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Abstract— This survey describes a method of achieving load balancing in telecommunications networks, excess data
carrying nodes can become congested in network and causes to be chance of data lost. In addition to calls, the
network also supports to population of simple mobile agents with their behaviours of modelled on the trail laying
abilities of ants. The ants move across the network in between randomly chosen pairs of nodes; as they move they
deposit simulated pheromones as a function of their distance from their own source node, and the congestion
encountered on their root. They select their path at each intermediate node according the distribution of simulated
pheromones at each node. The calls between nodes are routed as a function of the pheromone distributions at each
intermediate node. The performance of the networks is measured by the average no of hops taken to complete the
calls. In this report, the results of using the ant based control (ABC) are compared with those achieved by using fixed
shortest path routes (dijkstra’s algorithm) used in network management.
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I. INTRODUCTION
Load balancing is a technique to spread work between two or more computers, network links, CPU's, hard drives, or
other resources, in order to get optimal maximize throughput, minimize response time and resource utiliza-tion. Load
balancing can be useful when dealing with redundant communications (networks) links. Load balancing is basically the
construction of call routing schemes which successfully distribute the changing load over the system and minimize lost
calls. Absolutely it is possible to determine the shortest routes from every node to every other node in the network. In this
way the average utilization of nodes will be minimized, but it is not necessarily the ideal way to avoid congestion of node,
as this has to do with how the traffic on the network is distributed. This type distributed system controlling by means of a
single central controller has several disadvantages. The controller usually needs to have current knowledge about the
entire system, necessitating communication links of system from every part of the system to controller. Since technology
growing faster, people are more interested to finding ways that connect each other faster than last one. However many
technologies invented for this problem, some that are highly effective in individual cases. Ants first evolved 120 million
years ago, they found more than 10,000 different species. They leaved in different colonies. For moving from one place
to other ants having ability to create their own path called as “ant streets”. Streets are in the form of long, bidirectional
lanes of single pathways in which they navigate landscapes in order to reach a destination in optimal time. Ants drop the
pheromone on the ant streets which guide them using a shortest path mechanism. This technique allows finding optimal
minimum path. In the year 1990‟s Computer Scientist researched new routing algorithm in result Ant Colony
Optimization, it minimize number of nodes that are useful to connect in order to complete network and minimizing load
and increasing reliability. Marco Dorigo and Thomas Stutzle gave the design to implement ANTNet, it conclude how the
algorithm perform and how it could be further implement [22].
II. REVIEW
A. Problems with Routing in the Internet
Ants have the ability to create long bi-directional paths between their sources to destination within optimal minimum
time. There are several obstacles in the network, there need to change at any point in network, several network algorithm
ants perform vital roles in such condition. Ants are able to change the path, that reason researchers are interested most.
By applying these ability to routing algorithm internet can flow faster. Many times routing devices taken down due to
many reasons, it is hard to new router or device to find a path but router which was previous in the path. ACO aimed is
doing that one easily.
B. Packet Switching and Circuit Switching
As usual two technologies Circuit Switched and Packet Switched Network used for sending information towards the
internet. Circuit switching is related to telephone lines, is follow telephone calling procedure and Packet Switching is
related to packet, packet is sent from one computer to another by using several paths.
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C. Developing Ants to Travel the Network
In the real world ants are in search of foods, once they do they come back to the colonies. They can do this because at
leaving their colony they trail their pheromone on the path and at the time of returning they easily come back to home.
Pheromone is some kind of liquid that trails by ants on the path to identify the optimal path. This is what about ants, but
scientist tried to follow the same thing artificially, they need to artificial pheromone trail for accomplish the task of
optimal path. Greedy heuristic algorithm state that in network packet proceed down multiple paths and picks the next
step based upon previous packet knowledge. Trail is updated whenever successful path is achieved. Tail designed by two
types of ants, the regular ants and uniform ants. ACO have regular ants which transport data from source to destination in
the most efficient manner and in optimal time. At every node in the path ants maintain routing table, which is initially
setup by uniform ants and determine which next node to take as it progresses to the destination. This will make all the
regular ants converge on to that route which is then taken by almost all of the packets. When this state is achieved the
ants are said to be stable. This is the technique finds the fastest path through the topology. The regular ants do not use as
much intelligence as the uniform ants, which are used to find the fastest routes through the network. Uniform ants are
dispatched to travel the network and seed the probabilistic routing tables so that the worker ants can use their heuristics to
choose the best path. These ants do not necessarily need a destination because they are just searching to find the fastest
paths to different nodes. This is also important because the origin node may not have knowledge of the entire network
layout. Uniform ants are also immune to the probabilities which have been previously set at each router to guide the
regular ants; this makes them immune to the oscillation problems in the network. These ants use backwards reporting and
once they reach a certain destination will report back to the previous node the cost that was encountered from that hop,
the routers then update their probabilistic routing tables. These ants also use their own heuristics to determine which
route to take next, which ensures that not all of the uniform ants take same path at a given node. Every path has the same
probability of being taken. They also have an attribute associated with them called time to live, at every node that the
worker ant passes a variable is increased by one and once this hits a certain limit the ant dies. This ensures that the ant
will not be crawling around the network forever.
D. Nature of Ant
Behaviour of each ant is much unsophisticated insects. They having small amount of memory that appears to have a large
random component. They acts as collective as well as manage to perform a variety of complicated tasks with great
reliability and consistency [15].
E. Principles of Trail Laying
Depending on the species, ants may lay pheromone trails when travelling from the nest (source) to food (destination), or
from food (destination) to the nest (source), or when travelling in either direction. Sometimes they follow these trails,
which are a function of the trail strength. Ants drop pheromones as they walk by stopping briefly and touching their
gaster, which laying the pheromone secreting gland, on the ground or any area. The ants have a decision to lay there
pheromones when trailing around the ground. Pheromones evaporate and spread away, the strength of the trail when it is
encountered by another ant is a function of the original strength, and the time from the trail was laid. They applied some
principles for finding food for example [7]:

Fig.2.1 Ants have decision to make
In Figure 2.1, there are two possible routes between nest and food-source. Firstly, an ant arriving at a T-crossing (choice
point), they makes a random decision with a probability of 0.5 to turn left or right. The path lines represent the
pheromone trails. Ants chose the shorter branch have arrived at their destination (food source), while the ones that chose
the longer branch are still on their way. For both branches ants initially select their way with a 0.5 probability, if there is
no pheromone on the paths yet. If pheromone on the path, then there is higher probability of an ant for choosing the path
with the higher pheromone concentration, after several moments later the simulation of ants are as follows:

Fig. 2.2 Simulation several moments later
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Although this is essentially self-organization rather than learning, ants have to cope with a phenomenon that looks very
much like overtraining in reinforcement learning techniques. There are two main issues: the blocking problem and the
shortcut problem (Sutton, 1990). The blocking problem occurs when a route previously found by the ants is no longer
available. It can then take a relatively long time for the ants to find a new route. The shortcut problem occurs when a new,
shorter route suddenly becomes available. In this case the new route will not easily be found, because the old trails are so
strong that almost all the ants choose them.
III. PARAMETERS OF SYSTEM
In telecommunication network, the calls between two nodes are routed through number of intermediate hopes. Load
balancing it is the process of constructing calls in network and distribute data in network without lost. Artificially we
required Ant Based Control to managing load balance in net-work. Following are the parameters used to implement
artificial ant in network.
A. Pheromone Table
In network routing tables are replaced by probabilities which are named as pheromone table. Every node has the
pheromone table which records the every move towards the destination node [16].
B. Pheromone table update criteria
Ants move from one node to another according to probabilities of the destination node. Once they arrive at destination
node they update the pheromone table. Here method used to update the table is quite simple, an ants arrives at node, they
entries into the corresponding pheromone table according to the following formula [16].

Here p is the new probability and Δp is the probability (or pheromone) increase. The other entries in the table of this node
are decreased according to the formula.

C. Call routing in network
To determine look for a call artificial ants look in pheromone table before moving from source node to destination.
Routes are valid if destination is clear to reach the ant. If route is congested then newly arriving call pressure the load on
exiting node, it means open the delay mechanism. The relationship between calls, nodes, pheromone table and ants as
follows.

Fig. 3.1 Figure 3 Relationship between calls, node utilization, pheromone tables and ants. An arrow indicates the
direction of influence [16].
IV. METHODOLOGY
A. ANT NET ALGORITHM
The AntNet first version, presented in 1997 [Dorigo et al 97], will be denominated AntNet1.0, and the second version
published in 1998 [Dorigo et al 1998] will be called AntNet2.0.
Suppose a data network, with N nodes, where s denotes a generic source node, when it generates an agent or ant toward a
destination d. Two types of ants are defined:
1. Forward Ant, denoted
, which will travel from the source node to a destination .
2.

Backward Ant, denoted

that will be generated by a forward ant

back to s following the same path traversed by
up by

in the destination d, and it will come

, with the purpose of using the information already picked

in order to update routing tables of the visited nodes
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Every ant transports a stack
of data, where the k index refers to the ke-st visited node, in a journey, where
= s and
= d, being m the amount o jumps performed by
for arriving to d. Let 𝑘 be any network
node; its routing table will have N entries, one for each possible destination. Let j be one entry of 𝑘 routing table (a
possible destination). Let
be set of neighboring nodes of node 𝑘. Let
be the probability with which an ant or data
packet in 𝑘 jumps to a node i,
routing table, it will be
values of

when the destination is j
subject to the condition:

. Then, for each of the N entries in the node k

The following lines show AntNet pseudo code, using the symbols and nomenclature already presented:
BEGIN
{Routing Tables Set-Up: For each node k the routing tables are initialized with a uniform distribution:

DO always (in parallel)
{
STEP 1: In regular time intervals, each node s launches an
ant to a
randomly chosen destination d.
/*During its trip to d, when
reach a node k, (k≠d), it does step 2*/
DO (in parallel, for each
{
STEP 2:
pushes in its stack
the node 𝑘 identifier and the time elapsed between its launching from s to its
arriving to 𝑘.
selects the next node to visit in two possible ways:
(a)
It draws between i nodes, i→ , where each node i has a
probability (in the 𝑘 routing table) to be selected.
IF the node selected in (a) was already visited
(b)
It draws again, but with the same probability for all
neighbor nodes i, i→ . Fs→d jumps to chosen node.
IF the selected node was already visited
STEP 3: A cycle is detected and
pops from its
stack all data related to the cycle nodes, since the
optimal path must not have any cycle.
comes
back to step 2 (a).
END IF
END IF
} WHILE jumping node ≠ d
STEP 4:
generates another ant, called backward ant
.
transfers to
its stack
and then dies.
/*
, will follow the same path used by
, but in the opposing
direction, that is, from d to s*/
DO (in parallel, for each
ant)
{
/*When
arrives from a node f, f∊
to a 𝑘, it does step 5*/
STEP 5:
updates the 𝑘 routing table and list of trips, for the
entries regarding to nodes 𝑘‟ between 𝑘 and d inclusive, according to
the data carried in
.
IF 𝑘≠s
will jump from k to a node with identifier given by
END IF
} WHILE (𝑘≠s)
}
}
END
The routing table and list of trips updating methods for k are described as follows:
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1. The k routing table is updated for the entries corresponding to the nodes 𝑘‟ between 𝑘 and d inclusive. For
example, the updating approach for the d node, when
arrives to 𝑘, coming from f, f ∊ is explained, next:
A
probability associated with the node f when it wants to update the data corresponding to the d node is increased,
according to:

where r´ is an dimensional measure, indicating how good (small) is the elapsed trip time T with regard to what has been
observed on average until that instant. Experimentally, r‟ is expressed as:

Ѓ
1
where: μ is the arithmetic observed trip time T average. c is a scale factor experimentally chosen like 2 (Dorigo 1997).
More details about r‟ and its significance can be found in (Dorigo 1997).
The other neighboring nodes
probabilities associated with node 𝑘 are diminished, in order to satisfy
equation (1), through the expression:

2.

A list
of estimate arithmetic mean values
and associated variances
for trip times
from node k to all nodes
is also updated. This data structure represents a memory of the network state
as seen by node k. The list trip is updated with information carried by
ants in their stack
. For any
node pair source-destination, µ after (n+1) samples (n>0) is calculated as follows:

Where: xn+1 trip time T sample n+1, μn arithmetic mean after n trip time samples [16].
V. EXPERIMENTAL RESULT
To begin with, each possible path has an even likelihood of being chosen. An ant is placed on a network of 4 nodes, with
the source node 1 and destination node 2. A chance mechanism is invoked and a path is chosen.
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Divide 1 (hop) by 100: 100%
Add 100 to the probability value of node 2 (currently 33.3333): 133.3333
Add the values of the other nodes to 133.3333 (133.3333 + 33.3333 + 33.3333): 200 (approximately)
Calculate the ratio: ratio = 100/200 0.5
Set the probability of the node to its current value multiplied by the ratio
Node 2: 133.3333 * ratio (0.5) = 66.6666%
Node 3: 33.3333 * ratio (0.5) = 16.6666%
Node 4: 33.3333 * ratio (0.5) = 16.6666%
Node 2 (66.6666%) + Node 3 (16.6666%) + Node 4 (16.6666%) = 99.9999%
The system isn't 100% accurate as the total will never add up to exactly 100%, but it will be close enough to allow
accuracy within the level required [16].

Fig. 5.2 for 100 calls AntNet required 5.5 hopes (Orange Color) and Dijkstra required
6.18 hopes (Blue Color).
VI. CONCLUSIONS
As we know the current telecommunication networks suffer from network issues such as network congestion which
causes failing of calls in network. For that purpose required routing algorithm as well load sharing algorithm to minimize
the effect of congestion. In this survey we have simulated ant colony algorithm for load balancing in Network to handle
largest influx of traffic. Average no of nodes used for complete a fixed number of calls in the network. We found that
average no of hopes are less in case of ant colony optimization.
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