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Abstract- This research aims to enhance Ant-Colony-Based Routing Algorithm (ARA), which used in MANET, to be most efficient and strong
to face the most important routing problem, congestion and stagnation. That by build proposed routing algorithm called Congestion Control-
Simulating Annealing-ARA (CC-SA-ARA), which guide to the optimal shortest path with efficient deal for congestion and stagnation. Where
congestion control CC is a modest mathematical equation tended to examine the congestion state for all neighbors’ nodes to select the best
one not just by it is highest pheromone (less cost) but with considering minimum congestion. Simulating annealing SA exploited as a solution
to solve the stagnation problem by applying it after completing the first phase of ARA which ended by finding best paths from source to desti-
nation, save these paths then stimulate discovery phase using SA to discover if there is a best path better than these are saved. Finally by
comparing the proposed CC-SA-ARA algorithm with traditional ARA algorithm according to the intrinsic routing criteria (jitter and message
delivery ratio) related to congestion and stagnation, the result was very reasonable and encouraging.
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Introduction

A Mobile Ad hoc Network (MANET) is a wireless network without
any fixed infrastructure or centralized control; it contains mobile
nodes that are connected dynamically in an arbitrary manner. The
nodes are the main components of the network, these nodes are
mobile can move freely at any time, so the network structure chang-
es dynamically due to node mobility. Each node behaves as a rout-
er; it takes part in discovery and maintenances the routes to other
nodes in the network. The main characteristics of the MANET are
dynamic topology, bandwidth constrained, variable capacity links,
energy constrained operation. The nodes can move freely at any
time and can leave or join the network. The research challenges in
MANET are related to routing, security, reliability, scalability, quality
of services, internetworking, energy consumption and multimedia
applications. The MANET is essential in natural disasters like earth-
quake, flood, tsunami, fire and emergency services [1-3].

In recent years a large number of MANET routing algorithms have
been proposed, these algorithms deal with the dynamic aspects of
MANETSs in their own way, using proactive or reactive behavior, or a
combination of both. Proactive behavior means nodes try to main-
tain paths to all other nodes at all times. This means that they need
to keep track of all topology changes, which can become difficult if
there are a lot of nodes or if they are very mobile (e.g. Destination
Sequenced Distance Vector (DSDV) Protocol), Reactive behavior

means nodes only gather routing information on demand: when a
data session to a new destination starts, or when a path which is in
use fails. Reactive algorithms are in general more scalable, since
they greatly reduce the routing overhead, but they can suffer from
oscillations in performance because they are never prepared for
disruptive events (e.g. Ad-hoc On-Demand Distance Vector (AODV)
protocol and Dynamic Source Routing (DSR) protocol), In practice,
many algorithms are hybrid algorithms (e.g. Zone Routing Protocol
(ZRP)), using both proactive and reactive components in order to
try to combine the best of both worlds. The interest in MANETS has
been growing, and especially the design of MANET routing proto-
cols has received a lot of attention. One of the reasons is that rout-
ing in MANETS is a particularly challenging task due to the fact that
the topology of the network changes constantly and paths which
were initially efficient can quickly become inefficient or even infeasi-
ble. Moreover, control information flow in the network is very re-
stricted [4-6].

Ant Colony Optimization is the general name of the algorithm which
is inspired by a behavior of feeding of ant which was proposed by
Dorigo. The ACO meta-heuristic is based on generic problem repre-
sentation and the definition of the ant's behavior. ACO adopts the
foraging behavior of real ants. When multiple paths are available
from nest to food, ants do random walk initially. During their trip to
food as well as their return trip to nest, they lay a chemical sub-
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stance called pheromone, which serves as a route mark that the
ants have taken [7,8]. The first ACO routing algorithms were de-
signed for wired networks (e.g. AntNet for packet switched networks
and ABC for circuit-switched networks). These algorithms exhibit
interesting properties which are also desirable for MANET routing:
they work in a fully distributed way, are highly adaptive, use mobile
agents for active path sampling, are robust to agent failures, pro-
vide multipath routing, and automatically 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 care-
fully. There have already been some attempts to design ACO rout-
ing algorithms for MANETs. Examples are Ant Routing Algorithm
(ARA) [4,9].

Ant-Colony-Based Routing Algorithm (ARA) is a reactive routing
protocol proposed by Gunes and Spaniol [10] for mobile ad hoc
networks. The routing table entries in ARA contain pheromone val-
ues for choosing a neighbor as the next hop for each destination.
The routing algorithm is very similar constructed as many other
routing approaches and consists of three phases there are Route
Discovery Phase, Route Maintenance, Route Failure Handling [11].
Route discovery phase in ARA is performed by a set of two mobile
agents - forward ants and backward ants. The forward and back-
ward ants update the pheromone tables at the nodes along the path
for the source and destination nodes respectively, the second
phase of the routing algorithm is called route maintenance, which is
responsible for the improvement of the routes during the communi-
cation. ARA does not need any special packets for route mainte-
nance, The third and last phase of ARA handles routing failures,
which are caused especially through node mobility and thus very
common in mobile ad-hoc networks [12].

Related Works

Gunes, et al [13] introduced an Ant- Colony-Based Routing Algo-
rithm (ARA) is based on ant algorithms. The main properties of the
algorithm are high adaptive, efficiency. They presents some exten-
sions to the basic idea and shows through simulation results the
performance gain and compares it with AODV and DSR, the net-
work simulator is used to implement the result in the network simu-
lator-2. Cauvery, et al [14] presents the enhancements of ARA to
improve the performance of routing algorithm. ARA finds route be-
tween nodes in mobile ad-hoc network. The algorithm is on-demand
source initiated routing algorithm. The algorithm is adaptive, scala-
ble and favors load balancing. The improvements suggested in this
paper are handling of loss ants and resource reservation. Correia &
Vazao [15] presents a MANET routing protocol, inspired in insect
societies’ biological models, the Simple Ant Routing Algorithm
(SARA), which provides a simple and efficient routing solution.
SARA uses a controlled neighbor broadcast route discovery proce-
dure, aimed at reducing the routing overhead of existing solutions.
In this controlled neighbor broadcast strategy, every node collects
routing information received from its neighbors and updates its own
routing information accordingly, but only one of them is responsible
for forwarding this information. The selection of the node which will
be responsible for this task is made. Simulation results have shown
that, besides reducing the overhead incurred by the routing proto-
col, SARA also provides a solution to detect early congestion link
situations and tries to re-route the traffic through alternative routes
(if available). Correia & Vazéo [16] introduced the Simple Ant Rout-
ing Algorithm (SARA) that offers a low overhead solution, by opti-
mizing the routing process. Three complementary strategies were

used in this approach: during the route discovery used a new
broadcast mechanism in which each node broadcasts a control
message (FANT) to its neighbors, but only one of them broadcast
this message again. During the route maintenance phase, the over-
head reduced, by only using data packets to refresh the paths of
active sessions. Finally, the route repair phase is also enhanced, by
using a deep search procedure as a way of restricting the number
of nodes used to recover a route. Thus, instead of discovering a
new path from the source to the destination, tried to start the dis-
covery of a new path between the two end-nodes of the broken link.
The results achieved show that SARA offers the smallest overhead
of all the protocols under evaluation and presents an overhead
reduction of almost 25% of the value achieved by the other pro-
posals. Roy, et al [17] introduced one of the major issues in MANET
is routing due to the mobility of the nodes. QoS routing plays an
important role for providing QoS in wireless ad hoc networks. The
biggest challenge in this kind of networks is to find a path between
the communication end points satisfying user's QoS requirement.
Here, a new QoS algorithm for mobile ad hoc network has been
proposed. The proposed algorithm combines the idea of Ant Colony
Optimization (ACO) with Optimized Link State Routing (OLSR) pro-
tocol to identify multiple stable paths between source and destina-
tion nodes. Yoshikawa, et al [8] proposed a new hybrid routing algo-
rithm which combines Tabu search with Ant Colony Optimization.
The proposed hybrid technique enables to find the shortest route
including the blind alley. Experiments prove the effectiveness in
comparison with conventional routing algorithm such as Dijkstra
algorithm.

The Proposal CC-SA-ARA

Before introducing the proposal of Congestion Control-Simulating
Annealing-ARA (CC-SA-ARA) routing algorithm which try to ad-
vance ARA performance by support ARA by Congestion Control
and feeding first phase of ARA with SA to stimulate the best paths
not considered in discovery phase due to the stagnation problems
known in ACO which is presented by freezing although there is
other solutions are exists.

Congestion Control

Congestion Control (CC), refers to the set of actions taken by the
network to minimize the intensity, spread, and duration of conges-
tion. It can be said that it is that aspect of a networking protocol that
defines how the network deals with congestion. The proposed con-
gestion control aims to examine the congestion state for all neigh-
bors’ nodes to select the best one which present a minimum con-
gestion. This will be done by a proposed modest mathematical
equation to measure the congestion, and it is as follow:

CSRi = TPPA-TPPS M
where
CSRi: Congestion State Node (no. i)
TPPAI: Time Ping Packet Acknowledgement (no. i)
TPPSi: Time Ping Packet Send (no. i)
This means the measure of congestion will considered by counting
time between sending ping packets from current source to all neigh-
bors represent the current destinations and receiving ping packets
acknowledgements from all current destinations to the source. The
minimum time will be depended and the related current destination

will be taken as the best congestion state node to represent the
new current source.
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Simulated Annealing

Simulated Annealing (SA), is a global optimization algorithm that
belongs to the field of Stochastic Optimization and Metaheuristics.
Here we will use SA as a solution to solve the stagnation problems
which freeze the space of search to some paths but in real there is
a best path not discovered yet. This procedure of SA will applied
after completing the first phase of ARA which ended by finding mul-
tipath from source to destination, here we will save them and apply
SA to stimulate the search space to discover if there is a best path
better than these are saved.

The Full Proposed CC-SA-ARA Algorithm

The network under consideration is represented as G = (V,E), a
connected graph with N nodes. The metric of optimization is num-
ber of hops between the nodes and congestion for each node. The
goal is to find the shortest and less congestion path between source
node Vs and destination Vd, where Vs and Vd belong to V. The
path length is given by the number of nodes along the path.

Input: Network as connected graph with N nodes G = (V, E).
Output: Shortest and less congestion path.

Graph Parameters

o Each link/edge e(i,j) € E of the graph connecting node Vi and Vj
has a variable ¢i,j indicating the artificial pheromone value.

e An ant located in node Vi uses pheromone ¢i,j of node Vj be-
long to Ni to compute the probability of node Vj as next hop.

o Niis the set of one hop neighbors of node Vi.

o Ciis the set of congestion states of one hop neighbors of node
Vi.

Node Parameters

Routing Table

Routing table at each node stores the list of reachable nodes and
their pheromone value. It is represented as structure consisting of
following fields:

Destination_id: This represents the address of the destination
node.

Next_id: This represents the address of the adjacent node used to
reach destination node.

Pheremone: This represents the value used by the node to calcu-
late the probability of each adjacent node to be the next hop in or-
der to reach the destination.

Neighbor List

Neighbor list is used to store the information of all the neighboring
nodes.

Congestion List

Congestion list is used to store the congestion state information of
all the neighboring nodes.

SA Parameters
o Problem Size, the paths discovered from the first phase of ARA.

o [terationmax, the maximum no. of iterations in SA to stimulate the
search space (stimulate new un discovered paths).

o fempmax, the maximum heat to shake the search space.
o Stest, the best solution.

Process
Step 1: Discovery Phase

o At source node create FA and broadcast to nodes in neighbor
list.

o At source node, wait for BA. If BA not received within timeout
period, generate FA with new sequence number and broadcast
to nodes in neighbor list. If BA is received within timeout period
send data packets along the path generated.

e Atany node, when it receives FA, it does the following
If current node = destination node

{

Set type of control packet to BA with same sequence num-
ber as FA.

- Reserve resource at current node.
- Send BA to node from which it has received FA.

}

Else
{
- hop count = hop count + 1
- ¢i,j = ¢i,j*+ A /lupdate pheromone value
- determine the congestion state using [Eq-1]
Send FA to nodes in neighbor list and congestion list
}
o Atany node, when it receives BA, it does the following
If (current node is not source node)
{
Reserve resource at current node
Send BA to node from which it has received FA

}

Else //BA reaches source node
{
-Get pheromone values of all links using neighbor list.
-Compute probability for all nodes in neighbor list using
pi,j = oi,j/ (Z¢ij)forjeNi=0
for j does not belong to Ni 2)
The probability pi,j of a node Vi has the constraint that
Zpi,j=1,jeNi
- Get congestion state values of all links using Congestion list.
- Compute congestion state for all nodes in congestion list using
(Eq-1]
Send packets to that link which has highest probability value.
}
Step 2: Stimulating Best Paths
Scurrent <— Initial Paths (Problem Size);
Shest <— Scurrent;
fori=1to iterationsmax do
Si « Create Neighbor path (Seurent);
tempcur<— Calculate Temperature (i, tempmax)
if Cost (Sj) < Cost (Scurrent) then
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Scurrent «<— Si;

if Cost (Sj) < Cost (Seest) then
Shest —S;
end

Else if Exp> [Cosr(sw,)—CosaS,)

temp e ] rand () then
Scurrent < Si;
end

end

Return Spest;

Step 3: Route Maintenance
At each node, when it receives data packet, it does the following
If current node = destination node

{

Extract data

Send packet (acknowledge packet) to previous node

}

Else
{
- Get pheromone values of all links using neighbor list.
- Compute probability for all nodes in neighbor list using [Eq-2].
- Get congestion state values of all links using Congestion list.
- Compute probability for all nodes in congestion list using [Eq-1].

- Send packets to that link which has highest probability value
and less congestion.

- Increment pheromone value for the highest probability link.

}

o At regular intervals decrement pheromone value by a. If the
pheromone value = 0 for any destination then call route discov-
ery phase.

o If acknowledgement is not received at current node before
timeout send route error to previous node (handling by error
handling phase).

e Refresh route after time out.

Step 4: Route Failure Handling

At any node if a route error message is received, it performs the
following function

If alternate path exist to reach destination
- Send packets through other route
Else
{
- Set pheromone = 0 in routing table //deactivate link
- Send route error message to previous node.

}

If route error message reaches source, it calls route discovery
phase.

End of Process

Experimental Works and Results

In our Experimental works we concentrate on two dimensions in
problems of routing algorithms these are congestion and stagna-

tion; the both could be measured by the following parameters:

Message Delivery Ratio: Message Delivery Ratio is defined as the
ratio between the number of messages sent by sources and num-
ber of messages received by destination.

Average End-to-End Delay: Time taken for the packets to reach
the destination.

To get a better idea of the performance of CC-SA-ARA we com-
pared it with traditional ARA, We present results obtained by simu-
lations done under VB.NET environment by constructing connected
graph represent a network with 20 nodes, and we control the mobili-
ty of nodes in this network. Our experimental works was done by
applying the traditional ARA and proposed CC-SA-ARA on the con-
structed networks, and from the implementation we get the follow-
ing results. [Fig-1] presents the message delivery ratio of MANET
when using traditional ARA and proposed CC-SA-ARA and [Fig-2]
presents the end-to-end delay of MANET when using traditional
ARA and proposed CC-SA-ARA, we see the superiority of the pro-
posed CC-SA-ARA over the traditional one. There is also most
critical and encouraged point in our proposal the results were ob-
tained with high mobility of MANET.
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Conclusions

In this paper we presented a new (ARA) for MANET which is based
on ant algorithms, also supported by proposed modest equation to
apply a congestion control and supported by simulating annealing
to stimulate the best path in discovery phase. The traditional ARA
performed poorly in highly mobile scenarios (message delivery ratio
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and jitter). The proposed CC and injection of SA improve the perfor-
mance of ARA in all scenarios (message delivery ratio and jitter)
especially in those with high mobility.
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