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Abstract— Routing in dynamic networks is a challenging issue 
since there are concerns about real-time constraints, dynamic 
design and etc. This paper describes a genetic-algorithm (GA) 
based on deployment of dynamic routing algorithm. The 
algorithm is designed for real-time online deployment 
environment. The paper presents the details on the algorithm and 
the implementation, including the major components in our 
design: crossover, mutation, and the fitness function. Our 
optimized genetic algorithm approach finds a set of optimal 
routes. After that, two best chosen paths are decided by an 
obtained probability to have the packets transmitted in order to 
have a suitable load balancing in our network. On the other 
hand, simulating of dynamic networks to have a proper real 
network is another concerning issue. As a case study, we 
demonstrate a comprehensive performance evaluation of the link 
state routing protocol, using a model we implemented for 
OMNET discrete event simulation environment. The results (e.g. 
a path with delay) were given as the input to the genetic 
algorithm that led to quicker simulation followed by reaching the 
results even faster. 
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I.  INTRODUCTION  
Routing protocol is a set of processes, algorithms, and 

messages that are used to exchange routing information and 
populate the routing table with the routing protocol’s choice of 
best paths [1]. One of the most important things which is 
considered crucial in routing is how to find the best path to 
swap information. To find best path many parameters such as 
time, delay, power, etc should be deliberated. Two classes of 
routing protocols are used in the current Internet: distance-
vector and link-state. Link-state routing is considered to have 
more advanced features than distance-vector protocols in 
many fields [2]. The main advantage of link state routing is 
that it converges faster to correct routing information. 
However, it is not more robust than distance vector routing 
(things can go quite wrong when routing updates get lost), and 
it is not necessarily more scalable because even though routing 
update messages are smaller, they need to be flooded over the 
whole network and nodes need to locally build a complete 
picture of the whole network [3]. In this article we are only 
concerned about link-state routing protocols. 

Besides, in computer networking, load balancing is a 
technique to distribute workload evenly across two or more 
computers, network links, CPUs, hard drives, or other 
resources, in order to get optimal resource utilization, 
maximize throughput, minimize response time and avoid 
overload [4, 10]. 

Moreover, simulation techniques allow analyzing the 
behavior of networking protocols even at a large scale-
depending on the available computing power for running the 
simulation experiments. Discrete event simulation is normally 
employed for analyzing networking protocols. There are a 
huge number of simulation tools available. In this case study, 
we focus on OMNET. Discrete event simulators like OMNET 
[5] are standard tools to study protocols for wired and wireless 
networks. OMNET is a public-source and open-architecture 
simulation environment with GUI support and an embeddable 
simulation kernel. Its primary application area is the 
simulation of communication networks. Linking and joining 
two or many simulators to each other is a crucial issue less 
focused on.  Today many simulators are capable of linking 
another simulator. It is clear that each simulator is made to 
simulate certain problems. However, in complicated cases, the 
heavy job load is distributed on few separate simulators. In the 
current case, the OMNET is used to simulate a real network 
including real parameters while MATLAB is used to 
implement Genetic Algorithm to find the best paths. We found 
it best to link the two simulators. We have reached the proper 
result by our optimized GA approach. Linking both simulators 
increased the speed-up of simulation which helps us to get the 
results in a shorter period of time. This approach focuses 
attention on load balancing, robustness, scalability and 
dynamic direct or indirect communication among agents.  
In Section II, GA is discussed. Section III describes subject of 
routing. Section IV covers our approach clarification. In 
section V, experimental results for verification and simulation 
of models are illustrated and finally conclusion is presented in 
Section VI. 

II. GENETIC ALGORITHM 
The publication of Darwin's The Origin of Species on the 
Basis of Natural Selection was a turning point in the history of 
science. It turns out that what's good for nature is also good 
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for artificial systems. Figure 1 shows the GA, which starts 
with a set of one or more individuals and applies selection and 
reproduction operators to "evolve" an individual that is 
successful, as measured by fitness function [6, 11-12]. 
 

 
Figure1. Genetic Algorithm [6]. 

 
 
GA is one of the programming techniques that portrays the 
biological evolution as a problem solving technique. GA 
works on the search area called population [7, 13]. Each 
element in the population is called as chromosome. Each 
chromosome is a solution. Quality of solution is defined by 
fitness of which chromosome is evaluated for. GA uses 
adaptive heuristic search techniques which find a set of best 
solution from the population. Operations like selection, 
crossover and mutation are used to generate new 
chromosomes. Most suitable chromosomes are selected for 
next generation. This process is repeated until the 
chromosomes reach the best fit result to the given problem. 

III. ROUTING 
In order to transfer packets from a sender to a destination, the 
network layer must determine the path [8]. Routing (or 
routeing) is the process of selecting paths in a network through 
which network traffic is sent. A global routing algorithm 
computes the least cost path between a source and a 
destination. That is, the algorithm takes the connectivity 
between all nodes and all links costs as inputs. Two routing 
algorithms are discussed here. A distance-vector routing 
protocol is one of the two major classes of routing protocols, 
the other major class being the link-state protocol. A distance-
vector routing protocol uses the Bellman-Ford algorithm to 
calculate paths. A distance-vector routing protocol requires a 
router to inform its neighbours of topology changes 
periodically; in some cases, when a change is detected in the 
topology of a network. 
On the other hand, the link-state protocol is performed by 
every switching node in the network (i.e. nodes that are 
prepared to forward packets; in the Internet, these are called 
routers). The basic concept of link-state routing is that every 
node constructs a map of the connectivity to the network, in 
the form of a graph, showing which nodes are connected to 
what other nodes. Each node then independently calculates the 
next best logical path from itself to every possible destination 

in the network. The collection of best paths will then form the 
node's routing table. 

IV. THE PROPOSED APPROACH 
In our approach we use both OMNET and MATLAB to reach 
our goals. We have initially used OMNET in order to 
implement and simulate a network which includes actual 
delay, etc. Then, the simulation results of OMNET are entered 
to MATLAB as input of GA. We explain our approach in both 
subjects in the following sections that is section A includes our 
network architecture and section B contains GA 
implementation by using MATLAB get the best results. 
Finally, in section C we discuss how to choose between two 
optimized paths to transmit packets through them. 

A. Our Network Architecture 
Define abbreviations and acronyms the first time they are 

used in the text, even after they have been defined in the 
abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, 
and rms do not have to be defined. Do not use abbreviations in 
the title or heads unless they are unavoidable. 

OMNET is a network simulator to model various aspects of a 
network. We have used OMNET to implement our arbitrary 
network's belongings. Figure 2 shows our designed network 
that contains 9 routers as nodes and 9 links. 
 
 

 

 
 

Each link includes actual delay which is evaluated by the 
following formula: 
 

adelay T
D

= ×  
 

(1) 
 

in which 'a' is a variable that illustrates the distance between 
two nodes, 'D' is a constant for balancing formula to get a 
suitable  delay and 'T' is a constant to generate simulating 
time. Note that the delay in Figure 2 is calculated for each link 
by some experimental parameters and formula 1. 
Each router first, sends "Hello" messages and sets its timer 
through its connected links and waits to receive "Ack" from its 
neighbors. Note that sending time of each packet is transferred 

Figure 1. Genetic Algorithm [6] 
 
 
 
 

Figure 2. A designed network  
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by packet itself. When "Ack" is received, delay is calculated.  
Then it updates its routing table. The implementation of these 
operations is briefly shown in the following: 

 
If ( msg ="Hello") then  
send(ack, ArrivalGate); 
else if ( msg="Ack" ) then  

for( i ←0 ; i<=gsr ,i←i + 1) 
      begin 

if(i = index of ArrivalGate) then 
delay[idx][sender] ← current time  -            
sendingtime 

            end if 
     end for 
end if 
 

The above mentioned code, "delay[idx][sender]", points out the 
delay between two nodes in which "idx" reveals router's ID. 
Eventually, when the simulation is finished, the output result 
file is created and this file contains the whole information 
about routing table of each node. We have used the file as 
input of MATLAB. 

 

B. Our GA approach 
In this section we come across the optimal paths using GA. The 
input to this module is the file generated by OMNeT simulator. 
Each path is called a chromosome. The following statements 
describe our approach for each set of chromosomes: 

• Calculate the fitness function of each chromosome. The 
following equation is MATLAB implementation of 
fitness function: 

 
Fitness (i) = hopcount (i)*10 - Delay (i) - E (2) 

 
Where; "hopcount" defines the number of  
intermediate nodes visited along the path from source 
to destination 'i'; 'E' is the constant number which 
depends on population size and number of iterations. 

 
• Select the best two chromosomes as parents (Elitist 

selection). In this selection the most fit chromosomes 
are guaranteed to be selected for the next generation. 

 
• Accomplish crossover with probability 0.66. We 

have applied a number of the advanced multipoint 
crossover techniques. Some of these techniques are 
Partially Mapped Crossover (PMX), Cycle crossover 
(CX) and Order crossover (OX) [7]. 

 
• Perform mutation with probability 0.01 (Insertion). 

Mutation operation can be inversion, insertion, 
reciprocal exchange or others [9]. In case of inversion 
two random points are selected and the string between 
them is reversed. 

 
• Put children in the population and wipe out the worst 

chromosomes. 
 

• If termination condition is not attained, the steps one 
to six are repeated. Otherwise store the path and send 
data to the destination along the paths. 

 

C. Choosing path from optimized solutions  
When we reach our two best results, we first calculate formula 
3 to find the percentage of packets which should be 
transmitted in each path.  

( ) 1 AP C
B

= −   
 

(3) 
 

 
The "P(C)" is a fraction of packets which should be 
transmitted through the path C. 'A' is the number of hops of the 
path C and 'B' is the sum of the hops of the two paths. This 
probability shows that what percent of packets are transmitted 
through path1 and path2. 
  

V. EXPRIEMENTAL RESULT 
To find the result we primarily design a sample network which 
includes parameters more close to reality. We ignore a number 
of parameters with minimum errors to reach the desired result.  
The topology of our network design is shown in Figure 2. 
Current work is tested on a network consisting of 9 nodes and 
9 links. Initially 20 random chromosomes are generated.  10 
results are selected for the next generation. Crossover and 
mutation functions are applied to produce next generation 
chromosomes. At each generation the chromosomes are 
validated and best fit chromosomes are sent to next 
generation. We found that the fitness function value increases 
at each generation. After the path to all nodes from source 
node 0 is computed, the set of paths to a specific node is 
displayed. Assume the destination node is node 8. Table 1 shows 
the set of paths from node 0 to node 8. 
 
 

Table 1: Two best paths from GA results. 

 
 
When these two paths are chosen, the final operation is 
applied. According to 4.3, for path 1,     P (1) = 0.6 and for 
path 2, P(2) = 0.4. Corresponding to these probability 60 
percent of packets routed from path 0 to 8 are transmitted 
through path 1 and 40 percents are transmitted through path 2. 
 

VI. CONCLUSION 
In this paper, we have tried to focus mainly on dynamic 
networks. Real time constraints and dynamic design are 
considered crucial here. GA has been optimized noticeably 
and has obtained outstanding results. The proper results are 
finally used to perform effectively in networks with heavy 

num Path hop delay 
1 0 2 4 8   4 4 
2 0 2 3 5 4 8   6 7 



traffic that leads us to achieve a desired load balancing. On the 
other hand, in our simulation, delay which is an important 
constraint is quite closer to reality. Besides, the speed-up of 
our simulating and reaching results was improved. 

 

REFERENCES 
 

[1] S. Tannenbaum, “Computer Networks,” by Prentice Hall PTR, 4th ed., 
2002. 

[2] HUITEMA, “Routing in the Internet”, Prentice-Hall, Inc, 1995. 
[3] F. Ducatelle, “Adaptive Routing in Ad Hoc Wireless Multi-hop 

Networks”, Dissertation submitted in partial fulfilment of the 
requirements for the Degree of Doctor of Philosophy, Lugano, 
Switzerland, 2007. 

[4] M. Syme, P. Goldie, “Optimizing Network Performance with Content 
Switching: Server, Firewall and Cache Load Balancing”, Prentice Hall 
PTR, 2002. 

[5] A. Varga, “OMNeT++ Discrete Event Simulation System”, Available: 
http://www.OMNeT pp.org. 

[6] S. Russell, P. Norvig, “Artificial Intelligence a Modern Approach”, 
Prentice Hall, Englewood Cliffs, New Jersey, 2nd ed., 2002. 

[7] D. Goldberg, “Genetic Algorithms in search, optimization and machine 
learning”, Pearson Education, 1989. 

[8] J. Kurose, K.Ross, “Computer Networking a Top-Down Approach 
Featuring the Internet”, 4th ed, 2000. 

[9] A. Araújo, C. Garrozi, A. Gouvêa, “Multicast Routing Using Genetic 
Algorithm Seen as a Permutation Problem”, Proceedings of the 20th 
International Conference on Advanced Information Networking and 
Applications (AINA’06), 2006. 

[10] M. Hadi Valipour, Bavar Amirzafari, Kh. Niki Maleki, Majed 
ValadBeigi, and Negin Daneshpour, Concepts of Service Orientation in 
Software Engineering: A Brief Survey, MASAUM Journal Of Reviews 
and Surveys, Vol. 1, No. 3, pp 224-250, Nov.2009. 

[11] Kh. Niki Maleki, M. Hadi Valipour, R. Yeylaghi Ashrafi, S. Mokari, M. 
ValadBeigi, M.R.Jamali, Scorpius Team Description Paper, Soccer 
Simulation 3D league, Graz 2009, as a part of qualification materials, 
Proc. RoboCup 2009, Graz, Austria, 2009. 

[12] Kh. Niki Maleki, M. Hadi Valipour, R. Yeylaghi Ashrafi, Sadegh 
Mokari, M. ValadBeigi, M. Akbar, M. Javanmard, F. Mansourzadeh, S. 
Hajazim, and M. R. Jamalii, Scorpius Team Description Paper, Soccer 
Simulation 3D league, Singapore 2010, as a part of qualification 
materials, Proc. RoboCup2010, Singapore, 2010.  

[13] M. R. Jamali, M. ValadBeigi, M. Dehyadegari, Z. Navabi and C. Lucas, 
Toward Embedded Emotionally Intelligent System, 5th IEEE EAST-
WEST DESIGN and TEST INTERNATIONAL SYMPOSIUM, pp. 51-
56, 7-10, Sep.2007 
 

 

http://en.wikipedia.org/w/index.php?title=Matthew_Syme&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Philip_Goldie&action=edit&redlink=1
http://www.omnetpp.org/

	I.  Introduction
	II. Genetic Algorithm
	III. Routing
	IV. The Proposed Approach
	A. Our Network Architecture
	B. Our GA approach
	C. Choosing path from optimized solutions

	V. Expriemental result
	VI. Conclusion
	References


