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Shortest Path Routing in Multihop Packet Switching Communication Network
using Genetic algorithm’

This paper considers uni cast routing problem for networks where transmission requests
are established by point to point connection. In this paper, the static routing problem of
a given network has been formulated as a single objective optimization problem, and
solved using a variant of genetic algorithms which minimizes the cost of existing links.
Variable length chromosomes and their genes are used to encode the problem. The cost
of existing links betweén different source and destination paths have been used to
evaluate. the fitness of chromosome. The crossover operator exchanges partial
chromosomes at positionally independent crossing sites. The mutation provides the
diversity of the population in the solution space by flipping of one of the genes of the
candidate chromosomes, thereby keeping away from local optima. This algorithm has
been tested on a known network of twenty nodes where the cost functions are known. It
has also been calculated the average of best scores and the mean scores of all the
individuals in a population pool after ten generations and fifty random trials.

1. Introduction

Finding an optimal route to transport certain traffic from a source node to a destination
node is an important issue in optical network communication. The shortest path routing
problem can be:formulated either in terms of the physical distance or average number of hops
the packet use to undergo between a particular source and destination, or in terms of cost of
that particular link. Here, the cost of link usually depends on the use of the number of
transmitters, receivers, wavelength converters on that link. Further, in multi hop network,
routing is one of the most important issues that has a significant impact on the networks
performance. It controls the cost of the whole network, as the average delay. An ideal routing
algorithm should be capable of finding a path within a specified time so as to maintain the
quality of services of a network. There exists several search algorithms for the shortest path
problem such as the breadth-first search algorithm, the Dijkstra’s algorithm and the Bellman
Ford algorithm [10]. All these algorithms are capable of solving a shortest path problem in
polynomial time and they are good for fixed wired or wireless topology. However, for
dynamic changes in traffic or topology including node and link failure in real time incur high
computational complexity. In this paper, the network considered facilitates dynamic node
configuration without the help of any fixed infrastructure network. Further, optimal path need
to be computed within a very short time for time constrained services like voice, video and
teleconferencing application.

In this area, the published research works mainly concentrated on routing optimization to
minimize maximum link load, optimization of the total fiber requirements and the fiber pors
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of each optical cross connect [3], and minimization the total fiber length [4]. There exists
various methods to solve routing optimization problem with different objectives such as
Integer Linear Programming, Heuristic Tabu search etc [11]. However, shortest path routing
problems usually formulated as a classical combinatorial optimization problems are addressed
well through neural networks and genetic algorithms to find near optimal solutions in various
practical applications. Neural networks and Genetic algorithms are heavily based on objective
function formulation and are stochastic in nature. These methods have been reported methods
to give better results compared to classical methods. Further, these methods also try to give
many potential solutions along with the optimal solutions, unlike other classical methods
which output only one solution. Genetic algorithms can address network problems of any
arbitrary size, unlike its neural counterpart that can accommodate networks of limited size.
Therefore, Genetic algorithms are superior compared to other methods for finding a shortest
route [1] for network of any size and dynamically changing topology. Genetic algorithms have
been used for solving many combinatorial optimization problems like multicasting routing [2-
3], ATM bandwidth allocation [2], capacity and flow assignment [4] dynamic routing [7], and
shortest path routing [5].

This paper focuses only on the unicasting or one-source-to-destination problems, which can
easily be extended for multicasting routing problems. Here, a new type of Genetic algorithm
has been proposed for solving shortest path routing problem for a 20 node network. The
proposed algorithm exhibits better solution with higher rate of convergence than other
algorithms. Further, the results obtained are independent of network size and topologies. In
this study, variable length chromosomes have been considered where the chromosomes are
sequence of nodes generated randomly based on the available physical topology. The
crossover exchanges part of the two chromosomes, whereas mutation introduces new
chromosomes. The proposed GA employs a pair wise tournament selection without
replacement with a very low mutation probability of 0.05. The mutation provides diversity in
the population in the solution space by flipping of one of the genes of the candidate
chromosome. Further, a repair function has been used to cure all the infeasible chromosomes
which is generated after crossover operation instead of applying any penalty to all the
infeasible individuals.

2. Proposed Algorithm
2.1. Problem Formulation

Any multihop physical topology network can be specified by the directed graph G = (N, A),
where N represents the total number of nodes (vertices) and A is a set of its links (arcs or
edges). There is a cost C;; associated with each link (i, j) .The costs are specified by the cost
matrix C =[Cij], where Cijdenotes a cost of transmitting a packet from source S to
destination D, respectively. There is a link connection indicator Jij which is equal to one
when the link is included in the path and is equal to zero when the link is not included in the
path. Here, the shortest path routing problem has been formulated as a combinatonal
optimization problem minimizing the objective function as follows:
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Above mentioned objective function (1a) minimizes the cost of a link from different source
to destination nodes and the constraints (1b) and (1c) indicate the path without any loops.

2.2, Chromosome Representation

In this paper we have represented the paths as chromosomes. Each chromosomes are a
sequence of nodes which are randomly generated and at the same time they satisfy the
physical topology connectivity [1] of the particular network. The gene of the first locus always
represents the source node. The length of the chromosomes are not same. We have taken
variable length chromosomes. The length of chromosome should not exceed ! where /
represents the total number of nodes in the network, Since a routing path can never take more
than / nodes. An example of chromosome representation is shown below. A chromosome is a
routing path encoded from source node S to destination node D. The chromosome is

essentially a list of nodes along the constructed path where / represents the total number of
nodes.

Chromosome

“The first locus gene represents the source node always and the second locus node is
generated randomly which is one of the physical connected node to the source node. In the
encoding process each step of the path passes through a physical link in the network. This
process continues till the destination node is reached. In the above figure k, represents the



neighboring node of the source node, k; represents the neighboring node of k; and so on till
the destination node is reached.

2.3. Initialization of population

Two issues to be considered here for the initialization of population size: the initial
population size and the procedure to initialize the population. Large population size gives
better result sometimes, but it demands excessive costs in terms of both memory and time.
Sometimes smaller population size also gives satisfactory results. Choosing adequate
population size is very crucial .In this paper we have considered population size is equal to the
number of nodes, /. When number of nodes increases the complexity of problem also
increases.

Random initialization has been adopted to generate the initial population. The source
node is fixed. The other nodes are generated randomly and at the same time they maintain the
physical connectivity. The nodes are choosen randomly from the topological information data
base. If there is any infeasible chromosome then care has been taken to refresh and reinitialize
the chromosome or the path again.

2.4, Fitness Description

The fitness of a problem is based on its objective function. The fitness function evaluates
the fitness of chromosome. It evaluates the quality of a chromosome in the entire population.
The formulation of fitness function for a particular problem therefore plays a very major and
crucial role. Since fitness function controls the quality of chromosome, it has to be formulated
efficiently and accurately. The fitness function of GA is generally the objective function that
requires to be optimized. It reflects the objective function. The fitness characteristic of a
chromosome is better than others when that particular chromosome has higher fitness value. It
is this fitness function which decides or selects the fittest chromosomes or more suitable
chromosomes in the next generation.

The fitness function of the proposed algorithm depends on the cost matrix. The higher the
cost of an existing link on the shortest path, the worst is the fitness of that chromosome, i.e., it
lowers the value of the fitness function of that particular path or chromosome. The fitness
function formulation for the given shortest path routing problem is given below:
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The equation above represents the fitness function of ith individual, where fi represents
the fitness value of the ith chromosome, k, is the length of the ith chromosome,

8y, represents the gene of the jth locus of ith chromosome. C is the link cost between nodes.



2.5. Selection

The selection operator improves the quality of the population by selecting high quality
chromosomes. The chromosomes are selected according to their fitness and get copied into the
next generation. There are many selection operators. In the proposed algorithm we make use
of binary tournament selection operator without replacement. This selection keeps noise as
small as possible. In this selection process two chromosomes are selected randomly from the
population pool and the fitter individual is selected to serve as parents for the next generation.
While selecting' the chromosomes care has been taken to see that the same selected
chromosome does not get selected again.

2.6. Crossover

Usually two reproduction operators are used in the Genetic algorithm. Crossover is one
where exchange of partial chromosomes (strings) of two chosen or selected chromosomes
takes place. In the sp routing problem the crossover exchanges each partial route of two
chosen chromosomes in such a manner that the offspring produced by the crossover represents
only one route. In this process one partial route represents a route from a source node to an
intermediate node and other represents a route from an intermediate node to a destination
node.

The crossover used in the sp routing problem is not same as that of conventional one point
crossover. In the proposed algorithm the two chromosomes are selected randomly [1] and they
should have at least one common node or common gene apart from the source and destination
node and it is not mandatory that the common node must be placed at the same locus or
position of both the chromosomes. Therefore the crossover does not dependent on the position
of the nodes in the routing paths. The locus of the common node is itself the crossing site for
those two chromosomes. If the two chosen chromosomes do not have any common node they
are placed in the intermediate pool just like that without any crossover operation. If the two
selected chromosomes have more than one common node then the crossing site for the
crossover operation is chosen randomly, which is explained below with a figure.

Before crossover

S k ke | ki | ks | D

S ke | ke | ki | ks | ke | Kyo [ D

1" potential crossing site is (4, 4) which is node k4
2nd potential crossing site is (5, 6) which is node k6



After crossover

Crossing site is (5, 6) which is randomly chosen
Two off springs generated after crossover:

S | Ki [ Ko [ Ki | Ks | Ko| D

S K | Ks | Ke | Ks | Kg | D

After crossover there may be chances of formation of loops in the chromosomes or the
paths because of presence of same node in both the partial paths. So we have developed a
repair methods to avoid these loops which otherwise never allow a packet to reach its
destination.

2.7. Mutation

The mutation of chromosomes takes place by changing or flipping one of the genes of the
candidate chromosomes to avoid the presence of local optima. In the proposed algorithm
mutation probability of 0.05 is taken. Mutation side of the selected chromosome is chosen
randomly. From that mutation node to destination node a partial new path is generated based
on the physical topological [1] data base. While implementing the algorithm care should be
taken so that no nodes get repeated which forms undesirable loop in the path.

Both crossover and mutation does exploitation and exploration in the search space to find
better solution.



Before mutation

S Ki | K[ D

10,0,0,0

K4 represents the mutation point

After mutation

OO

After mutation point k4 the path searches for the next node randomly depending on the
connectivity till destination node is reached. '

2.8. Repair Method

The crossover may generate infeasible chromosomes which forms loop in the routing path.
Care has been taken to generate feasible chromosome always after initialization and mutation.

A repair method [1] has been used to obtain feasible chromosomes. A classical method
employs a penalty approach where penalty is given to each infeasible chromosome dependng
on its degree of infeasibility. But it is difficult to design an appropriate penalty function and
also it is difficult to ensure quick convergence and high quality of solution. This technique
may sacrifice some feasible chromosomes and may produce some infeasible chromosomes.
Therefore the proposed repair method is best to use which eliminates the loop in a routing
path without increasing the computational cost. This is explained in the figure below. One of
the offspring becomes infeasible after crossover operation because the new route contains the
loop kz-ks—k;. The repair function detects the loop and repairs it.

Before repair function and before crossover

S | K | Ko |Ke| D | K, | D
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After crossover and before applying repair function

After crossover and before applying repair function we find one feasible and one infeasible
chromosome and as shown below in the figure we find a loop in the infeasible chromosome.

S |Ki|Ki[Ks| D

After applying repair function

As shown below in the figure after applying repair function the loop is eliminated and the
chromosomes become feasible.

The loop ka-k4-k; is eliminated here



3. Experiments and discussions

All the simulations were performed with visual ¢ ++. The fitness function is plotted for
different generation and it converges on the 6" generation. The population size 20 is taken in
the experiment. The proposed GA considers the binary tournament selection without
replacement. The mutation probability of 0.05 is considered here. The experiment is run for
different sets of 50 random numbers and the average of best scores and means scores of all the
individuals in the population pool are calculated and plotted for ten generations.

3.1. Simulation Results for a fixed network with 20 nodes

The simulation has been performed on a fixed deterministic weighted topology network of
20 nodes as shown in the figure below along with the optimal path. The bold line shows the
optimal path.

The source node is 2 and destination node is 20
The shortest path is 2-7-8-14-20

The source node zs 11 and destination node is 20
The shortest path is 11-10-19-20



3.2. Fitness function values

The figure below shows the fitness function with generations and it implies that the
proposed GA algorithm exhibits a very fast rate of convergence because the number of
generations up to the convergence is the small.

Fig. Average of best fitness scores and mean fitness scores

The figure below shows the average of best scores and mean scores after 10 generation
and 50 different trials. The figure shows that the proposed algorithm exhibits much higher
rate of convergence and at about 4% generation the mean average fitness and mean best
fitness over 50 trials have been driven to a nearly constant level.
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Fig. Mean best scores over 50 trials and after 10
generation

4. Conclusion and Further Scope

This paper presents a
topology network. The

avoids local optima and

computational complexity.

genetic algorithm for solving routing problem in a fixed static
crossover and mutation operator work on variable length
chromosomes. The crossover is independent of crossing site. Both crossover and mutation
play an important role and search the solution space in a very effective manner. Mutation
maintains the diversity of the population. A repair method is
introduced to deal with infeasible chromosomes without any additional cost and
Simulation shows that the proposed algorithm is not sensitive to
variation in network topology. However for dynamic network topology hardware

implementation of GA provides better solution than other methods.

The proposed algorithm can be extended for multicasting shortest path routing problem as

well.
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