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T INTRODUCTION

A fuzzy system discussed firstly by Zadeh [9] can be treated as a
setiul and an appropriate tool for processing fuzzy data.Two classes of fuzzy
rystems are widely discussed,viz.
fuszy relational systems(e.g. [3] [5] [6] ),
~fuzzy functional systems(mainly fuzzy version of linear systems [ 4] [7] ).
"he tirst class of fuzzy systems deals with a fuzzy relation which describes
nterrelationships present between input and output of the system.The second

ne describes situations where the structure of the system under consideration

¢ wall known but the collected data are represented as fuzzy sets.A basic problem,
~hicn usually appears,is tied with the construction of the model of the fuzzy
ysten
wWe snall restrict ourselves to identification problems in fuzzy relational systems.
There are some papers devoted to identification problems in fuzzy systems [3] [ 5]

6] wnere various techniques are applied to fuzzy and nonfuzzy data.We propose
another algorithm for constructing models of fuzzy relational systems where the
contept of fuzzy discretization and clustering techniques are applied.The
usetiilness of the algorithm discussed is demonstrated by solving a numerical
cxample.The paper is organized as follows.In Section 2 we shall review an idea

£« fuzzy discretization and clustering techniques in generating a fuzzy
parzition of the universe of discourse.Next a general scheme of the identification

procedure will be considered and some implementation details will be discussed



#s3 we.l.The algorithm is applied to a set of Box-Jenkins data and the results

ara summarized in Section 4.
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-FUZZ/ DISCRETIZATION AND FUZZY CLUSTERING ALGORITHMS

'he idea of fuzzy discretization introduced in [ 8] can be sketched as

oliows.,

3""'Xc be basic fuzzy sets defined on the universe of discourse X

¥ R R-real numbers,Xi:'X ~[o,1] 1i=1,2,...G- fulfilling the property,

v 3 Xi(X)>or
x R l<i<ce

(1)

avery point of X belongs to at least one of the Xi's—we can say the space

;1 -1t assures that every fuzzy set X:X -»[0,1]

11 3
it

expressed in terms of the system of basic fuzzy sets.In order to do so,

ulates the value of a possibility measure of X with respect to Xi,i=1,2,--~,C

v =Poss (X|X,)=suplmin (X, (z),X(z))] . (2)
z i i
ze X
©reore every X can be represented by a sequence of numbers pie[O,lj,izl,Z,...,c
. 3
X »[pl P, pC] (3)

is the value of the possibility measure with respect to Xi obtained

e ald of (2) .

i+ 2 degenerated fuzzy set whose membership function is equal to 1 in exactly
DT, say XO ¢« X,and 0 otherwise,Eq.(2) takes the form,

=X . (4)
Py = (%)

swnroach to the approximation of any fuzzy set by means of the basic fuzzy

'3 L two main advantages,viz.
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Swtion the memoryloading in a computer implementation of the algorithms
ety with the fuzzy dataj;

inified treatment of fuzzy and nonfuzzy forms of information.
Jevortheless we should underline the fact that the choice of the basic fuzzy
szt - and of their number is subjective.They depend on the intuition of the
accis - -bullder and therefore can provide some troubles.,

fer o the fuzzy clustering method can be used for generating the {Xi} iil .

int ~rmally speaking a fuzzy clustering of{xl,xz,...,xn } being a subset of the
cements of into "c" fuzzy clusters is a process of assigning the grades of
nagingness of each of the points xi,i=1,2,...,n to every cluster.The fuzzy

“ers can be characterized by a partition matrix F=[fij] ,I1i=1,2,...,c,

.,n which fulfils the following conditions,

C
51 Fi571 ()
o J
Lo f,.>0. (6)
. 1]
3=1
“ve o x  1s characterized by means of "c" numbers in the [0,1]-interval,
“he membership function of the i-th basic fuzzy set Xi can be obtained by the

rpolation of the i-th row of the partition matrix.The most""plausible"
e v of clusters can be determined by finding the extremalvalue of an index

custering(e.g. partition coefficient,partition entropy,cf.[17] ).

i

ALGORITHM FOR CONSTRUCTING THE FUZZY RELATIONAL MODEL OF THE SYSTEM

Hearing in mind the results of the previous section we shall propose the
ol.owing algorithm leading to the construction of the fuzzy relational model

system.

clect fuzzy(nonfuzzy) input-output data;

.Fertorm clustering of the data and construct the basic fuzzy sets;
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.bExoress all the data collected in terms of the basic fuzzy sets;

1w the structure of the model;

“wculate the fuzzy relation R of the equation minimizing a given performance

t rhe model obtained against the collected empirical data.
"he cresented scheme forms the general framework of an identification procedure
nocuznzy systems .The details should be specified according to the concrete system
mee=r consideration.Some numerical results obtained with this algorithm will

g8 esented in more detail in the next section.

HOMERTCAL TLLUSTRATION

The l1dentification procedure will be applied to the gas furnace data
w.x and Jenkinsl 2) .This data set is well known and is frequently used
standard test for identification algorithms.Tt consists of 296 pairs of
nrnt -sutput observations where the input is the gas flow rate into the furnace
e =2 output is the concentration of CO2 in the exhaust gases.The sampling
rteryval o is equal to 9 seconds.The first step of the identification procedure
zstablish the basic fuzzy sets defined on the input and output spaces.
te puzzy c-MEANS [ 1]was used as the clustering technique and the results of
e clustering for ci::co=5(ci and co stand for the number of the basic fuzzy

¢t fixed on the input and output space) are shown in Fig.l1.
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"¢ i .The basic fmzzy sets defined on the output space
e cyoes of fuzzy relational equations are taken into account,
e <-min equation of the first order

X =U °oX, ©oR 7

k+1 "k-1 "k )
mex-nrod equation of the first order

X =U *X *R. 8

k+1 k-1 "k (8)

- L XP+1 are fuzzy sets expressed on input and output spaces respectively

"ne membership functions calculated by means of the basic fuzzy sets; <1

ttancis for the delay(r20) between input and output.

The izey relation R is calculated from the formula,



_ n-1
R T X ) ®

k=1+1
. stands for the cartesian product of the respective fuzzy sets,n denotes

smber of elements in the collected data set .The cartesian product is treated

~roing to the composition operator applied and therefore,

¢+ max-min composition "x" 1is treated as the minimum operator,

max-prod composition "x" is treated as the product operator.

warformance index Q we want to minimize takes the form,

n-1
(10)

0= Top (X X q)s

k=1+1
is the Euclidean distance between Xk+1 calculated via Eq. (7) (or(8))

from the collection of fuzzy sets.
The walues of @ are displayed in Fig. 2.
i+ .~ obvious that the max-prod composition operator is preferred with 1 =2.
e wzzy relation R can be treated as a collection of implication statements

the values of the possibility measure assigned to them,e.g.

BRI R is (I, and X, is X. then i =
k-~ i k 3 Xk+1 S Xm) Aijm (11)

The sot of linguistic rules (11) can be rewritten in a more compact way in
s Torm of a matrix with the entries,

X ‘e

1 X2 . XC
( ©
1 1X,,)
XNV

910y mne index {is taken from the relationship,

max A, . —A,_z
léméco tme 1)
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~inguistic model derived from the Box-Jenkins data can be summarized

e matrix,
Y
1 X2 X3 X4 X5
“ — — X5 X4 X5
0.92 0.76 0.98
! ! —
2 X3 X3 X4 XS
0.73 0.82 0.92 0.95
{
, X2 K2 X3 X4 X5
0.49 0.89 0.99 0.98 0.99
f
. ¥1 X2 X3 X4 X
0.79 0.96 0.81 0.69 0.13
i X X X —— —_—
> 0o} 0.94 0.97

‘enotes that the greatest value of the measure of possibility does not
27 JJ10) .
s of a centre of gravity method enables us to transform this linguistic

wrotlon of the system into a numerical description,see Fig.3.
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