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A Genetic Algorithm for Dynamic Routing
and Its Performance Evaluation
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Recently, traffic control (routing) has become an important issue, because of the enlarge-
ment of the computer network scale and the increase of traffic information. For efficient
communication, it is necessary to avoid the congested traffic route and to select a route which
has a shorter delay time in order to disperse the load of communication circuits. The route
is not fixed beforehand, but is decided according to the change of the network environment.
In this paper, a new dynamic routing method using the genetic algorithm is proposed. The
network is modeled by a tree, and the individual genes express the connected nodes from
the root to the leaf. As a result, genetic operations become easy and an efficient routing
can be achieved. The simulation results show that the proposed method can find faster the
communication route compared with methods proposed so far.
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der to disperse the load of communication circuits.
The toute is not fixed beforehand, but is decided

1 Introduction

In the recent years, routing has become an im-
portant issue, because of the enlargement of the
computer network scale and the increase of traffic
information. For efficient communication, it is nec-
essary to avoid the congested traffic route and to
select a route which has a shorter delay time in or-

according to the change of the network environ-
ment. k

So far, some routing methods such as Shortest
Path First (SPF) and Route Information Protocol
(RIP) have been proposed. The drawback of these



methods is that when the network scale become
large, the volume of communication becomes large,
so the network performance decreases very much.
To cope with this problem, the intelligent routing
algorithms can prove to be very efficient [1].

Genetic Algorithm (GA) is a good approach for
dynamic routing. GA is based on the interaction
between individuals and the natural environment
[2]. GA generates a sequence of populations by
using genetic operations — crossover and mutation
- among individuals. As a result, only individuals
that fit the natural environment can survive and
leave offsprings. The routes in a network can be
expressed by individuals. Based on the repeating
of genetic operations, it is possible to find the best
route which fits the network environment, so an
efficient communication can be achieved.

Two source routing methods which use GA have
been proposed [1],[3]. In {1], the adaptive routing
mechanism has a load balancing system among al-

ternative paths. This routing mechanism is called

Load Balancing Routing (LBR). In [3], the effec-
tiveness of adaptive source routing method- using
GA is shown. In these methods, GA individual
genes are used to express the connected nodes
which through communication routes. However,
the problem of these methods is that the genetic
operations are very complicated.

In order to solve the problems of the: above— N

mentioned methods, we propose a new routing
method which is called GADR (Genetic Algorithm
for Dynamic Rnutmg) In the GADR method, first
the network is modeled by a tree. Then the indi-
vidual genes express the connected nodes from the
root to the leaf. The simulations are carried out
for two network types. The network model 1 has
8 nodes and the network model 2 has 20 nodes.

The organization of this paper is as follows. The -

network models will be introduced in Section 2. In
Section 3, the routing algorithm will be presented.
Simulation results are discussed in Section 4. The
conclusions are given in Section 5.

2 Network Modél

When GAs are used for dynamic routing, the
routes of the network are expressed by individuals.
_But this results in poor efficiency of the genetic
operation. In order to improve genetic operations,
in the GADR method, the network is transformed
into a tree model.

The network model 1 is shown in Fig.1l. The
node A is the source node and the node H is the

Figu:e 2: Tree ﬁé&el 1 of network model 1.

destination node. All communication routes are
expressed by the tree model shown in Fig.2. In
the shaded areas is shown the same communication
part from node C to H. To decrease the number of
genes in a chromosoime, the tree rodel of Fig.2 is
changed as shown in Fig.3. By using the tree model
2, each tree junction is considered as a gene and
the communication route is a chain of the genes
which is called chromosome.

‘The network model 2 with 20 nodes is shown in
Fig.4. By using, the same method as in the case
of the network model 1, the tree model 2 of the
network model 2 is constructed as shown in Fig.5.

By using the tree model, only one communi-
cation route can be built by each chromosome.
Therefore, it is easy to apply crossover and mu-
tation operations..
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Figure 3 Tree model 2 of network model 1.



Figure 4: Network model 2.

3 Routing Algorithm

In this section, the GADR algorithm is ex-
plained. - It includes source routing, gene codmg
and genetic operations.

3.1 Source Routing

The GADR method is based on the source rout-
ing mechanism. In the source routing mechanism,
a complete route from the source node to destina-
tion node is decided from the source node. A trans-
mitting node knows the communication routes.
Therefore, if the data is large in quantity, it is
possible to divide the flow data by using different
paths. Furthermore, it is also possible to select
.a route efficiently because the source node knows
the complete information about the network, How-
ever, if the network scale is very large, the number
of routes arriving in a moment of time can become
large. Therefore, is very difficult for the network
to handle this large amount of data information.

3.2 Gene Coding

Gene coding is very important to achieve effi-
cient genetic operations. Genes decide the charac-
teristics of chromosomes. Chromosomes together
construct an individual, whose characteristics de-
pend on the chromosomes The pattern of gene
combinations is called the “genotype”. Further-
more, the individual formed by the interaction of
genotypes is called “phenotype”. In the methods
proposed .up to now, the genotype and phenotype
were the same. Genes are'put in chromosomes in
the same order the nodes form thé communication
route. In this case, if genetic operations are cho-
sen randomly, thé new offsprings of a population
may be unsuitable individual populations. As a
result, a communication route between two adja-
cent nodes does not exist and complicated genetic

,Figufe 5: Tree model 2 of network'model 2.

operations should be carried out in order ’tor find
a new communication route. Also, the individuals
of a population have different sizes, ‘therefore the

' crossover operation is very difficult.’

In this paper, in order to sxmphfy the genetic
operations the network is expressed by a tree net-
work. The genes are expressed by the nodes of
a communication route. A phenotype pattern is
expressed uniquely by a genotype. Each gene in-
cludes information. of the adjacent nodes. The
genotype gives information about a communica-
tion route. The length of the chromosome is con-
stant. Therefore, the crossover operation becomes
very easy. In previous methods, the interaction be-
tween the adjacent genesin a chromosome was riec-
essary. On the other hand, in the GADR method
this interaction is not necessary. So, the mutation

.operation becomes easy. The GADR method gives

various individuals. Therefore, the GADR evolu-
tion becomes faster. , :

In Fig.6 there are shown two chromosome exam-
ples for the route “A-B-D-E-C-F-G-H”: (a) shows
the chromosome model of the LBR method and
(b) shows the chromosome model of the GADR
method.
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(a) Chromosome model of the LBR method.
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(b) Chromosome model of the GADR method.

Figure 6: Chromosome examples for the route “A-
B-D-E-C-F-G-H”.

3.3 Genetic Operations

The GADR method uses the following genetic
operations: selection, crossover and mutation.

In the selection method, the ranking model and
elitist model are used together. In the ranking
model, each individual is ranked by their fitness.
The rank is decided based on the fitness and the
probability is decided based on the rank. When
the rank is high, the individual probability is high.
Because fitness is used as a measure for ranking,
the difference between high rank individual prob-
abilities and low rank individual probabilities is
bigger. Therefore, the individuals in the ranking
model are evolved faster than other models. The
ranking model is used when the individual selec-
tion probability is decided. In the elitist model,
the individual which has the highest fitness value
in a population is left intact in the next genera-
tion. Therefore, the best value is always kept and
the routing algorithm can converge very fast to the
desired delay time. The elitist model is used after
the mutation.

In the crossover method single point crossover is
used. The crossover point is selected in the same
locus of two selected individuals. The mutation
is carried out only in the genes which have nodes
in the communication route (see loci 0,1,4,7,8 in
Fig.6(b)). L

The individual fitness is based on the communi-
cation route delay time. If the delay time is lower,
the individual fitness is higher.

4 Simulation
4.1 Simulation Method

For the simulation, two types of networks with
8 nodes shown in Fig.1 and 20 nodes shown in

Table 1: Simulation parameters.

population size 5, 10, 20, 30
crossover rate(%) | 70, 80, 90, 100
mutation rate(%) | 1, 5, 10, 20

Fig.4 are used. Two assumptions have been consid-
ered. The delay time is set at each link and a sud-
den congestion situation is assumed in the route
which is currently used. Then, the GADR algo-
rithm searches for a new communication route in
order to avoid the congested link. The genetic op-
erations are repeated until the best route is found
or the initialized generation size is achieved. Then,
the delay time versus simulation step for LBR and
GADR methods are depicted. To compare both
methods, the first population is selected the same.
The parameters used in the simulations are shown
in Table 1.

4.2 Simulation Results
Network model 1

Network model 1 is shown Fig.1. The GADR
and LBR methods are compared for different pop-

ulation sizes as shown in Table 2 and for different

crossover rates as shown in Table 3.

If the algorithm has to search all network routes
to find the best route, the rate of searching time
for each individual is 100% (i.e. each alternative
route is investigated). In Table 2 and Table 3,
the rate A(%) shows the case when both meth-
ods find the best route. Otherwise, the rate B(%)
shows the case when the initialized generation size
is achieved, but the algorithms don’t find the best
route. From the results of Table 2 and Table 3, we
conclude that the GADR method can find the best
route faster than the LBR method. As population
size increases, the rates A and B decrease. The
smaller the rate value, the better the algorithm
performance is. - »

Fig.7 shows the characteristics of delay time ver-

Table 2: Different population size performance.

population rate A(%) tate B(%)
size GADR | LBR | GADR | LBR
5 10.0 - 11.7 4 14
7 5.3 6.1 0 4
10 2.9 34 0 0 -




Table 3: Different crossover rate performance.

crossover rate A(%) rate B(%)
rate GADR | LBR | GADR | LBR
60% 2.9 3.4 0 0
70% 3.1 3.9 0 0
80% 3.1 4.0 Q 2
90% 3.4 3.9 0 -2
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Figure 7: Comparison of the GADR and LBR
method.

sus the simulation step for the GADR and LBR
methods. The simulation step consists of three
parts: step I is the communication state, step II is
the congestion state and step III is the algorithm
operation state. Step III (generation size) shows
how many genetic operations are needed in order
to find the best route.

The GADR method can find the best route
faster than the LBR method. This means, the
GADR method performance is better than the
LBR method.

Network model 2

Network model 2 is shown Fig.4. The GADR
and LBR methods are compared for different pop-
ulation sizes, crossover rates and mutation rates as
shown in Table 4. The population size is 10 and
20. The mutation rate changes from 1% to 20%
and the crossover rate changes from 70% to 100%.
The values inside the table show the rate. when
both methods find the best route. The GADR
method can find the best route faster than the LBR
method. '

Fig.8 shows the characteristics of delay time ver-
sus simulation step for the GADR and LBR meth-
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Figure 8: The comparison by the number of simu-
lation step.

ods. The GADR method performance is better
than the LBR method.

When the population size is 5 the rate A in-
creases. This means, the number of genetic oper-
ations to find the best route increases. When the
population size is 10 the result is improved, and
when the population size is 20 the result improves
much more. However, when the population size
is 30, the time to do a genetic operation increases

- very much, so both methods can not do an effi-

cient search. We conclude that, the best popula-
tion size is 20. The change of crossover rate doesn’t
have much affect on the results of algorithms. If
the mutation rate is small, the created population
types are limited. Otherwise, if the mutation rate
is big, the delay time doesn’t decrease. Therefore,
the methods need time to find the best route. We
conclude that 10% to 20% is the best mutation
rate.

4.3 Performance of Algorithms and
Complexity of Genetic Opera-
tions ,

From Table 2, 3 and 4, we can see that the
performance of the GADR method is better than
the LBR method. In the case of network model 1
with 8 nodes, the difference in the rates between
the two methods is small, but in the case of net-
work model 2 with 20 nodes, the difference in the
rates is bigger. As the size of the network gets
larger, the difference in the rates becomes bigger,



Table 4: Rate A(%) of the GADR and LBR methods.

population size 10 : .
mutation | crossover rate 70% | crossover rate 80% | crossover rate 90% | crossover rate 100%
rate GADR LBR GADR LBR | GADR LBR GADR LBR
1% 49.5 52.0 46.2 54.2 49.5 56.4 446 47.6
5% 36.3 44.0 40.9 43.6 40.8 46.6 39.3 41.1
10% 27.7 37.1 31.7 41.1 30.9 33.9 31.5 - 39.1
20% 30.5 35.9 27.3 33.9 19.9 32.9 20.4 28.1
populatlon size 20
mutation | .crossover rate 70% ] crossover rate 80% Crossover tate 90% crossover rate 100%
rate GADR LBR GADR LBR GADR LBR GADR LBR
1% 174 21.1 14.9 21.3 18.6 21.3 174 20.9
5% 13.2 16.8 16.6 23.7 .14.7 18.7. 17.8 18.4
10% 16.9 18.7 - 16.1 20.9 17.9 26.7 156 25.7
20% 12.9 15.9 13.4 21.2 12.6 22.3 15.9 26.7

so the GADR method performance becomes much
better than the LBR method. This means, the
GADR method avoids the congested link faster
than the LBR method, because the search number
for finding the best route-is smaller compared with
the LBR method. Therefore, the GADR method
can adapt to the network changing environment
rapidly.

. The LBR genetic operations are more complex
than the GADR genetic operations. ~ The time
for generating a new population with the GADR
method is about 6 times faster than with the LBR
method. The LBR method complexity of genetic
operations is because new 1nd1v1dua.ls populatlons
(routes) may not exist.

The individuals of the LBR method are created
partially, so always the individuals will be gener-
ated in the same part of the network. On the other
hand, the GADR method can create various indi-
viduals (routes); so the GADR method can get the
best route faster than the LBR method.

5 Conclusion

" In this paper, we proposed a new method for dy-
namic routing based on’ genetic algorithm, which is
called the GADR method. In the GADR ‘method,
the network is expressed by tree models so genetic
operations become simple. The performance of the
GADR method was investigated by simulations.
From the simulation results, we conclude:

e The GADR method has an efficient search,
therefore the time to find the best route is
shorter compared with the LBR method.

o As population size increases, the rates A and
B decrease. The smaller the rate value, the
‘better the algorithm performance is.

® As the size of the network increases, the
GADR method performance becomes much
better than the LBR method.

o The LBR genetic operations are more complex
than the GADR genetic operations.

In the future, we would like to extend the study
when: the network has more than one congestion
state. :
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