115

TAVDLING FUZZINESS AND RAVDOMEESS IN FUZZY RELAT JONAL
MODELS

Witold Pedrycz
Department of Automatic Control and Comp.Sci,
Silesian Technical University

.

44-100 Gliwice,Poland

.

Abs=ract We deal with a class of fuzzy models using fuzzy relation
squations that enable us to handle fuzziness and randomness
unique manner,A-factor of randomness is put as an under-

a
lying structure of the fuzzy equation of the model.

by 21l iminaries

it is evident that fuzziness,as handled by fuzzy set theory,is
related with aspects of uncertainty that appear in categories of 1ll-
~defined apbiguous concepts.Contrary to it probabilistic form of un-
~epte intv is directly dedicated to description of occurrence or non-
neenrrence of well defined events.In human activity,for instance in
Ao ¢ ianenaling,both factors are present.Consider for example the fol-
‘awine ztatement,

it in few weeks we can expect a warm season,

itoceesdra judgement that is formulated with the aid of subjective

and v ective forms of uncertainty The phenomen being a subject of this

‘*?f@hﬁ,is in a certain sense individual one.lMoreover there are also =
cor o oant data,mainly numprjcal that may be performed in a framework cof

3

et itity uheory.ﬂhls is also true in medical diagnosis.Usually there

L~ iet o memarkable amount of data/past records of patients/ which re-
&7 i - nnlstienships hetween symptoms and diseases/correlation cneffi-

~ient s wocpegssion lines ete./.Vevertheless every situation/a patient

* i
o "t = elirician/should he treated as a unique one with some 1inks
! ahilisgtic layer.

nirn of the paper is to propose a form of the fuzzy model which

e eee oo e handle both sources of information/viz,fuzzy and probahi-

o advanced theory and methods of furmzpy relation equations

v rale in gystem 1ndelling,e.n. (2-5) we follow this way intro-

dop e meveral simmificant andifications.dWe apply state approach to
e concise presentation we will play with discrete

~ 7 cantrol/inntut/ and st-te,W:{u1,u2,...,uhL X&{Xﬁ,xz,...,xpl
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ey et relations

27 1 ips between input and state viewed as
~sta are describted by discrete-time fuzzy relation equation of

Che 0wzt amder,
0, ,9=U, 0%, 0R, /1
L€ L% €T (D), neR(U R ¥ *F) ,k=0,1,2,... .
R Aegsecxript ion
iertioned ahtove the relationships between state and control
im0 eeete Yime momente are handled by means of fuzzy relation equa-
e lisrenvor we have at our dispesal some probabilistic characteri-
fam o7 tho svgtem under considerationghey are given in the form of

rohatilities of the triples(uy,x ,yi),ulew )X 527 5 €¥ ,

b /2 !
AV .9 XU
L(“l’ 39 1) ’ | /</
E ) ~r 1 /z
i —’p yi’ﬂ"“,ul /,,)/

A v
] (‘ § -

sot efied,Conditional probhahilities p(yilxj,ui)express a gtrensth

oo Totween the respective elements of ¥ and ¥x U/strensth of

irava b o Tetween regpective pairs(gj,ul)and v. / and they zre calcu-
4
Totest meenedive to obvious formuls,

p(yi,xj,uﬁ
p(yjlxi,uiz . /4/
P (XJ ’ul)

.

ot (#.,uq) Peine asrein probability function ,p(Xi,u z p ,X uﬂ
o o

et ot the furzy relation equation embrasses a knowledse about be-

~

hovinny o0 the gystem in"global'-we know how fuzzy labels are related
“eester Trobabilistic knowledse rives us an impression about"local'’
Arherocter of relationships betweer discrete values of the universes of
drerovvee, It allows us to have any insisht into the structure of depen-

4

Aorriece hetween elements in statistical sense.The two sources of in-

ferma© fon that take part in construction of the fuzzy model are shown

o
aa el lows

Tuzzy pieces of evidence
jconcerned with the system

~ecnrds of the
sveterm behoviour T JAlgorithm of mode
corstruction
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~nr Yine them in such a way that the probabilistic characteristics
Permo ooy underlying structure of the fuzzy equation of the model ,Take
cemneaifion of fuzzy-sets and relation which is performed with reserd
te thece elements of U and ¥ that have "enoush strong'"probabilistic ties.
Pia "radg to the following mndification of max-min componsition,
G (v g) =max [ Uk(ul)AXk(X th (uy ' X5 ,yi)] /5/
ulew,xjex :p(yilxj,ul)ab
v.€¥ ,A=min., "b" denotes a threshold level eliminating elements of
WQY that are not strongly tied with the specified element of the spa-
re nT state ¥ ,bG[O,1] Jlisher values of "b" imply stroncer influence
~f the probabilistic layer on the model discussed.For bt=0,0 this layer
i ne lected,For this modificatior we use the following notaticen,
T e q _(U ]\) ° R, /G/
the woed index"p" underllnes the imposed probabilistic structure,

et

us introduce a2 Boolean relaticn defined pointwise as

1,18 ply;hg, )0

(u'! ’ ’ler) [T/
O,otherwise '
It nakes it possible to rewrite/5/ as equal to,
4, (5 ) _max[U (u)AX (x JAR (u »X s ¥ DA B(u,x ,y.;b)] Jof
- L ¢ 1 1 i
: 62} u €t
:‘/y ,GI.
Sz tends to notation,
£ U.0X.)e R =(U :
1400208 R = (U eX ok o R /5/
Itolg worthwile to mention that the fuzzy set Xk+1 is indexed by the
valics of the threshold level "b" ,,One has a straightforward expression,

B Xk+1(b1~)) X . 4(by) ,where X, .4 (bddenotes the fuzzy set
wgulting from/8/ for the fixed value of the threshold level.

ZJon il culat ion of %t he fuzzy relation
> £ t h e model

b
R

the very besinning introduce notation,

R { rer(rez=n) | vexor-x ¥ . /10/
oannhsg p?ﬂv“dmd a way of solv1nw the fuzzy equation with the respect
Leoonre Taezy relation R,
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Poopoocition 1 ot [5].

LYJR; #7 ihen Rk ﬂmaxJRk,

A

R, = (U2 %K, , | /11/

N L{L,(ul,x. y )= (L (u)AX, (X »“"Xkﬂ(yi)' /12/
LaeR, henJ{k

Wiy orp et us consider vhe set of equations

L'ko}(koR = Xy, qrk=1,2,...,K, /13/

e pwr;hlon <

3 .
1 MR ¢ tren RER, for all k=1,2,...,K,

K
101((Uk°xk)@ eiq). /14/

“nid propogition has a direct aprnlication in determination of th

ez oceiation of the fuzzy model when a collection of fuzzy data is

R Af) X'f_ /15/

U g Loy

~te ~ly that the fuzzy relation R computed according to /14/ requires

wtinteovion of the assumption that is hard to expect.One has to pay

Sitorsicn trhat randomness,even it happens with the fuzzy data,has not
into account while solving the equation.It is of interest

ic sets lead to a certain weak. assumption [2]6
4 ~lue point of determinatiocn of the model relation lies in fact

layer helps to eliminate some inconsistent fuzzy

respect to the statistical knowledse of th

4]

ation of the fuzzy relation comes accordins to a seguence

valueg of "hh,
~
el e 1!/ai1 the clemente of the relation are egqual to 1/,
Leivie @-composition of T, eX  and Xy, 1 and check whether
e 2 2 ((dkOXQZQA P =X /16/

A A .
e oveymeaily R ftaling intersection of the previous R and(UkoXk)g;Kk+1,
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Yo L, k=k4t, 10 k€K o to %,ntherwise stop. »
I
i e threshold level "o" is chosen in order to minimize
10T Wy
o= dl.eX.)e R,X. farer /
‘ Z, 1(((” 0% Ry yq) .
*nr any distance measure 1 between the fuzzy cets.
Dve e, i gimmle rumerical example explains the basic idea pronosed.
“anai e +ha Tinolean data set with frequencies of occurrence/nk/,
ne Xk Yk n
1 0 0 1 1
1 0 1 0 N
5 0 1 1 0 1
4 0 1 0 1 N

This ‘mplies the fuzzy model of the structure,

Y= £ g R . /18/
Galejation of a matrix of conditional probabilities yields,
T N 1] _

N+1 N+ 1 D P

: 1 2

- Doyl <t - [

1 N Py Py

| N+1 N+1
Tre preoposed alsgorithm gives us the following results,
0 0
P
t<p R = ] Q=2 (+1)

“ 0 0
10
0 1

The proper value of the threshold level higher then Dy eliminates the

sutset of data set/no.1 and 3/,as inconsistent with the probabilistic
layer,
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