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ABSTRACT

A mobile ad hoc network (MANET) is a
wireless ad-hoc network consisting of mobile
nodes. These kinds of networks are very flexible,
they do not require any existing infrastructure or
central administration. The biggest challenge in
this kind of networks is to find a path between
the source and destination. There are different
routing protocol to find shortest path . Ant
Colony  Optimization  Routing  Algorithm
(ACORA) is new emerging routing algorithm

This paper is a review of different
mobile ad-hoc network (MANET) routing
algorithms and there problems. To improve these
MANET routing algorithm a new ad-hoc routing
algorithm is developed called Ant Colony
Optimization Routing Algorithm (ACORA),
which is based on swarm intelligence is also
discussed in this paper.

Keywords: MANET, ACO, Pheromone, AODV,
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INTRODUCTION
MANET:

MANET is infrastrucuure less nework
consist of mobile node without central
asministration. It’s routing algorithm should not
only be capable of finding the shortest path between
the source and destination, but it should also be
adaptive, in terms of the changing state of the nodes,
the changing load conditions of the network and the
changing state of the environment.

MANET routing algorithms can be
classified into three categories as proactive, reactive
or hybrid.

Proactive algorithms try to maintain up-to-date
routes between all pairs of nodes in the network at
all times. Examples of proactive algorithms are
Destination-Sequence  Distance-Vector  routing
(DSDV) and Optimized Link State Routing (OLSR).

Reactive algorithms only maintain routing
information that is strictly necessary, they set up
routes on demand when a new communication
session is started, or when a running communication
session falls without route. Examples of reactive
routing algorithms include Dynamic Source Routing
(DSR) and Adhoc On-demand Distance-Vector
routing (AODV).

Finally, hybrid algorithms wuse both
proactive and reactive elements, trying to combine

the best of both. An example is the Sharp Hybrid
Adaptive Routing Protocol (SHARP).

The routing protocols DSR, AODV and
DSDV are often used as reference protocols when a
new protocol shall be evaluated. To understand the
characteristics of these protocols they are described
in the sections below.

DSDV

DSDV is a table driven routing protocol
that is an enhanced version of the distributed
Bellman-Ford algorithm. In all table driven
protocols each node maintains a table that contains
the next hop to reach all destinations. To keep the
tables up to date they are exchanged between
neighboring nodes at regular intervals or when a
significant topology changes are observed.

DSR

DSR is an entirely on-demand ad hoc
network routing protocol composed of two parts:
Route Discovery and Route Maintenance. In DSR,
when a node has a packet to send to some
destination and does not currently have a route to
that destination in its Route Cache, the node initiates
Route Discovery to find a route; this node is known
as the initiator of the Route Discovery, and the
destination of the packet is known as the
Discovery’s target. The initiator transmits a ROUTE
REQUEST packet as a local broadcast, specifying
the target and a unique identifier from the initiator.
Each node receiving the ROUTE REQUEST, if it
has recently seen this request identifier from the
initiator, discards the

REQUEST. Otherwise, it appends its own
node address to a list in the REQUEST and
rebroadcasts the REQUEST. When the ROUTE
REQUEST reaches its target node, the target sends a
ROUTE REPLY back to the initiator of the
REQUEST, including a copy of the accumulated list
of addresses from the REQUEST. When the REPLY
reaches the initiator of the REQUEST, it caches the
new route in its Route Cache.

Route Maintenance is the mechanism by
which a node sending a packet along a specified
route to some destination detects if that route has
broken, for example because two nodes in it have
moved too far apart. DSR is based on source
routing: when sending a packet, the originator lists
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in the header of the packet the complete Sequence of
nodes through which the packet is to be forwarded.
Each node along the route forwards the packet to the
next hop indicated in the packet’s header, and
attempts to confirm that the packet was received by
that next node; a node may confirm this by means of
a link-layer acknowledgment, passive
acknowledgment, or network-layer
acknowledgment. If, after a limited number of local
retransmissions of the packet, a node in the route is
unable to make this confirmation, it returns a
ROUTE ERROR to the original source of the
packet, identifying the link from itself to the next
node as broken. The sender then removes this
broken link from its Route Cache; for subsequent
packets to this destination, the sender may use any
other route to that destination in its Cache, or it may
attempt a new Route Discovery for that target if
necessary.

AODV

AODV is a reactive protocol that
determines routes solely on-demand. It is based on
the distance vector technology. The hosts only know
the next hop to every destination. When a source
host wants to send packets to the destination and
cannot get the routes from its routing table, it will
broadcast a Route Request (RREQ). The receivers
may establish the routes back to the source host
through the paths that they get the RREQ. If the
receiver has an active route to the destination, it will
be unicast a Route Reply (RREP) back to the
source. Otherwise, the RREQ will be re-broadcast
further. If a reply is sent, all hosts along that path
may record the route to the destination through this
packet. Because there may exist multiple exclusive
paths between two hosts, a mobile host can receive
the same RREQ more than once. To prevent the
same request from being broadcast repeatedly, every
request is uniquely identified by a _Host ID,
Broadcast ID_ couple. Every host keeps a record for
the RREQs that have been processed. The mobile
hosts send out the Route Error (RERR) packets to
their neighbours to report broken paths and activate
the route re-discovery procedure. To avoid routing
loop and identify the freshness of the route,
destination sequence number is introduced. The
sequence number of a mobile host can only be
updated by itself in monotonically increasing mode.
A larger sequence number denotes a fresher route.
The sequence number is carried in both RREQ and
RREP. The sequence number in RREP must be
larger than or equal to the one carried in
corresponding RREQ to avoid the source host to
adopt a stale path. When more than one path
represented by different RREPs is available, the one
with the largest destination sequence number is
used. If several paths have the same sequence
number, the shortest one is chosen. AODV’s

desirable features are its low byte overhead in
relatively static networks and loop free routing
using the destination sequence numbers.

Problems in ad-hoc network:

Proactive protocols have some pros and
cons like routing information is available all the
time but on the other hand too much data stored
which at the time of link failure causes late recovery
of the tables. Convergence time is low, resource
amount is used heavily, routing information flooded
in whole network.

Reactive protocols achieve the bandwidth
advantage over proactive protocols. But at the same
time reactive protocols lack in finding routes with in
a lesser amount of time as routes are created on
demand. Routes are not up-to-date, large delay,
more packet dropping.

The traditional routing protocols face many
problems due to the dynamic behaviour and
resource constraints in MANETSs therefore basis
protocols do not perform well. Most of the protocols
in MANETSs are application dependent. They are
designed as per demand of application. Therefore
there is a need to develop a protocol which is
adaptive.

To overcome this limitation, an approach to
achieve such feature is to use a biologically-inspired
mechanism i.e. Swarm Intelligence Systems.
Emergent behavior of self-organization in a group of
social insects is known as swarm intelligence.

ACORA and MANET

While comparing MANETs and ANTS in
Table 1 we come to conclusion that though they
have similarities like same physical structure, self-
configuration and self-organization but still
distinguished from each other in the route
foundation, overhead, motive, routing table
information.

Table 1: Comparison between MANETSs and ANTS

Parameters MANETs ANTS
Overhead More Less
Packet Delivery | Less More
Ratio
Route Discovery | Route Pheromone value
Procedure Request/Reply isused
message are used
Motive Find shortest path | To provide
for routing definite shortest
path
Path Discovered | Single path, Multipath
partially multipath

In this paper a new routing algorithm
ACORA for mobile, multi-hop ad-hoc networks
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discussed to improve the performance of the
existing protocol of mobile ad hoc network. The
protocol is based on swarm intelligence and
especially on the ant colony based metaheuristic.

Basic Ant colony optimization (ACO):

ACO algorithm belongs to a class of
Swarm Intelligence (SI). This algorithms is based on
behavior of ants, their food searching mechanism
inspired all researchers to find shortest route in
communication network which was further
implemented for ad-hoc networks.

The basic idea of the ant colony
optimization is taken from the food searching
behavior of real ants. When ants are on they way to
search for food, they start from their nest and walk
toward 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 route taken. The concentration of
pheromone on a certain path is an indication of its
usage. With time the concentration of pheromone
decreases due to diffusion effects. This property is
important because it is integrating dynamic into the
path searching process.
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Figure 1

Above figure shows how actually routes
from the nest to the food place. At the intersection,
the first ants randomly select the next branch. Since
the below route is shorter than the upper one, the
ants which take this path will reach the food place
first. On their way back to the nest, the ants again
have to select a path. After a short time the
pheromone concentration on the shorter path will be
higher than on the longer path, because the ants
using the shorter path will increase the pheromone
concentration faster. The shortest path will thus be
identified and eventually all ants will only use this
one. This behavior of the ants can be used to find
the shortest path in networks. Especially, the
dynamic component of this method allows a high
adaptation to changes in mobile ad-hoc network
topology, since in these networks the existence of
links are not guaranteed and link changes occur very
often. Also ACO mainly suits for ad hoc networks
due to link quality, local work and support for
multipath.

Properties of ARA(Ant Colony Routing
Algorithm)

Dynamic topology -is responsible for the bad
performance of several routing algorithms in mobile
multi-hop ad hoc networks. The ant Colony
optimization meta-heuristic is based on agent
systems and works with individual ants. This allows
a high adaptation to the current topology of the
network.

Local work - In contrast to other routing approaches,
ant Colony optimization meta-heuristic is based
only on local information i.e., no routing tables or
other information blocks have to be transmitted to
neighbors or to all nodes of the network.

Link quality -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. It is here
important to notice, that the approach has to be
modified so that nodes can also manipulate the
pheromone concentration independent of the ants,
i.e. data packets, for this a node has to monitor the
link quality.

Support for multi-path —Each node has a routing
table with entries for all its neighbors, which
contains also the pheromone concentration. The
decision rule, to select the next node, is based on the
pheromone concentration on the current node, which
is provided for each possible link. Thus, the
approach supports multi-path routing.

Overhead of ARA- The expected overhead of ARA
is very small, because there are no routing tables
which are interchanged between the nodes. Unlike
other routing algorithms, the FANT and BANT
packets do not transmit much routing information.
Only a unique sequence number is transmitted in the
routing packets. Most route maintenance is
performed through data packets, thus they do not
have to transmit additional routing information.
ARA only needs the information in the IP header of
the data packets.

Loop-free-The nodes register the unique sequence
number of route finding packets, FANT and BANT,
so they do not generate loops.

Demand-based operation- Routes are established by
manipulating the pheromone counter in the nodes.
Over time, the amount of pheromone decreases to
zero when ants do not visit this node. A route
finding process is only run, when a sender demands.

ANT COLONY OPTIMIZATION ROUTING
ALGORITHM (ACORA):

This algorithm is built up in three phases:

* Route Discovery Phase:

In the route discovery phase new routes are created.
The creation of new routes requires the use of a
Forward Ant (FAnNt) and a Backward Ant (BAnt). A
FANt is an agent which establishes the pheromone
track to the source node. In contrast, a BAnt
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establishes the pheromone track to the destination
node. The FAnt is a small packet with a unique
sequence number. Nodes are able to distinguish
duplicate packets on the basis of the sequence
number and the source address of the FAnt. A
Forward Ant is broadcasted by the sender and will
be relayed by the neighbors of the sender. A node
receiving a FAnt for the first time creates a record in
its routing table. A record in the routing table is a
triple and consists of (destination address, next hop,
pheromone value). The node interprets the source
address of the Forward Ant as destination address,
the address of the previous node as the next hop, and
computes the pheromone value depending on the
number of hops the FANt needed to

reach the node. Then the node relays the FAnt to the
neighbors. Duplicate FAnt are identified through the
unique sequence number and destroyed by the
nodes. When the FAnt reaches the destination node,
it is processed in a special way.

The destination node extracts the
information of the FAnt and destroys it.
Subsequently, it creates a BAnt and sends to the
source node. The BANt has the same task as the
FAnt, i.e. establishing a track to this node. When the
sender receives the BAnt from the destination node,
the path is established and data packets can be sent.
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Figure 2. Route discovery phase. A forward ant (F)
is send from the sender (S) toward the destination
node (D). The forward ant is relayed by other nodes,
which initialize their routing table and the
pheromone values.
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Figure 3. Route discovery phase. The backward ant
(B) has the same task as the forward ant. It is send
by the destination node toward the source node.

« Route Maintenance:

Once the FANTs and BANTSs have established the
pheromone tracks for the source and the destination
node, ACORA does not need any special packets for
route maintenance, subsequent data packets also
increase the pheromone value.

* Route Failure Handling:

ARA recognizes a route failure through a missing
acknowledgement. If a node gets a ROUTE ERROR
message for a certain link, it first deactivates this
link by setting the pheromone value to 0. Then the
node searches for an alternative link in its routing
table. If there is a second link it sends the packet via
this path. Otherwise the node informs its neighbors,
hoping that they can relay the packet. Either the
packet can be transported to the destination node or
the backtracking continues to the source node. If the
packet does not reach the destination, the source has
to initiate a new route discovery phase.

CONCLUSION

This paper gives a overview of the various
routing algorithms designed especially for the
mobile adhoc networks (MANETS) & also a new
on-demand routing approach for mobile multi-hop
ad-hoc networks. The approach is based on swarm
intelligence and especially on the ant colony
optimization. Its ability of simple ants to solve
complex problem.

Thus,ACORA routing protocols are easier
to understand since the main ideas behind them have
always been inspired by the ants.

MANETs and ANTS differentiated to
reveal the fact that although they both posses same
physical structure but still possess different
overhead rate and packet delivery ratio. Difference
between various ad-hoc routing protocols is yield in
the ways of discovering routes between source and
destination and maintenance of the routes. Hence
these surveys will helpful researchers to choose
right ad hoc routing protocol for their work
according to network scenarios.
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