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Abstract— Congestion in network occurs due to exceed in aggregate demand as compared to the accessible capacity of the 
resources. Network congestion will increase as network speed increases and new effective congestion control methods are 
needed, especially for today’s very high speed networks. To address this undeniably global issue, the study focuses on the 
development of a fuzzy-based congestion control model concerned with allocating the resources of a computer network such 
that the system can operate at an adequate performance level when the demand exceeds or is near the capacity of the 
resources. Fuzzy logic based models have proven capable of accurately representing a wide variety of processes. The model 
built is based on bandwidth, the aggregate incoming traffic and the waiting time. The theoretical analysis and simulation 
results show that the proposed algorithm provides not only good utilization but also low packet loss. 
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I. INTRODUCTION 
 
Computer networks play an important role on 
connecting resources and people. As the number of 
computers that transfer data to each other increased, 
the issue of congestion control becomes ever more 
important. The large increase in traffic and network 
capacity demands have produced the need for new 
flexible types of congestion control. Despite the fact 
that a number of algorithms have been proposed for 
overcoming the problem, the search for new schemes 
continues. Protocol designs should provide real time 
solution that protect network in the event of 
congestion. The primary cause of network congestion 
is that data in networks are overloaded and available 
resources such as bandwidth, buffers, queues, 
processor time etc. are inadequate to handle such 
loads. In other words when too much traffic is offered, 
congestion sets in and performance degrades sharply. 
Delay will be more and throughput will be less. 
Apparently, computer network performance largely 
depends on the effective implementation of 
congestion control protocols.[1] 
 
The study develop a congestion control model 
concerned with allocating the resources of a computer 
network such that the system can operate at an 
adequate performance level when the demand exceeds 
or is near the capacity of the resources. Aim is to 
prevent a network from severe degradation and 
achieve good or optimum performance. Congestion 
rely on many network parameters such as memory, 
input traffic rate, queueing buffers, processor speed 
and link bandwidth. There are some myths about the 
congestion like vast memory, high speed links and 
high speed processor will solve the problem. Contrary 
to these beliefs, without proper protocol remodel, the 
above developments may lead to more congestion and 
thus will also reduce network performance.[2]  

A major reason for this is because congestion is a 
dynamic problem. It cannot be resolved with static 
solutions alone. [3] In the study, the fuzzy logic based 
model design carefully respond to online parameters 
such as available bandwidth, the aggregate incoming 
traffic and the queue length. Fuzzy logic based 
controller finds to be a remarkable solution for 
congestion control in networks since a precise 
mathematical model using conventional analytical 
methods is very difficult to be obtained [4]. Fuzzy 
logic controllers are expected to work in situations 
where there is a large uncertainty or unknown 
variation in the parameters and structures of the 
system under control. The model provides a tool for 
making use of the fuzzy information in a systematic 
and efficient way. 
 
II. DESIGN CONSIDERATION 
 
Fuzzy Logic was proposed by Prof. LotifZadeh as a 
means of representing or manipulating data that is not 
precise. Fuzzy logic provides an alternative solution to 
non-linear control because it is closer to real world. 
Non-linearity is handled by rules, membership 
functions, and the inference process which results in 
improved performance. Fig. 1 shows the basic 
structure of Fuzzy System. It includes four main 
components. A Fuzzifier which translates crisp inputs 
into fuzzy values. An Inference Engine that applies a 
fuzzy reasoning mechanism to obtain a fuzzy output. 
A Defuzzifier which translates this latter output back 
into a crisp values. A Knowledge Base containing 
both the rules and the membership functions. 
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Fig. 1. Phases of Algorithm Development 

 
The fuzzy based congestion model is designed to 
force the network to respect the negotiated acceptable 
number of packet throughout the duration of 
connection. This goal must be achieved by taking into 
consideration the fundamental requirements of an 
ideal congestion controller which is  to allow for 
fluctuations in input rate as long as the overall traffic 
is permissible and at the same time detect a bottleneck 
immediately. The algorithm must perform under 
varying traffic intensities and link bandwidth in order 
to save the network from congestion. The model 
architecture is divided into three phases as shown in 
Figure 4. Phase 1 of the process is the development of 
the Fuzzy Inference System (FIS). Phase 2 of the 
design process is writing of the command line 
functions for further analysis using the FIS developed. 
Phase 3 is the development of a Matlab GUI that 
utilizes the algorithm written in Phase 2. 
You may note peculiarities. For example, the head 
margin in this template measures proportionately 
more than is customary. This measurement and others 
are deliberate, using specifications that anticipate your 
paper as one part of the entire proceedings, and not as 
an independent document. Please do not revise any of 
the current designations. 

 
A. FIS Development 
The main part of designing the Fuzzy Logic based 
congestion control model is to design the Fuzzy 
Inference System (FIS) which acts as a black box. The 
surrounding software solution provides the inputs and 
receives the output after the processing. Fig. 2 shows 
the design structure of the proposed FIS. The FIS is 
constructed using Matlab Fuzzy Logic Toolbox.  In 
the proposed model, three input variables and one 
output variable are considered.  
 
Input variables are as follows:  

(1) Available bandwidth. The maximum 
throughput to support volume of data trasfer of the 
communication path.  

(2) The aggregate incoming traffic. It is the 
number of packets waiting in the queue to receive 
services. 

(3)  The waiting time. Waiting time is the time 
period during which a packet remains in the queue in 

order to receive service excluding the time for 
erforming servicing. 
 

 
Fig. 2. FIS Functional Model 

 
The output variable is the average number of directed 
packets that can be forwarder by the fuzzy based 
congestion controller. Figure 6 is a screen shot from 
Matlab FIS Editor illustrating the functional 
characteristic of the system which can be defined as: 
the system will output the computed forwarded 
packets by assessing the input parameters defined. 
Essentially, there are five fundamental stages in the 
construction of an FIS as illustrated in Fig 3. 
Succeeding step is to define the membership functions 
for input and output variables which are linguistically 
termed as follows: 

• Inputs: low, medium, high; and 
• Output: bad, poor, moderate, good, high 

 
Triangular membership functions are chosen for the 
input variables and output variables.Fig. 4illustrates 
the arrangement of the input and output fuzzy sets 
along their respective range.Fuzzy Logic uses 
membership functions as a layer of abstraction for the 
algorithm. 
 

 
Fig. 3. Fuzzy System Development Cycle 
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Fig. 4. Membership Functions of (a) Input and (b) Output 

 
The main focus of the study is on achieving the best 
possible results for simulation. It is worth mentioning 
that the fuzzy rules are obtained by try-and-error 
method. The automation of the control parameters 
defining the membership functions and even the fuzzy 
rules of the FIS is a good future direction of this 
project. Noted, as well, that fuzzy logic 
implementation makes it possible to declaratively alter 
the per-assigned values. 
Defining the FIS rules followed the Intersection Rule 
Configuration (IRC) method, 27 rules were used to 
map the input variable to the output variable. Table 1 
provides the IRC matrix used to define the rules of the 
system. The matrix provides one empty cell for each 
unique three input combination and is filled up with 
the c output varying from bad, poor, moderate, good 
and high. 

 
TABLE 1. FIS RULE MATRIX 

 

 
Fig. 5. Matlab Fis Rule Editor 

 

 
Fig. 6. FIS Hierarchical Diagram 

 
Fig 5 shows Matlab’s Rule Editor Interface for 
editing, adding and deleting fuzzy rules. 
 
Succeeding step is to define the inference and 
defuzzification method to be applied. An inference 
method permits obtaining logical deductions of 
conclusions from premise. The Mamdani inference 
method is chosen as it is the most widely used method 
for fuzzy systems. The defuzzification process 
transforms the fuzzy set into meaningful values which 
can be used for the further processing in the command 
line. Centroid defuzzification method was used. Fig. 6 
shows the overall system block diagram with 
emphasis on the hierarchical processes involved in the 
designed fuzzy inference systems. 
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Fig. 7. FIS Simulation using Rule Viewer 

 
TABLE 2. FIS SIMULATION 

 
  
Final step in the FIS development is simulation. Fuzzy 
logic toolbox in Matlab provides this function through 
the use of rule viewer shown in Fig. 7. Each column 
shows the set of membership functions for a particular 
input. Notice that each input parameter (available 
bandwidth, aggregate incoming traffic and waiting 
time) has three membership functions corresponding 
to low, medium and high; and the output variable 
forwarded packets has five membership functions 
corresponding to bad, poor, moderate, good, high. 

Each membership function in each set is associated 
with a particular rule and maps input variable values 
to rule output values. 
 
B. Command line Functions 
FIS output should be further analyzed through the 
written Matlab command line functions. It involves 
the algorithm which receives the data input from the 
user simulation, implements pre-processing to map 
the inputted parameter values to fuzzy equivalent, fed 
the values to the FIS and returns computed average 
number of packets the congestion controller can 
support. The program flowchart is depicted in Fig. 8. 
 

 
Fig. 8. Algorithm Flowchart 

 
C. Graphical User Interface 
A GUI serving as the user-interface of the system was 
programmed to simulate and display the inputs and 
output from the Fuzzy Based congestion control 
model.  Figure 9 shows the system GUI. 
 

 
Fig. 9. Graphical User Interface 

 
III. SIMILATION AND TESTING 
 
The main objective is to design an algorithm for 
evaluating the average number of packets a network 
can support at a given time using fuzzy logic 
algorithm. To validate the performance of the fuzzy 
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inference system designed, the defuzzified output is 
compared from computed values using mathematical 
equations from centroid defuzzification method. 
 

 
Fig. 10. Model Simulation 

 
For input values of AvBW= 44, AgTR = 74, and 
WTime = 24, Fig. 10 shows that FIS returned a 
defuzzified output of . These are normalized values 
allowing data attributes within the model to organize 
and to be flexible in use for different measurement 
standard designed for future uses.The simulated 
values from the user interface are have the values: 44 
for Available bandwidth, 74 for aggregate incoming 
traffic and 24 waiting time. The value 44 for Available 
Bandwidth is broken down into 3 fuzzy subsets to 
form a fuzzy set. The fuzzy numbers ranges from 0 to 
1 depending on the degree of membership defined by 
each fuzzy subset’s membership function 
linguistically defined as Low, Medium, and High. The 
input fuzzy set for a crisp input variable depends on its 
location in membership plot. For the normalized 44 of 
Available bandwidth, there is no membership to low 
and there are partial memberships with the medium 
and the high fuzzy subsets as shown in Fig. 11. 
 

 
Fig. 11. Membership functions 

 
Fig. 12. Fuzzy Rules 

 
Determining the degree of membership to a fuzzy 
subset depends on the parameters and type of the 
membership function used by the fuzzy set.  The same 
concept is applied to procure the respective fuzzy sets 
of the other two parameter given the simulated inputs. 
The fuzzy sets are analyzed and interpreted using 
Mamdami Inference Method considering the 27 rules 
inputted to the MATLAB FIS. Each rule outputs one 
fuzzy subset that belongs to the fuzzy set of the output 
variable. The output variable of the system is the mean 
packet count which can be forwarded without causing 
network congestion denoted as bad, poor, moderate, 
good and high. Each fuzzy subset of the input variable 
can be related to any fuzzy subset of the output 
variable depending on the implemented rules in the 
FIS.Fig. 12 shows the 27 fuzzy rules being used.Each 
combination of the 3 input variables is related to one 
membership function or one fuzzy subset of the output 
variable. Since there are 27 possible combinations, 
there are 27 rules producing 27 fuzzy subsets.  

All 27 fuzzy subsets are combined using 
Maximum Aggregation method yielding a single 
fuzzy set for the output.  The output fuzzy set or fuzzy 
numbers does not imply a clear explanation of the 
output; hence, it is defuzzified using 
Centriodpointdeffuzification. The defuzzification 
process transforms the fuzzy set into a crisp value that 
is meaningful to the user. 

 
Fig. 13. Plot of Aggregate Sum 
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Considering the normalized input values: for 
Available bandwidth, aggregate incoming traffic and 
waiting time, the computed output of the system is 68 
denoting the density of packets which can be 
accommodated without congestion. This value is 
obtained using the Centroid or Center of Gravity 
Method performed by Matlab’s FIS which will be 
compared to a manual computation to verify their 
precision. The following computation uses eq. 1 and 
the Aggregate Plot of Rule Viewer shown in Fig. 13. 
 

 
 
The computed value using mathematical centroid 
method is 67.02 while the return value of MATLAB’s 
FIS is 68 yielding a per cent difference of 1.4 %. 
To further describe the response of the system for any 
combination ofinput values, Matlab provides a 
Surface Plot showing the graphical relationship of the 
inputs to the output. Fig. 14 shows the output ranging 
from normalized 0 to 100 versus the input parameters 
available bandwidth and aggregate incoming traffic 
which also has a normalize range of 0 to 100. It is 
only possible to view a three dimensional plot in 
Matlab, hence the other inputs (waiting time) is held 
held constant by explicitly defining its values in the 
Reference Input field of the Surface Viewer located at 
the lower left portion of Figure. The format for 
inputting the values for the Reference Input is 
[NaNNaN 0 0] where NaN stands for Not a Number. 
The NaN syntax is used to indicate that the input for 
that subset is variable while a fixed number is used to 
indicate that the input for that subset is constant. The 
set [NaNNaN 0 0] means the input values for 
Available bandwidth and aggregate incoming traffic 
in the Surface Viewer are variable while the third 
parameter waiting time is held constant at 0. 

 
Fig. 14. Surface Plot of AvBW and AgTR versus AvePackets 

 
Fig. 15 shows the response of the remaining 
combinations of two inputs where where the not 
displayed inputs are held constant at zero. 
 

 
Fig. 15. Surface Plot of (a) AvBW and WTime vs. AvePackets 

and (b) AgTR and Wtime vs AvePackets. 
 
CONCLUSION 
 
An algorithms have been proposed for addressing 
congestion phenomenon in Computer Networks. The 
model uses Available bandwidth, aggregate incoming 
traffic and waiting time, process these input 
parameters using predefined fuzzy rules and 
memberships, and returns mean number packets that 
can be supported by the network without resulting to 
congestion. The fuzzy based modelling was 
implemented with the use of Matlab-based fuzzy logic 
algorithm. The output density is categorized as Bad, 
Poor, Moderate, Good and Fast. Quantitative 
comparison showed that the design relatively models 
result are accurate yielding a per cent difference of 1.9 
%. 
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