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A TYPICAL FUZZY CONTROLLER

In the article was made an analysis of the Bandwidth capacity data, which are indicating that when
using the PI-method, the bandwidth capacity of channel with overload decreases with increase of the
UDP-stream density.

A typical controller based on fuzzy logic (Fuzzy Logic Controller, FLC) is described in the article.
Functional scheme of the FLC is presented. The structure of fuzzy controller is given. The table of fuzzy
rules of the controller and its architecture is presented. Experimental data on queue lengths are presented.
A review of controllers based on REM-method of active queue management (FREM, STREM, FEM) is
given and conclusions concerning their impact on the router parameters are made.

It is proved that when the PIl-method is used, the bandwidth capacity of channel with overload
decreases with increase of the UDP-stream density. The RED-method has more stable bandwidth capacity
when the UDP-stream density is varied. However, the highest and the most stable results are observed
when using the FLC controller. The main advantage of the FLC-controller is that the length of the queue
is stable with variation of the network parameters.

Keywords: fuzzy controller, fuzzy controller architecture, the membership functions of the input and
output variables.

Introduction. In the article was made an analysis of the Bandwidth capacity data, which are
indicating that when using the Pl-method, the bandwidth capacity of channel with overload
decreases with increase of the UDP-stream density. The RED-method has more stable bandwidth
capacity when the UDP-stream density is varied. However, the highest and the most stable results
are observed when using the FLC controller.

The main advantage of the FLC-controller is that the length of the queue is stable with
variation of the network parameters.

Typical controller based on fuzzy logic, membership functions of the input and output
variables and fuzzy rules used for the controller are described in the paper. Response surface of
fuzzy controller is presented. Topology and results of simulations are presented.

Problem statement. The buffers of network routers are overloaded due to non-uniform
growth of capacities of channels. Basic methods of active queue management and congestion
avoidance (RED, PI, REM) can not fully cope with the management of traffic with complex
dynamics, high burst and non-linearity of load changes. As a result, an overload of the router buffer
occurs and global synchronization of TCP flows takes place [1]. This in turn reduces the effective
data rate and degrades quality parameters, such as packet loss ratio, delays and delay variations.

When using DropTail, a passive queue management method for TCP traffic manadement, the
global synchronization takes place. This phenomenon is that when the buffer is overflowed, a reset
of all incoming packets takes place, and all the transmitters of TCP/IP network initially reduce the
TCP window, and then synchronously increase it, causing a new overload. As a countermeasure to
global synchronization, the REM-algorithm of randomly-exponential drop/labelling of incoming
packets during the buffer overflow was developed. The algorithm is based on a mesure ("price") of
overload.

There are also some modifications of REM (FREM, STREM, FEM) which were developed for
improvement of the network characteristics.

A controller based on fuzzy logic (FLC) is used to ensure the normal operation of the active
queue management systems based on the REM-method. The FLC showed good results in
management of non-linear systems with complex dynamics.
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A typical controller based on fuzzy logic (FLC) is described in the article. A review of
controllers based on REM-method of active queue management (FREM, STREM, FEM) is given
and conclusions concerning their impact on the router parameters are made.

Results of calculations and oscillogramms. The theory of fuzzy sets describes and operates
by imprecise concepts, and also makes vague conclusions. Fuzzy control is particularly useful when
the investigated processes are too complex for analysis and when the information sources are
interpreted qualitatively. Availability of mathematical tools for description of vagueness allows to
build an adequate model of reality.

The FLC (Fig. 1) decides to change the current value of the probability of the package
drop/labeling Pdrop taking into account the following parameters: errors of current queue length
Qerror, its change during the measurement derror, and appropriate set of rules based on expert
judgment. For the input variables, the value of membership function u is calculated, i.e. the degree
of confidence that the input variable is the fuzzy (linguistic) variable, such as "large", "small" and
"medium”. The membership functions are selected from condition that the sum of all the functions
of the input variable should be equal to one.
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Fig. 1. Architecture of FLC

One of the most common algorithms of fuzzy inference is the Mamdani algorithm. Fuzzy
inference is based on a set of rules: the value of truth for each rule premise is calculated (operation
minimum). An example of linguistic rule: IF (Qeror = "LARGE") and (derror = "SMALL") THEN
(Pdrop = "MEDIUM"). All fuzzy sets derived from rules are aggregated together and a single fuzzy
set © is formed (operation maximum). Reduction to definition is done, for example, by using a
discrete method of "center of gravity":

YN YjHcYj
Pdrop =%, @
j=1hcYj

where yj is a discrete value of the output variable from ™ values,

and uc is membership function of aggregated set ©.

The main advantage of the congestion control algorithms based on fuzzy logic, is that they do
not use the mechanism of dropping packets, but calculate packet losses according to a pre-
configured fuzzy logic with use of queue length and the buffer usage ration [3]. So, the proposed
algorithms reach higher bandwidth capacity, more stable values of the queue length. As a result,
they improve the ability of routers to manage congestion in TCP/IP networks in comparison with
schemes which use basic AQM-algorithms. The main objective of the AQM methods is tracking the
congestion level in the network and notification the message sources (input packets) about this, in
order to reduce their transmission rate. In actual practice, overloads occur when the required
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bandwidth exceeds the available capacity of the communication channel, which results in drastic
deterioration of the network characteristics since the packet loss increases and the channel usage
decreases. In order to prevent these problems, a fuzzy logic is widely used in TCP/IP networks
which can well adapt for dynamic environment without accurate model and provides the non-
analytic approach in design of dynamic and fast control schemes.

The main element of the AQM system is a fuzzy controller (Fig. 2), which does not use the
mechanism of packets dropping, but calculates the packet losses according to the input queue length
and the buffer usage ratio. This allows to improve performance of routers in the IP networks with
dynamic environment [2].
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Fig. 2. Structure of fuzzy controller

A typical fuzzy controller includes three main blocks:

1. fuzzification block;

2. block of formation of logical inference;

3. defuzzification block.

The fazzificator is necessary to convert the input data into an appropriate set of linguistic
variables that are needed in the decision making block. A number of fuzzy control rules that
characterize dynamic behavior of the system is defined in the FLC rule base. Decision making
block is used to form inferences from the fuzzy control rules.

The FLC has two inputs, which are designed to obtain information on the queue length (QL)
and the buffer usage ratio Br. The packet-dropping probability Pd is transmitted to the FLC output.
The controller calculates the probability of packet dropping according to the queue length, current
buffer usage ratio and a set of fuzzy linguistic rules. The linguistic rules are generally defined as
follows:

1) Rulel : ;
2) Rule2: ;

3) RuleX ‘'IF QL = Ak AND Br = Br THEeN pd = ck;

Symmetric triangular and trapezoidal membership functions are used as the membership
functions. The queue length is classified in three linguistic variables: QL = (short, medium, long),
where "short” means that the queue length is in normal state, "medium" means that the queue is in
state of overload prevention, "long™ means that the queue length is overloaded. Figure 3a shows the
membership function of the "queue length” variable.
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Fig. 3. Membership functions of input variables
"queue" and " buffer usage ratio"

The buffer usage ratio (Figure 3.b) is determined by Br variable, which has three states:

1. "low congested" (LC);

2. "quite congested"” (QC);

3. "completely congested” (CC).

The probability function of packet dropping Pd is shown in Fig. 4 for five possible values:

1) Very low (VL);
2) Low (L);
3) Medium (M);
4) High (H);
5) Very high (VH).
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Fig. 4. The membership functions of the output variable "probability of packets dropping"

The fuzzy rules of the controller are written in Table 1

Table 1
Buffer usage ratio Br
Queue 5 ” ;
length QL Normal state revention o Overloads
overloads

Short VL VL M
Medium VL L H

Long L M VH
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Complete links between the input and output variables (response surface) of fuzzy controller
are presented in Fig. 5.

Fig. 5. Response surface of fuzzy controller

Fig. 6 shows the architecture of a fuzzy algorithm AQM, which includes classifying model
(CM), models of packets dropping (MPD) and model of fuzzy controller (FLC). The CL denotes
communication link. The input-to-output ratio is expressed by the set of linguistic rules.
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Fig. 6. Architecture fuzzy AQM algorithm

When the queue length is short and the buffer usage ratio is low, the probability of packet
dropping is low. When the queue length is large and the buffer usage ratio is high, the probability of

packets dropping is high. In this system, the algorithm can correspondingly adapt the probability of
packets dropping by means of “learning."

Let us consider modeling the TCP/IP network operation with use of a fuzzy controller and
AQM-methods (RED and PI) [1-4]. Topology of the simulated network is shown in Fig. 7.
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Fig. 7. Topology of modeling
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The simulated TC/IP network consists of message sources Si, Sy, .- Sh, message receiving
devices D1, Dz, .-Dn and two routers R1 and Rz between which there is an overloaded line with 10
Mb/s bandwidth of 10 ms delay. The buffer size of the router is 300 packages, and the expected
queue length is 100 packages. In addition, support for explicit congestion notification (ECN) is
activated in all sources. Duration of simulation was 100 seconds.

In the first stage of modeling, N = 100 (Fig. 8, a) and N = 600 (Fig. 8, b) message sources are
included into the system.

When the number of sources is 100, the queue length never exceeds the buffer size of the
router. As Fig. 8a shows, the queue length is the highest when the RED-algorithm is used. The
queue slightly oscillates when the Pl-method is used, while the queue length of the FLC is lower
and more stable.

When N = 600, the queue length for RED-method also has a high value and unstable
character since RED-algorithm requires some time respond to the increasing number of
connections. Queue length for Pl-method has a stable character, but the reaction is slow. When
using the FLC, the lowest queue length is observed with increasing number of network connections.
When dealing with uncertain events, the fuzzy algorithm utilizes advantage of fuzzy logic. Even
without an accurate model, it can effectively use resource of the buffer to avoid oscillations caused
by the increase of the number of connections and provides a stable queue length.
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Fig. 8. Queue length for various TCP connections

So, the FLC provides the lowest possible and more stable queue length when the number of
connections is changed.

At the second stage of simulation, the bandwidth capacity of the given methods was studied.
Results of experiments are shown in Fig. 9.
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Fig. 9. Bandwidth capacity

The subject of studies at this stage was the impact of UDP-streams. The UDP stream density
varied from 0.1 to 0.9.

Conclusions. The data presented in Fig. 9 indicate that when using the PIl-method, the
bandwidth capacity of channel with overload decreases with increase of the UDP-stream density.
The RED-method has more stable bandwidth capacity when the UDP-stream density is varied.
However, the highest and the most stable results are observed when using the FLC controller.

The main advantage of the FLC-controller is that the length of the queue is stable with
variation of the network parameters.
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PenensenT: a.T.H., npod. CoiTHEB A.L

K.T.H., C.H.c. ['ocTeB B.B., K.T.H., nou. [lamnyxa 1.B.,
K.T.H., 1o1. CaBkoB IL.A., k.T.H. CaBkoBa B.II.
TUIIOBUM HEUYITKUI PET'YJISITOP

Y cmammi npoananizoeano nokazmuku nponyckmoi 30ammuocmi, AKI 6KaA3yOmMb, W0 Koau
sukopucmogyemocsa Pl-memoo, mo nponyckna 30amuicms nepesanmai)cenoz0 KaAHauay 3mMeHuLyemscsa 3i
36invuwennam winonocmi UDP-nomoky.

Y emammi onucanuit munoeuii pezynamop na ocnoei neuimkoi nociku (PHJI). Ilpeocmagnena
dyukuionansna cxema KHJI, a maxoxc cmpykmypa neuimkozo konmponepa. Penpezenmosana maonuys
HeuimKux npasu Kowmponaepa i iozo apximexkmypu. Onucani eKcnepumeHmaaibHi OaHi HO 008IHCUHI
yepeu. Ilposedeno oz2nao konmponepie na ocnosi REM-memody akmuenozo ynpaeninnsa uepzoiw (FREM,
STREM, FEM), maxosic 3p0o061eHi 6uCHO6KU nPO iX 6NIUE HA RAPAMEMPU MAPDUWIPYMUZAMOPA.
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Jlosedeno, w0 npu euxkopucmanuni PI-memody, nponyckna 30amuicme Kamaxy 3
nepPesanma3ceHHAM 3MeHuyemvca 3i 30invuenuam winonocmi UDP-nomoky. RED-memoo mae oinviu
cmaodineHy nponyckHy 30ammuicmv  npu  3mini  winenocmi UDP-nomoky. Ilpome, naiieuwyi i
HalicmabineHiwi pezyromamu cnocmepizaromoca npu euxopucmanni KHII. Ocnoenoto nepesazoro PHII
€ me, W0 006)HCUHA UepeU CMADLTbHA NPU 3MIHI nApaMempie mepesici.

K.T.H.., C.H.C. ['ocTeB B.B., K.T.H., 10ou. [lamnyxa U.B.,
. K.T.H., 101, Caskos II.A., k.1.H. CaBkoBa B.II.
TUIINMYHbIA HEUETKUU PET'YJIATOP

B cmamoue 6bin1 nposeden ananus nokazamenei RPORYCKHOU CROCOOHOCMU, KOMOpPble YKA3bI8AION,
umo kozoa ucnoavzyemcsa Pl-wemod, mo nponycknas CcnocoOHOCHIb RepPezPYy’HCeHHO20 KaHaida
ymenvuiaemcesa c ygeauuenuem naomuocmu UDP-nomoka.

B cmambve onucan munuunwviii pezynamop na ocrnoge Hevyemxou nozuxku (PHJI). Ilpeocmaenena
¢ynukyuonanvnas cxema PHII, a maxyce cmpykmypa Heuemkozo Koumpoiiepa. Penpezenmupoeana
madnuya HeuemKux NPaAuU KoHmpoanepa u ezo apxumekmypvl. Onucanvl IKCnepuMeHmManabHble
oannble no oaune ouepeou. Ilpouseeden 0030p xoumponnepoe nHa ochose REM-memooa axmuenozo
ynpaenenusa ouepeovto (FREM, STREM, FEM), maxaice coenanst 6616006l 0 UX 6MUAHUU HA RAPAMEMPbL
Mapwpymuszamopa.

Jokazano, umo npu ucnonvzoeanuu PI-memooa, nponycknasa cnocooHocms Kanana ¢ nepezpy3Koil
ymenvuwiaemca c ygeauuenuem niaomuocmu UDP-nomoka. RED-memo0 umeem 0onee cmadunvHywO
nponycKkHyto cnocoonocme npu usmenenuu niomuocmu UDP-nomoka. Tem ne menee, camole 8blcoKue u
cample cmabunvHbvle pe3ynbmamosl  Hadawoaromca npu  ucnonvszoeanuu PHII.  Ocnoeénvim
npeumyuiecmeom KHII aenaemca mo, umo Onuna ouepeou cmadunvHa npu uMeHeHUu napamempos
cemu.
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