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Abstract 
The problem of selecting the shortest route from a 
source node to a destination node is well known and 
widely applicable problem. By finding the shortest 
path we can minimize the cost associated with the 
network. The cost consists of transmission delay and 
the number of resources used, as the main factors. A 
lot of work has been done on the route optimization 
but most of them are not capable of dealing with some 
real life scenarios. This paper presents the problem of 
finding & selecting a route from a source node to 
destination node along with minimum congestion on 
the route under a static environment. In this paper we 
have discussed the route optimization problem and 
some factors with the help of which we can increase 
the performance of a network. This paper also consist 
the overview of Genetic Algorithms and how to 
optimize the network with the use of GA. The idea of 
a Genetic Algorithm which maximizes the objective 
function that includes the distance from source node to 
destination node and the congestion cost associated 
with each node along the route is also presented. 
Keywords: Network Optimization, Genetic 
Algorithms, Congestion. 

1. Introduction 

In conventional routing schemes, all data is 
routed through a single path, unlike these 
schemes, multipath routing schemes route the 
data along several paths. The congestion, in 
multipath routing, can be handled easily. 
However, multipath routing schemes are 
efficient than conventional schemes yet most of 
the research in context of multipath routing 
focused on centralized approach (in which the 
information of whole network is required). This 
approach makes it not suitable for mobile 
network. In this paper, we have taken the 
advantage of multipath routing for congestion 

minimization. In our work, we have used two 
properties of multipath routing: congestion 
minimization and distributed property. Then, we 
have proposed the routing algorithm to solve the 
problem of selecting the best path among 
different available paths.  

Routing algorithm based on GA has been found 
more efficient and flexible to changes in the 
topologies. Transmission cost and transmission 
delay are two important factors controlling the 
performance of any network. In most of the 
network related problems, the concept of 
minimum spanning tree plays an important role. 
Every graph with each edge having a fixed cost 
or weight has a spanning tree with minimum 
cost. When costs are fixed, Kruskal [1] and Prim 
[2] algorithms are used to find the minimum 
spanning tree in polynomial times [3]. Genetic 
algorithm can also be used to optimize the route 
in the network by optimizing distance and 
congestion present in the network. 

2. Optimization using Genetic 
Algorithm 

Routing is defined as the process of finding the 
routes between the nodes present in a network. 
There are two types of routing: static routing and 
dynamic routing. In case of static routing routes 
are pre-computed in accordance with some 
available factors [4]. Whereas in case of dynamic 
routing, routes are generated according to the 
need. These routes are based on some factors like 
data traffic, link capacity, type of resource etc. 
Optimal routing and shortest path routing are 
other types of routing schemes. We can treat the 
process of routing as a search process, in which 
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we have to find out the best path. GA is the tool 
used for searching process, which find out the 
optimum path from the set of available paths.  

3. Algorithm for Optimization 

GA starts its work from a set of chromosomes 
known as population. Each chromosome 
represents a possible route with some distance 
and congestion value. Number of nodes is fixed 
in the network along with a congestion factor 
associated with each node. The following is the 
proposed algorithm: 

i. Create a population of nodes presents in 
the network. 

ii. Mark the source node and destination 
node. 

iii.  Initialize the population in which each 
chromosome has its first gene as the 
source node and last gene as the 
destination node. 

iv. Evaluate the fitness of each 
chromosome in accordance with 
objective function. The objective 
function consists of distance between 
source node to destination node and a 
sum of congestion factors associated 
with each node. 

v. Perform Roulette Wheel selection on 
the set of chromosomes. 

vi. After selection perform crossover on the 
chromosomes so obtained. 

vii. Perform mutation. 
viii.  Evaluate the fitness values of each 

newly generated chromosome. 
ix. Now, check for stopping condition for 

the algorithm. It can be some predefined 
number of runs or may be something 
else. 

x. Optimum path with coordinates and 
congestion factor is displayed. 

Optimum path is one in which the distance 
between source node and destination node is 
minimum along with minimum congestion 
throughout the route. A route with large distance 
but minimum congestion may be selected as per 
the objective function. 

4. Implementation of Algorithm 

The proposed algorithm is coded in MATLAB 
with real encoding scheme used. The size of the 
chromosomes is variable. The value of 
congestion factor associated with each node lie 
between 0 and 1; 0 represents the congestion less 
link while 1 represents the totally congested link. 

4.1 Objective function 

Objective function is the key component for a 
GA. In our solution, it consists of two factors: 
distance between source-destination node and 
total congestion along the path. Objective 
function, by considering both factors, assigns a 
fitness value to each chromosome. 
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Equation (1) represents the formula for 
calculating the Total Distance (TD) from Source 
node (S) to End node (E). Equation (2) 
represents the Total Distortion Factor (TDF) 
consisting sum of Total Distance and Total 
Congestion along the path. 

The Objective Function is reciprocal of the TDF 
which is to be maximized. 
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5. Results 

The programming is done for network consisting 
of total 56 nodes (shown in figure below). For 
particular example, a population of size 10 is 
taken. 
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Fig. 1 A sample Network 

The source and destination nodes are taken as 
[0.0, 5.0, 0.1], [10.0, 2.0, 0.1] respectively. From 
this source node to destination node there may be 
number of paths exists. The proposed algorithm 
select the paths which optimize the network, 
based on distance between source and 
destination node along with minimum 
congestion on the path. For example, we have 
five possible optimized paths given by the 
algorithm:  

Path 1: S= [0.0, 5.0, 0.1], [1.0, 8.0, 0.97], [4.0, 
8.0, 0.76], [5.0, 7.0, 0.67], [6.0, 6.0, 0.98], [8.0, 
5.0, 0.97], E= [10.0, 2.0, 0.1]; 

Path 2: S= [0.0, 5.0, 0.1], [2.0, 7.0, 0.0], [4.0, 
4.0, 0.2], [6.0, 5.0, 0.1], [9.0, 3.0, 0.2], E= [10.0, 
2.0, 0.1]; 

Path 3: S= [0.0, 5.0, 0.1], [2.0, 5.0, 0.97], [4.0, 
6.0, 0.91], [6.0, 5.0, 0.1], [8.0, 3.0, 0.93], [9.0, 
2.0, 0.99], E= [10.0, 2.0, 0.1]; 

Path 4: S= [0.0, 5.0, 0.1], [1.0, 4.0, 0.99], [2.0, 
4.0, 0.99], [3.0, 3.0, 0.92], [5.0, 2.0, 0.96], [6.0, 
3.0, 0.97], [7.0, 3.0, 0.87], [8.0, 1.0, 0.64], E= 
[10.0, 2.0, 0.1]; 

Path 5: S= [0.0, 5.0, 0.1], [1.0, 1.0, 0.98], [3.0, 
1.0, 0.43], [5.0, 1.0, 0.88], [7.0, 0.0, 0.98], E= 
[10.0, 2.0, 0.1]; 

The values given by objective function, for these 
five paths are: 0.0415, 0.0663, 0.0502, 0.0384, 
0.0478 respectively. 

Comparison between different paths:  

0
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Fig. 2 Comparison 

5.1 Optimized Path 

In present example, the optimum path found by 
GA is S= [0.0, 5.0, 0.1], [2.0, 7.0, 0.0], [4.0, 4.0, 
0.2], [6.0, 4.0, 0.1], [9.0, 3.0, 0.2], E= [10.0, 2.0, 
0.1];  
The algorithm selects the nodes which optimize 
the distance along with congestion on the route. 
A route with shorter distance and higher 
congestion may be avoided while a route with 
higher distance and lesser congestion may be 
selected. 

 
Fig 3. Optimized Path 

When an optimal solution is attained, GA 
converges. There are many criterions to converge 
the GA. A fixed number of runs can be set as the 
stopping condition or GA can be converged 
when an average fitness of chromosomes is 
attained. 

6. Conclusions 

Genetic Algorithm is a search optimization tool 
which is used for vast search spaces. GA gives 
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us a set of solutions from available solutions. We 
have proposed this algorithm of GA for static 
conditions in the network. That is, congestion 
factor is treated as static for the problem at hand, 
but this algorithm can be programmed for 
dynamic environment. Other intelligent tools 
may also be used which helps in such an 
environment [5]. 

Genetic algorithm is usually suitable for large 
search space, therefore, we can take a network 
consisting of many hundred/thousands nodes [6]. 
Real encoding scheme is used to represent the 
chromosomes because our objective function 
produce results in real values. The proposed 
algorithm is simple enough to implement it in 
practice. Along with avoiding the long paths, it is 
also important to minimize the congestion in the 
path, because congestion restricts the data to 
flow through the path smoothly. 

7. Future Scope 

There are number of techniques available like 
ASO, PSO, we can test these techniques along 
with proposed GA to make it more robust. 
Various routing and genetic algorithm 
techniques have been studied. Also, techniques 
associated with optimization of network given by 
various researchers are analyzed. Researchers 
working under this domain can take this survey 
as a future reference.    
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