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                          Abstract 
The need for infrastructureless networks [known as mobile 
ad hoc networks (MANETs)] is growing. The nodes in 
MANETs can be mobile or fixed routers and can be 
connected by wired or wireless links using one or more 
different technologies. These nodes function as wireless 
routers by discovering and maintaining routes to other 
nodes in the network. In contrast with infrastructured 
networks, MANETs do not need centralized infrastructures, 
such as base stations. MANETs should be self-built, self-
configured, and adaptive to dynamic changes. This paper 
presents the state of the art in biologically inspired ant 
based routing in Mobile Ad hoc Networks (MANET). The 
motivation for using ant-like mobile agents for providing 
routing information to mobile hosts in MANETs stems 
from the fact that antlike mobile agents do not require high 
bandwidth overhead compared to MANET proactive 
routing protocols for disseminating the topology 
information in the network. 
Keywords: MANET, Routing Protocols, Swarm 
Intelligence, ACO.  

I. Introduction 
 
A Mobile Adhoc Network is a collection of 
independent mobile nodes that can communicate to 
each other via radio waves. The mobile nodes that are 
in radio range of each other can directly 
communicate, whereas others need the aid of 
intermediate nodes to route their packets. Each of the 
nodes has a wireless interface to communicate with 
each other. These networks are fully distributed, and 
can work at any place without the help of any fixed 
infrastructure as access points or base stations. Figure 
1 shows a simple ad-hoc network with 3 nodes. Node 
1 and node 3 are not within range of each other; 
however the node 2 can be used to forward packets 
between node 1and node 2. The node 2 will act as a 
router and these three nodes together form an ad-hoc 
network [1]. 

Figure 1: Example of mobile ad-hoc network[1] 

MANETs were originally introduced as closed or 
managed networks that belonged to a single entity or 
organization called an offline authority, such as the 
military. In such networks end users have a pre-
established relationship and work under this offline 
authority. The offline authority usually does the 
initial set up procedures, for example to allot keys or 
certificates to nodes, and to allocate initial trust to the 
nodes, before network deployment. As nodes belong 
to a single authority and all have a common 
objective, they are therefore motivated to cooperate. 
However, the proliferation of mobile communication 
devices such as laptops, PDAs, cell phones and other 
intelligent radio devices may produce a fully self-
organized mobile ad hoc network. End-users come 
together to form a network in a purely ad hoc 
manner. Users are usually strangers without having 
any relationship and nodes have no pre-established 
security associations. They have different interests 
and objectives and they are therefore sharing their 
resources for the sake of global connectivity [2]. 
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There are number of routing protocols currently 
available in adhoc networks [3]. There is a need for a 
general technique to classify protocols available. 
Traditionally classification was done by dividing 
protocols to table driven and to source initiated [4]. 
Table Driven routing protocols attempts to maintain 
consistent up to date routing information for each and 
every node in the network. These protocols require 
maintaining a consistent view. The areas in which 
they differ are the number of necessary routing 
related tables and the methods by which changes in 
network structure are broadcast. 
 

II. Protocols in MANET 
 
Several protocols for ad hoc networks have been 
developed. The protocols can perform well under 
certain situations that they are designed to solve, but 
they fail completely in other situations that can occur 
in the network [5]. The routing protocols for ad hoc 
networks have been classified as [6]: 
 
Reactive Routing Protocols 
Reactive routing protocol is also known as on 
demand routing protocol [7]. In this protocol route is 
discovered whenever it is needed Nodes initiate 
0route discovery on demand basis. Source node sees 
its route cache for the available route from source to 
destination if the route is not available then it initiates 
route discovery process. The on- demand routing 
protocols have two major components [8]: 
 

• Route discovery: In this phase source node 
initiates route discovery on demand basis. 
Source nodes consults its route cache for the 
available route from source to destination 
otherwise if the route is not present it 
initiates route discovery. The source node, in 
the packet, includes the destination address 
of the node as well address of the 
intermediate nodes to the destination. 
 

• Route maintenance: Due to dynamic 
topology of the network cases of the route 
failure between the nodes arises due to link 
breakage etc, so route maintenance is done. 
Reactive protocols have acknowledgement 
mechanism due to which route maintenance 
is possible 

 
Reactive protocols add latency to the network due to 
the route discovery mechanism. Each intermediate 

node involved in the route discovery process adds 
latency. These protocols decrease the routing 
overhead but at the cost of increased latency in the 
network. Hence these protocols are suitable in the 
situations where low routing overhead is required. 
 
There are various well known reactive routing 
protocols present in MANET for example DSR, 
AODV, TORA and LMR. There are various 
advantages as well as disadvantages of reactive 
protocols. As these are based on route discovery on 
demand bases so these include less overhead of 
control messages hence saving bandwidth but the 
price paid for this is increased network latency due to 
route discovery process. 
 
Proactive Routing Protocols 
Proactive routing protocols are also called as table 
driven routing protocols. In this every node maintain 
routing table which contains information about the 
network topology even without requiring it. This 
feature although useful for datagram traffic, incurs 
substantial signalling traffic and power consumption 
[9]. The routing tables are updated periodically 
whenever the network topology changes. Proactive 
protocols are not suitable for large networks as they 
need to maintain node entries for each and every 
node in the routing table of every node [10]. These 
protocols maintain different number of routing tables 
varying from protocol to protocol. There are various 
well known proactive routing protocols. Example: 
DSDV, OLSR, WRP etc. 
 
Proactive protocols also has various advantages and 
disadvantages, being table driven protocols they 
increase the control messages in the network due 
which message overhead in the network increases. 
But at the same time due to routing information 
already present latency is reduced in the network. 
Proactive approaches also suffer from either out of 
date states or flooding of periodic updates [11]. 
 
Hybrid Routing Protocol 
While most of the protocols presented for MANET 
are either proactive or reactive protocols. There is a 
trade-off between proactive and reactive protocols. 
Proactive protocols have large overhead and less 
latency while reactive protocols have less overhead 
and more latency. So a Hybrid protocol is presented 
to overcome the shortcomings of both proactive and 
reactive routing protocols. Hybrid routing protocol is 
combination of both proactive and reactive routing 
protocol. It uses the route discovery mechanism of 
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reactive protocol and the table maintenance 
mechanism of proactive protocol so as to avoid 
latency and overhead problems in the network. 
Hybrid protocol is suitable for large networks where 
large numbers of nodes are present. In this large 
network is divided into set of zones where routing 
inside the zone is performed by using reactive 
approach and outside the zone routing is done using 
reactive approach. There are various popular hybrid 
routing protocols for MANET like ZRP, SHRP [7]. 
 

III. SWARM Intelligence in MANET 
 
The implementation of the swarm intelligence 
paradigm for routing in MANET is known as SI 
routing Algorithm. The two well-known SI routing 
algorithms, Ad hoc Networking with Swarm 
Intelligence (ANSI)  and Ant Hoc Net . These 
algorithms both take inspiration from a self-
organizing behavior of ant colonies, the shortest 
paths discovery, and from the principles of the related 
framework of ant colony optimization (ACO) [12] 
 

Ant-based routing algorithms have a number of 
properties which are desirable in MANETs: they are 
highly adaptive to network changes, use active path 
sampling, are robust to agent failures, provide 
multipath routing, and take care of data load 
spreading. However, the fact that they crucially rely 
on repeated path sampling can cause significant 
overhead if not dealt with carefully .There have been 
a number of attempts to design ant-based routing 
algorithms for MANETs. Examples are ARA and 
PERA . However, these algorithms loose much of the 
proactive sampling and exploratory behavior of the 
original ant-based algorithms in their attempt to limit 
the overhead caused by the ants [13]. 

a. Routing in Communication Networks 
using Ant-like agents 

Many routing protocols for MANETs have been 
proposed which employ ant-like mobile agents. This 
section presents some of the most important 
contributions [14]. 

Mobile Agents for MANET Topology Discovery 

Chaudhary et. at. [15] have proposed an Ant based 
protocol for discovering the topology of the MANET 
networks for routing purpose. [15] uses ant-like 
agents moving from one node to the other in the 

MANET. As these agent visit a node, they update the 
routing tables of the visited node with the topology 
information they have gathered in their traversal so 
far. This is as shown in figure 3. Ant agents store 
information of nodes visited by them in a list. This 
information is passed to the nodes when an ant agent 
arrives at that node. 

 

Figure 2: Ant Traversing The Network And Providing 
Routing[14] 

a. ANSI 

ANSI takes an approach that is inspired by typical 
ACO routing algorithms. Nodes send forward ants 
out over the network with the aim of finding a path to 
an assigned destination and gathering information 
about it. A destination node receiving such a forward 
ant returns a backward ant to the source in order to 
update routing tables (also called pheromone tables) 
at the nodes along the followed path, indicating the 
quality of the route to support the routing of data 
packets. Different from ACO routing algorithms for 
wired networks (e.g., Ant Net) in which ants are sent 
out proactively, ANSI takes a reactive approach, 
which means that routing information is only 
gathered when it is strictly necessary. Forward ants 
are only used at the start of a new communication 
session, or when there is a failure in the route used by 
an ongoing session. This reduces the overhead 
created by the algorithm, which is an important 
aspect in resource limited MANETs, but also limits 
the possibilities to create multiple paths and perform 
stochastic data load spreading, which are typical 
features of ACO routing algorithms in wired 
networks. ANSI relies on the use of beacon messages 
(short messages sent out by all nodes to inform 
neighboring nodes of their presence) to create one-
hop route alternatives, which can be used as backup 
routes when the route set up by the ants fails. To 
assess the quality of routes, ANSI uses a combined 
metric which contains the pheromone value (which 
indicates how often the links of the route were used 
by ants and hence gives an implicit evaluation of the 
goodness of these links), the route’s hop count, and 
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the congestion status (in terms of length of link 
queues) of the nodes along the route [12]. 
 

b. ACO(Ant Colony Optimization)   
ACO, a famous swarm intelligence approach, has 
taken the inspiration from real ants which are 
wandering around their nests to forage for search of 
food. Upon finding food they will return back to their 
nests and simultaneously deposit pheromone trails 
along the paths. The ant selects its next hop based on 
the amount of pheromone deposited on the path to the 
next node. The problem of finding shortest paths 
maps quite well to the problem of routing in 
networks. The ants are nothing but small control 
packets, which have the task to find a path towards 
their destination and gather information about it. In 
recent years, the interest of the scientific community 
in ACO has risen sharply. Because of its robustness, 
and adaptive nature, ACO can find its applications in 
routing, assignment & scheduling [16]. 

c. Ant Hoc Net 
Ant Hoc Net is a hybrid multipath algorithm .When a 
data session is started at node � with destination�, 
�	checks whether it has up-to-date routing 
information for�. If not, it reactively sends out ant-
like agents, called reactive forward ants, to look for 
paths to�. These ants gather information about the 
quality of the path they followed, and at their arrival 
in � they become backward ants which trace back the 
path and update routing tables. The routing table 
�
�
	in node i contains for each destination � and each 

possible next hop � a value 	���
�
			
�.���

�
	is an 

estimate of the goodness of the path over � to �, 
which we call pheromone. In this way, pheromone 
tables in different nodes indicate multiple paths 
betweens and�, and data packets can be routed from 
node to node as data grams. They are stochastically 
spread over the paths: in each node they select the 
next hop with a probability proportional to its 
pheromone value. Once paths are set up and the data 
session is running, s starts to send proactive forward 
ants to �.These ants follow the pheromone values 
similarly to data packets. In this way they can 
monitor the quality of the paths in use. Moreover, 
they have a small probability of being broadcasted, so 
that they can also explore new paths. In case of link 
failures, nodes either try to locally repair paths, or 
send a warning to their neighbors such that these can 
update their routing tables [13]. 
 
 

IV. Related Work 
 
Falko Dressler et al. [17] (2010) investigated Bio-
inspired networking techniques  since more than a 
decade. Findings in this field have fostered new 
developments in networking, especially in the most 
challenging domains such as handling large scale 
networks, their dynamic nature, resource constraints, 
heterogeneity, unattended operation, and robustness. 
Even though this new research area started with 
highly theoretical concepts, it can be seen that there 
was also practical impact. This article aims to give an 
overview to the general field of bio-inspired 
networking, introducing the key concepts and 
methodologies. Selected examples that outline the 
capabilities and the practical relevance were 
discussed in more detail. The presented examples 
outline the activities of a new community working on 
bio-inspired networking solutions, which was 
converging and becomes visible in term of the 
provided astonishingly efficient solutions. 
 
Perumalsamy Deepalakshmi et al. [18] proposed 
AMQR, an ant-based routing protocol to meet the 
QoS requirement of mobile ad hoc networks to 
support real-time traffic. In addition to considering 
only presence of links or connectivity between nodes, 
network-related status of links like delay experienced 
through that links, available bandwidth in links, and a 
link’s suitability for data transmission were also 
collected and measured. These measures provide an 
indication of how much a link was suitable while 
deciding about paths for providing QoS routing. 
From a given source to destination, multiple paths 
have been found and their path preference probability 
was calculated based on the above said measures. 
Apparently, the path with higher path preference 
probability offers an optimized consideration of 
multiple QoS metrics delay, bandwidth, and shortest 
hop count. Initially, data are sent over the path with 
higher path preference probability which can provide 
lesser delay, higher bandwidth, and shorter path in 
terms of number of hops. In case of any link failure 
leading to path breaks, alternate possible paths with 
next higher path preference probability were 
immediately considered and data transmission will be 
continued. 

Anuj K. Gupta et al. [16] introduced a platform for 
researchers worldwide to get an overview of the 
existing ACO based routing protocols. To know 
about their performance against traditional ad hoc 
routing protocols. This would rather help them 
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consider appropriate protocol for their research work. 
The authors have tried their best to present a 
comparative study of various proposed ad hoc routing 
protocols based on ant colony optimization 
techniques. They have evaluated and compared 
various ACO based algorithms to the original ones 
and obtained better results in terms of end to end 
delay and routing overhead etc. for environments of 
dynamic topology. 

Ajit R. Bandgar et al. [19] (2013) proposed  a  new  
routing  algorithm  Ant Hoc Net-LS(equipped with 
Location Service) inspired from Ant Hoc Net which 
rely on  simple  mobile  agents  and  their  collective  
intelligence  for  the task  of  routing.  The algorithm 
performs better in major performance parameters 
such as packet delivery ratio and control overhead. 

V. Conclusion 

A Mobile Ad Hoc networks (MANET) is a network 
formed when wireless mobile nodes such as PDAs & 
laptops have wireless communication capability 
come together and dynamically form a temporary 
network, without using any existing network 
infrastructure. In such networks, when two nodes that 
wish to communicate and are not within direct 
wireless range of each other, they make use of multi-
hop communication, wherein intermediate nodes 
relay the packets from the source to the destination 
node. This paper presents the algorithms being 
proposed which utilise distributed cooperative 
Mobile Agents for routing in Dynamic Networks 
such as MANETs. It is evident from this review that 
by utilising ant-like mobile agents in MANETs, the 
network topological information can be disseminated 
to the nodes in the network without incurring high 
control overhead compared to proactive routing 
schemes. 
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