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Abstract: The Internet and most current intranet networks are experiencing a huge 

increase in the volume of traffic. This affects directly the network congestion 
by saturating the buffers at the routers and contributes to generaring lots of 

data losses as weil as reception and transmission delays. The existing TCP 

end-to-end congestion control uses Additive Increase Multiplicative Decrease 

(AIMD) approach, a time out and slow start behavior, which lead to data 

throughput with abrupt changes. Therefore, developing new congestion control 

strategies based on non-analytical approaches will certainly help to overcome 

the current difficulties of the internet in particular which are due to network 

structural complexity, diversity of services supported, and to variety of 

parameters involved. This work presents a fuzzy logic-based approach for 

controlling the network congestion. Its main objective is to optimize the 

available bandwidth and keep smooth the data throughput transfer profile. 
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1. INTRODUCTION 
The Internet is currently experiencing a huge increase in the volume of 

data transfer, which in most of the time exceeds the available network 
resources [1],[2],[3],[4],[5],[6]. This is also the trend for wide area networks 
(WANs). This is mainly due to different applications that run concurrently 
and require high rate of data transfer [3],[4],[5],[6],[7]. The TCP protocol, 
which is the most popular protocol used for data exchange through the 
Internet, controls the congestion using the measured packet loss rate. lt uses 
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what is known as the Additive Increase Multiplicative Decrease (AIMD) 
approach. lt consists of reducing the transmission rate by a factor of two 
whenever a packet loss is signaled and increases the transfer rate when no 
loss is declared [9],[10],[11],[12]. This congestion control approach does not 
seem amenable to provide promising solution for scalable multicast 
congestion control. In addition to this and based on many published papers, 
this control approach has a data transfer profile which is characterized by 
many abrupt changes. These changes in the sending rate have been a key 
impediment to the deployment of this approach to end-to-end congestion 
control by ernerging new Internet applications such as streaming 
multimedia. An alternative approach known as equation-based congestion 
control has been proposed to provide smooth congestion of the control 
profile [3]. On the other hand, a significant research on equation-based as 
well as on other congestion control approaches for best-effort streaming 
multimedia has been published in the past few years 
[13],[14],[15],[16],[17],[18]. The equation-based congestion control 
algorithm, first proposed by J. Mahdavi and S. Floyd in 1997, gives 
explicitly the maximum acceptable sending rate as a function of the 
measured recent loss event rate [3]. Basedon this value, thesender adapts 
its sending rate, which is guided by a control equation relating the 
transmission rate to the loss event rate, the size of data packet, and the round 
trip time. This technique was judged to be one of the leading candidates for 
congestion control and a viable technique, which provides relatively smooth 
congestion control, compared to TCP. 

This work aims to achieve smoothing of the sending data rate profile 
while optimizing the use of the' available network bandwidth. To achieve 
this objective, a fuzzy logic compensator is utilized to identify the transfer 
rate steps depending on the packet drop rate and the round trip time. The 
adequate bandwidth and throughput profile are therefore, approached 
slowly, and tracked as the congestion parameters change. This method is 
proposed as means to reduce unnecessary transmission, which cannot be 
received due to dynamic network constraints. Thus, the present paper tends 
to optimize both, the data throughput ripple as well as the network available 
bandwidth. This is performed using a non-analytical congestion avoidance 
approach based on fuzzy logic theory. 

2. DESIGN AND SET-UP OF FUZZY LOGIC 
CONTROLLER 

The fuzzy logic controller that has been implemented for congestion 
control is shown in Figure 1. It is built around a fuzzy logic compensator used 



182 A. M. Al-Naamany and H. Bourdoucen 

to identify the compensation value JT, which is used to adjust the sending 
rate T to its optimal value depending on the network load and performance. 
This optimal value is approached in factors that are identified by the Fuzzy 
compensator using round trip time R and steady state packet loss event rate 
p. To smooth the rate of transmitted data, a damping mechanism is utilized. 
It has a variable scaling factor k used to damp any abrupt changes of the 
transmission rate T. 

R 

p 
Transmission 

RateT 

dT/dt Damping 
Constant !-------' 

k 

Figure 1 Block Diagram of the fuzzy logic model for congestion control 

In this case the sending rate is adjusted as follows: 

(1) 

Where fT is the output of the fuzzy logic compensator, Tp is the previous 
sending rate while Llt is the period since the last calculated sending rate and 
k is the damping factor. 

The fuzzy compensator is shown in Figure 2. The fuzzifier transforms the 
crisp data of the round trip time R and the steady state loss event rate p into 
fuzzy sets by evaluating the membership functions. The fuzzy rule base 
contains a set of fuzzy rules in linguistic form, which are used to manipulate 
the fuzzy algorithms. Inference engine evaluates the rules and based on the 
preconditions recommends a set of compensation to thesendingrate T. The 
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overall fuzzy output is the union of the outputs resulting from each rule. The 
defuzzification produces a non-fuzzy compensation action that best 
represents the adequate sending rate. 

Fuzzy Aule ) 
Factot .....-----.,... 

Base Defuzzyfication J.!f--tJ.! 

Figure 2 Fuzzy logic Controller 

The fuzzifier performs a mapping from a crisp point X= (x1, ..... xnl E U 
( universe of discourse) into a fuzzy set A' in U. We will use the singleton 
fuzzifier (the most commonly used), which is by definition, A' is a fuzzy 
singleton with support x, that is, J!A' (x') = 1 for x' = x and J!A' (x') = 0 
for all other x ' E U with x ' ::t x. The membership function for each term 
in the partitioned spaced is expressed mathematically as 

0 
x-a 

f-LA (x) = b-a 
c-x (2) 

c-b 
0 

Where a, band c are the three corners of the triangular with a<b<c [19]. 

The two variables to be considered are round trip time R and the steady 
state loss event rate p. 
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Figure 3 Fuzzy logic membership functions used to simulate the model 

Bach variable is separated into four input membership functions, small, 
medium-small, medium and high which represents their numeric values as 
input to the fuzzy controller. 

A representation of the round trip time R input membership function 
domain and steady state loss event rate p is given in Figure 3. The number of 
memberships is same however their positioning is to allow emphasis on the 
effects of packet loss in comparison to round trip time. The effect of packet 
loss rate p and round triptime R on fuzzy logic transmissionrate change fT 
is shown in Figure 4. 
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Figure 4 Effect of packet loss rate p and round trip time R on 
fuzzy logic transrnission rate change fT 
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The control rule base is set up using IF-THEN rules based on the fuzzy 
model. The IF-THEN rules describe what action is to be taken if a certain 
set of conditions is met. lt incorporates information about every possible 
condition that the system can ericounter. Note that when a fuzzy rule base 
recognizes information that is partially true it can partially invoke more than 
one rule at a time. If two or more rules are to be invoked that have the same 
value, than the rule that is invoked to the greatest degree is chosen (the 
maximum), and the rest are discarded. This is the union fuzzy operation. The 
fuzzy logic rule base is represented as a two-dimensional table look up in 
FigureS. 
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Figure 5 Fuzzy logic rule 

In this method the fuzzy logic controller produce an output as number 
ranging from negative to a positive number representing the multiplicative 
factor of thesendingrate T. 

In evaluating the rules, we used the minimum operator (fuzzy AND 
operator), i.e. 

j.JiOi = J.i1; (x1) 1\ (x2 ) , where d denotes the output region of 

rule i, and 1; denotes the input region of rule i for the j components, x1 and 

x2 are the two inputs, PandRin our case [19],[20],[21]. 

For the defuzzification, an average defuzzification formula is used to 
determine the outputs [19]. Where j denotes the j'h component of the output 
vector (äj is the region of Rule i for the j'h output component, 
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M . . 

:L !-! i-
i=l J 

M . (3) 

:L !-! 
i=l 

y; denotes the center value of region 0/, M is the number of fuzzy rules 

in the combined fuzzy rule base and hence the output of the defuzification 
stage. This output is crisp value denoting the response of the fuzzy logic 
controller. In this case, the transfer rate T is the output of this stage of 
controller, which is used for the next data transfer rate. 

3. ANALYSIS AND RESULTS 

Figure 6 shows the expected results of the fuzzy logic controller with and 
without damping function. The controller is expected to react rapidly to any 
change in the round trip time R and the steady state lass event rate p, which, 
once the actual bandwidth is reached, can cause oscillations. These 
oscillations are mainly due to the large sampling period. However, the 
implementation of a damping function on the output of the fuzzy logic 
compensator reduces the effect of large changes due to minor variations in 
the input. This results in a slowed down reaction of the overall controller, 
hence, a reduction in amplitudes of oscillations once the actual bandwidth is 
reached. 
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Figure 6 Effect of Fuzzy Compensator with and without damping function 

To reduce the congestion effect further, we are suggesting adding 
increment/decrement steps to approach the next sending rate. In this case, 
once the next sending rate T is computed, the system should not jump to this 
new sending rate by one single step. lnstead, n number of step should be 
used to approach this new sending rate within the sampling period. By 
undertaking this, the system will smoothly seek the optimal bandwidth 
without excessively inducing congestion by sending large quantity of 
packets, which cannot be handled by the system or accepted by the receiver. 
Figure 7 depicts the expected profile that results when using n step 
adjustments approach. 

4. CONCLUSION 
A fuzzy logic TCP congestion controller has been proposed in this paper. 

lt aims to smooth the data throughput profile and to optimize the network 
transfer bandwidth. This has been achieved using a fuzzy logic 
compensator, which identifies the transfer rate steps depending on the packet 
drop rate and the round trip time of the network at a given point of time. In 
addition, due to dynamic network constraints, the proposed method allows 
proximity tracking of both the bandwidth and data throughput profile. This 
has been ensured by embedding within the controller a damping function to 
avoid abrupt changes of the transmission rate. Thus, this approach allows 
reducing unnecessary over-transmitted packets that will be lost in the 
network and at the same time reduces the ripple in the throughput profile. 
Because of its non-analytical nature, the proposed approach appears as a 
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good candidate to complement the available congestion controllers for 
unicast as well as for multicast systems. 
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Figure 7 Effect of Fuzzy Compensator with n step adjustments 
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