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Abstract

This paper presented fuzzy system to solve the routing problem. The proposed method is used two
different metrics; link delay and congestion level to make routing decision and to manage congestion
control. The fuzzy system is decides the selection level of neighbor node. So, the selection level of each
neighbor node can be determined. The routing system selects best neighbor node, that has less value of
link delay and congestion level from source to till destination. In this paper a performance improvement of
fuzzy system is presented by adding a congestion level to together with link delay. These two input will be
considered in route selection decision using fuzzy logic.
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1- Introduction

Knowledge based systems such as fuzzy
systems have been proven efficiency in various
applications  especially when dealing with
impression and non statistical uncertainty such as
decision making support and intelligent control, the
fuzzy system is often typified by an inference
system that executes the fuzzy reasoning rules in
the system, input membership functions that are
used for fuzzification of the input variables, and
defuzzification to get the crisp outputs [1,2].

Fuzzy logic can be used efficiently as a
solution technique for routing problem in computer
networks, to improve the performance [3]. Routing
is one of the major components of network control
techniques that determine the overall network
performance in terms of quality and quantity of the
delivered service [4]. Fuzzy logic has been applied
to routing in communication networks. The fuzzy
system can be integrated into a complete routing
system to define fuzzy cost to send a packet on
each link of the path to the destination node based
on different metrics [3,5,6]. This paper proposed a
fuzzy system to manage congestion control with
solving routing problem.

2. Routing Algorithm

Routing algorithms are methods for finding
the best way from a node source to another node
destination [3]. The routing algorithm represents
the heart of the routing protocol, it is a method or a
formula that is stored in the router's memory to
compute the path that would best serve to transport
the data from the source to the destination, acting
as the traffic officer of the router by making
decisions for the router concerning the best paths
for data [1,7].

3. Congestion

Congestion is defined as a state in which
network performance is degraded in some way
because of an excessive number of packets in
transit within the network, a greater delay
encountered by packets in traversing the network.
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Congestion may local, confined to limited region
of a network, or more seriously , it may be general
throughput a network[3,8]. It is important of
routing algorithms not only to get high aggregated
bandwidth of flow assignment, but also to
minimize network congestion to avoid excessive
delay. The problem of optimal path from source to
destination is minimizing the increase in the total
network congestion , that may be affected on links
of the selected route. The goal of any routing and
congestion control mechanism is to avoid such
congested network areas[3].

4. Fuzzy system

A fuzzy system is a system that uses a
collection of fuzzy membership functions and rules
[3]. A fuzzy system basically consists of four
components: a knowledge base, an inference
engine (or decision making unit), fuzzifier and
defuzzifier units[8]. Figure(1) shows the diagram
of afuzzy system.

Figure (1) the diagram of a fuzzy system

4.1 Fuzzy Inference

The input-output mapping of the fuzzy
control model is performed through the fuzzy
inference system assigned with a rule base. The
main components of a fuzzy inference engine are
[10];

1. Input variables with its membership functions
2. Fuzzy rule base with linguistic rule curves
3. Output variables with its membership functions
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There are three main steps involved in FIS;
1. Fuzzification
2. Inferencing
3. Defuzzification

Fuzzification involves assignment of the
membership function to the input value and
calculating the degree of membership of that
element to the fuzzy set. As already mentioned, the
two most popular methods of inferencing are the
Mamdani and Sugeno type of inference systems
[10].In this study a Mamdani type is used.

In Mamdani type each rule takes the form

[1]:

R If X1 is A¥ and ....and x, is A, theny
isB* ... (1)
where AX | BX is the antecedent linguistic term
associated to each input variable x; from n input
variables, output variable y . Usually the output is
computed by the max-min inference, which
establishes that the activation degree of each rule is
computed by applying the min operator to the
antecedents, and the operator max to aggregate the
outputs to get the final output value[2].

4.2 Fuzzy Rule Base

This is the heart of fuzzy inference engine.
This performs the actual mapping or inferencing
between the input and output fuzzy sets. The fuzzy
rule base is a collection of rule curves represented
in the form of linguistic variables. A rule is
represented in the form of an If-Then statement.
The rule contains the fuzzy input set in the
antecedent and fuzzy output set in the consequent.
A general rule is in the form of

IfAisxThenBisy

In the above rule, ‘x’ is a fuzzy set of the input
variable A and ‘y’ is the fuzzy set of the output
variable B. Aggregation operators such as
AND/OR are used when there exists more than one
input or output variable.[10]

4.3 Defuzzification

The output set after undergoing implication
and composition is in the form of a fuzzy set. It has
to undergo the defuzzification process to output a
crisp output value. There are many methods for
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defuzzification few of which are Center of Area
method, Mean of Maxima method, Largest of
Maximum method etc. The defuzzification method
used in this study is the centre of area method or
popularly known as the centroid method. The final
crisp output value is calculated by determining the
center of area of the output fuzzy set[10].

Crisp value = ZCi A /Z A
=) =)

Where n is the number of activation rules, ¢; is the
center of membership function, A; is area of
activation part of membership function[3].

5. The Proposed Method of Routing
Using Fuzzy Logic

The proposed approach based on fuzzy
system is used to solve the routing problem. The
routing decision based on the produced routes
fuzzy from two fuzzy input parameters:

1- Link delay(sec)):

The link delay refers to the length of time required
to move a packet from source to neighbor nodes.
The link delay metric used for selecting route,
since less value of link delay represent a best link.

2— Level of congestion:

Level of congestion is the number of packets
traveling on the link in the computer network. The
level of congestion is determined through
knowledge received from other nodes. Level of
congestion is also information that is reported by
other nodes, with values based on the average
amount of traffic traveling through the computer
network.

In the proposed method, the fuzzy system is
located at each node of the computer network in
Figure(2) to make a local routing decision. In the
proposed fuzzy system has two input variables,
they are link delay and congestion level of
neighbor node and one output variable is the
neighbor selection level. In this way both
minimum link delay and minimum congestion
level, providing an optimized network response.
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The computer network which is considered in this
work is illustrated in Figure(2). The linguistic
values with triangular membership functions of
these variables are:

- (Low, Medium, High) of link delay.

- (Short, Medium, Long) of congestion
level.
- (Good, Medium, Bad) of neighbor
selection level .
While the fuzzy rule base is illustrated in Table 1.

| o .:\
|

Figure(2) Computer network of 14 nodes

Table(1) the rules base of the fuzzy system

congestion level
Short Medium Long Output
Low Good Good Medium neighbor selection level
Link delay Medium Good Medium Bad neighbor selection level
High Medium Bad Bad neighbor selection level

6. Simulation Results

To evaluated the efficiency of the proposed
method that used in this study, it has been applied
to the example of computer network in the
Figure(2) The implementation has realized in
Matlab. The proposed fuzzy system have two
linguistic input variable, one linguistic output and
number of rules( nine rules). The rules base of the
fuzzy system is Mamdani type. The center of area
method is used at the defuzzification of the system.
The value of membership function of inputs/output
which are show in Figure(3) and relation between
inputs and output is show in Figure(4). For
example, in computer network, if node 1 has
packet to send to node 13, the fuzzy system at node
1 selects best neighbor node that has less value link
delay with less value of the congestion level, that
one of neighbor nodes(2,3,4) to node 1.The fuzzy
system decides selection level of this neighbor
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node. So, the selection level of each neighbor node
can be determined. Some of the results of the fuzzy
system for computer network in Figure (2) is listed
in Tables(2).
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Figure (3) Membership function of fuzzy system: (a): Link delay.(b):congestion level, (c):neighbor selection level.
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Figure (4) relation of fuzzy system

Table (2) some of the result of the fuzzy system for the computer network

Input variables Output variable
Link delay Congestion level Neighbor selection level
24 0.5 13.5991
4 0 9.842
12.4 5 27.2012
3.6 8.6 18.5854
0.25 7.2 10.7492
16.2 4.7 27.4681
25 10 30.9638
32 13.5 36.6079
37 16 49.9815

7. Conclusion

The proposed fuzzy system consider two

input

variable the link delay and congestion level to
make routing decision. The results is obtained in
this paper is good results (neighbor selection level)
because we used two metrics (link delay and
Congestion level)this way help us to avoid a
congested network areas. When information
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increases about the computer networks such as
through put (data rate) of links, and the numbers of
hops adding with above metric, a best decision we
can obtain.
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