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Abstract

"Computer network congestion” plays an important role in packet switched
communication and occurs when a node or link is bearing higher data than its quality
of service. As a result network loss its packet, delay in service ot disturbing in new
connections. Therefore Congestion control could be understood of mechanisms and
techniques to control the congestion and maintain capacity below of its load.
Computer network congestion control problems are vital issues and a high priority,
especially given the growing size and demand of networks, despite the many years
of research efforts. Designing effective congestion control mechanism for computer
networks is a hard work because of the difficulty of realistic, cost effective, tractable
analytical models of congestion. But Computational Intelligence using Fuzzy Logic
Control methodology is trying to offer effective solutions for certain classes of control
problems. In this article we propose discuss a fuzzy based congestion control
mechanism to address the congestion control problem.
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Introduction:

Since many years of research efforts, the problem of network congestion con-
trol is still a critical issue and a high priority that is the growing size, demand, and
bandwidth speed of the networks. By growing packet switched Network congestion
is becoming a critical threat. Congestion is caused by saturation of netwotk resources
means when the demand is greater than the available resource that means the pack-
ets send load is higher than its network
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handling capacity. In network congestion incremental increase in carrying data
or packets leads to minimum network throughput or reduction in netwotk through-
put. Network congestion result in loss of packets delay in service ot bottleneck in
new connection. Network congestion may become unmanageable unless effective,
robust, and efficient methods of congestion control ate developed. Currently there is
an ongoing discussion between the active members of the networking community as
to give the right definition of congestion. Existing solution to control congestion are
now becoming ineffective due to the growing size of the network and can’t scale up.
But computational intelligence could play an important role in this issue. The Fuzzy
Logic is one of the tools of what is commonly known as Computational Intelligence
(CI). Therefore, Computational Intelligence is an area of fundamental and applied
research involving numerical information processing.

We all know that when the sum of demand on any resource is greater than the
available resource, the resource is known to be congested for that demand. So in
mathematical term we can say-

We all know that when the sum of demand on any resource is greater than the
available resource, the resource is known to be congested for that demand. So in
mathematical term we can say—

® Demand > Available resource

Thus we can say that depending on resoutce availability congestion problem
classify as single or distributed resource problem. For example in dumb resource such
as LAN medium where all the effort need to solve the congestion problem by the
single users. It seems that all access method of LAN like token access, cartier sense
multiple access with collision detection (CSMA/CD) are single problem solution.
But the intelligent resource can manage itself. In case of distributed resoutce it is so
complex to handle. For example when a users demand is unlimited than the available
capacity of a link (resoutce) is said to be distributed resource problem.

From the above discussion we can classify congestion schemes as resource cre-
ation schemes and demand reduction schemes. In resoutce creation schemes
reconfigure dynamically to increase the capacity of the resource. For example added
dial up links scheme in high usage, increases power on satellite link scheme, splitting
of path for extra traffic sending scheme etc. All these schemes are not aware of
congestion problem where only network is deal with the congestion

The demand reduction schemes indicate that they try to reduce amount of de-
mand of the available resources. The basic demand reduction schemes are service
denial schemes, service degradation schemes and scheduling schemes. The service
denial schemes stop new connection ot sessions to begin in congestion period. For
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example when someone is busy with a telephone line than nobody is allowed to
connect to that person and signalling a busy beep sound. The service degradation
schemes indicate to all the users signalling to minimise their load. The scheduling
schemes point to the users to schedule their demand to keep below the capacity. In
resource creation schemes or demand reduction schemes the network computes the
total load on the network and farther go for some avoidable action. A feedback
signal that is based on the load is sent from the resource which is congested to one ot
more control point. Some proposed feedback mechanism are discuss bellow-

* Feedback in routing messages: The intermediate resource despatch its over-
load to neighbouring nodes and respectively all recerving nodes share the load level.

* Feedback message: Feedback message may also called chock point message or
source quench message or permits message where explicit messages are sent from
the congested resource to the control point.

* Probe packets: It is send from the sources via network to adjust their load
depending

on the delay.

* Rejecting further traffic: In this mechanism a back pressure is create where the
incoming packets are lost or un-acknowledge and thus queues are create at the other
nodes. In the demand reduction mechanism the control node performs as soutce
node on the network.

Some alternatives to the location of the control discuss as-

* Transport layer: End system is the best suited to adjust the traffic load in trans-
port layer. But when the network and end system running under different administra-
tive then the control is balanced only first and last intermediate node.

* Network access: When the network is not congested then only the access con-
trol 1 the source node allow to in new traffic in the network layer.

* Data link layer: The data link level flow control techniques can be applied at
data link level to the control.

* Network layer: Using fair queuing technique or buffer class technique or leaky
bucket algorithm technique we can take steps to control the congestion when the
router and gateways fall in congested. But such of technique are only beneficial for
public networks.

Fuzzy logic is mainly known as Computational Intelligence (CI). Computational
intelligence is an area where fundamental and applied research involves numerical
information processing. In recent time Computational Intelligence research is most
active and simultaneously its uses are seen in some end user products. The Computa-
tional Intelligence mainly concerned with Fuzzy Logic, artificial neural network and
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evolutionary. While these techniques are not a panacea, it seems that demand of
these techniques is not only from the academic research community but also from
telecommunication companies. Fuzzy Logic Control (FLC) is viewed as an alterna-
tive way of designing feedback controllers when rigorous control theoretic approaches
cannot be used because of difficulties in obtaining a formal analytical model.

The control algorithm 1s a non-linear law and packed as a set of commonsense
rules. Fuzzy Logic have been implemented smoothly to the controlling systems where
difficultly has faced to obtain analytical models, even though it 1s available 1s too
complex and highly nonlinear.

In recent times, numbers of research papers have been popularised and successful
using fuzzy logic investigating solutions to congestion control issues in ATM networks
where facing the complexity of ATM networks, varieties of traffic sources operating
on them, and for depth analysis obtaining difficulty of formal models, it is still
favoured by many of researchers that are deal with ATM network. Fuzzy Logic is
recently applied to TCP/IP networks, and also TCP/IP Differentiated Services
Networks providing in either case, handful congestion control in diverse networking
technologies. The Transmission Control Protocol (TCP) is one of the key Internet
protocols and is responsible for managing end-to-end connections across the Internet.
Since that time and still today, TCP remains one of the most important congestion
control mechanisms in use in the Internet.

The congestion control algorithms as FERM and FERM2 explicit rate congestion
control schemes are very similar except in FERM desired queue length is implicit and
in FERM2 queue length is set by higher level control module. FERM scheme is
complaint with the ATM Forum Traffic Management Specification. FERM strictly
maintain the current queue length and growth rate when in the calculation of Explicit
Rate. The FERM scheme performs the Explicit Rate and Flow Rate Correction based
on the current queue length and queue growth at the ATM switch. FERM is a non-
linear controller where for certain queue length it performs different flow rate limits
based on queue length different rate. FERM2 is very common to FERM. FERM2 is
an improved scheme over the carlier or original scheme (FERM). The difference is
that in the original scheme the desired queue length is implicit, but in F ERM2 scheme
desired queue length is set by higher level control module and gives flexible use of
resources across the virtual connection. FERM2 scheme is also complaint with the
ATM Forum Traffic Management Specification. The parameters used in the FERM2
are PCR, ICR, AIR, MCR and Nfn. The Resource Management cells are periodically
evaluated by traffic sources and forward to the destination end systems.
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Origin f of the Problem

Its seems that the origin of "congestion" problem in the Internet observed to the
work of Leonard Kleinrock. He was the first person to focus on the problems of
congestion in large multi-node networks with queuing. Later he wotks with Larry
Roberts at ARPA where they implement analytic basis and theoretical feasibility of
communication and thus it has been an important area in congestion control, conges-
tion research and congestion management for the network researchers. In congestion
when sending packets are more than the handling capacity of intermediate routers,
then the intermediate routers fail to carry packets and waits for having retransmit the
information. In earlier sending and receiving rate of applications was primarily main-
tained by TCP congestion control and when a packet loss is detected an inference is
made that the loss occurred because of congestion. The basic cause of the conges-
tion is too much demand from the collection of users that share the network re-
sources. The pattern of demand and the capacity, architecture, and management of
network resources all contribute to determining a congestion state.

Methodology Applied

This article is mainly based on secondary data. The secondary data is collected
from various sources, such as-books, journals, internet source and some research
topic.

Simulative Evaluation / Discussion

Extensive simulations using OPNET, on a representative ATM network and
have compared the performance of FERM against enhanced proportional rate con-
trol algorithm (EPRCA), where we have seen that FERM offers excellent transient
behaviour with good rise time, good settling time, and insignificant, if any, oscilla-
tions. FERM?2 yields yet better throughput results than FERM in an’ overloaded net-
work for both LAN and WAN networks. Its transient behaviour is much better than
EPRCA, in the sense that FERM attains steady-state much faster, and that it offers
‘smooth’. FERM2 performs still better throughput results than FERM in an over-
loaded network for both LAN and WAN network.

Conclusions

In this paper we have presented a fuzzy iogic control methodology that is ap-
plied in two diverse technologies: ATM and TCP/IP networks for congestion con-
trol. The design of the fuzzy knowledge base is kept simple, using a linguistic inter-
pretation of the system behavior. We have presented an illustrative example of using
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CI intelligence to control congestion using Fuzzy Logic and have addressed limita-
tions of existing alternative mechanisms. This is clearly shown from the extensive
simulative evaluation. Both Fuzzy Logic based controllets are shown to exhibit many
desirable properties, like robustness, fast system response and fairness, with capa-
bilities of adapting to highly variability and uncertainty in network. From the results
presented, using simple designs, we are optimistic that th e Fuzzy Control methodol-
ogy can offer significant improvements on controlling congestion in computer net-
works. Various enhancements of the proposed fuzzy based congestion control de-
signs, such as adaptively, as well as the formal evaluation of the properties of the
controllers are currently being investigated
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