are : 
Packet Delivery Ratio: The ratio of number of packets suc-
cessfully received to those generated by CBR. The perfor-
mance is better when packet delivery ratio is high. The PDR 
gives an idea of how well the protocol is performing at differ-
ent speeds using different traffic models. 
Packet loss ratio: performance metric that measures the frac-
tion of packets lost from the total packets transmitted. 
Throughput: is calculated for normalized routing load and is 

measured in bytes. 
End-to-End delay: the time taken by the packet to reach desti-
nation. It includes all possible delays such as queuing and 
propagation delay.  
 
4.2 SIMULATION SCENARIO 
 
The simulations are performed with a network of dimensions 
1000mx 1000m. Numbers of nodes were varied from 10 to 50 
with the node transmission range of 550m.the nodes are al-
lowed to move according to Random Way Point (RWP) pat-
tern. We have used an application protocol Constant Bit Rate 
(CBR) to send data. The sending rate is 1000 bits/sec that is a 
packet of 125 bytes with the maximum simulation time up to 
50s. 
 
4.3 RESULT 
 

 

 

 

 

 
 
Fig.1 shows the impact of number of nodes on packet delivery 
ratio. It shows the PDR to maximum when the node is equal to 
the simulation time. AODV shows the best performance with 
97% of packet delivery ratio. AOMDV has approximately the 
same ratio as AODV for less number of nodes but, in dynamic 
environment AOMDV has comparable delivery ratio. The An-
tHocNet has better End-to-End delay than the others. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From fig.2, it has been observed that the packet drop is more 

 
Fig. 1. Number of Nodes Vs PDR 

 

 
Fig. 2. Number of Nodes Vs Packet loss 
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in AODV than AOMDV and AntHocNet. This is due to the 
availability of single path between the source and destination 
pair. In AOMDV, being a multipath routing protocol the pack-
et drop is comparably less. In AntHocNet, as  a hybrid multi-
path routing the adaptability to link failure due to  dynamic 
topology is quick in nature which leads to minimum packet 
drops.   

 

 

 

 

 

 
In fig.3 AODV and AOMDV show similar variations of 
throughput for varying number of nodes. Overall, AntHocNet 
shows highest throughput and outperforms the other two. The 
average throughput degrades the performance of large scale 
networks on account of congestion in the large scale networks. 

 

 

 

 

 
 
 
The term end-to-end delay does not have much significance in 
this scenario. The performance of AOMDV is slightly better 
than AODV especially when the number of nodes cross 30 due 
to stable maintenance of routing table. AntHocNet produces 
lower delay due to the fact that it uses different path scheme 
in the route reply.  

5 CONCLUSION 
This paper examines the relative performance of AntHocNet, 
AOMDV and AODV. The protocols has been analyzed for the 
metrics PDR, delay, throughput and loss with respect to num-
ber of nodes. From the analysis it can be state that AntHocNet, 

being a hybrid routing protocol outperforms the other reactive 
routing protocols AOMDV and AODV. AntHocNet effectively 
utilizes the benefits of proactive and reactive routing strate-
gies. Further the analysis can be carried for other metrics like 
routing overhead, route discovery frequency.  
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Fig.3. Number of Nodes Vs Throughput 

 

 
Fig.4. Number of Nodes Vs Delay 
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