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The management of complex systems often needs the non-
“ormal reasoning on the base of intuitional subjective know-
ledse representation. During the automation of the management
such reasoning can't be described in adequate gquantitative
form., Tn narticular, there are many problems of modelling of
jecision-meking process with the following characteristics:
presence of decision-maker, importance of subjective factors,
jvriamics of subjective factors.

The solution of problems mentioned above requires suitable
mathematical models which are able to generalize fuzzy infor-
matisn to adopt to new situation. These models are capable of
improwing their performance during operation.

'n this paper an adaptive model of this type is suggested.

"he decision meking process may be described as selection
57 & particular alternative from a set of possible ones. "hen
analysing the situation possible alternatives can be mapped in
attribute space or semantic space. In semantic space an
alternative displays the attribute with certain degree. This
jegree is measured by means of scale of measurements. Well
knowrn, however, that in the most of cases human's decision are
vegualy or imprecisely defined so that the grade of attripute
i~ measured by expert very approximately.

Therefore, e method of scaling must testify the following
ronditions [1] :

1t grnuld allow for a moderate uncertainty in judgments
about crades of attribute without changing the judgment value
o the scaleg

strong changes of the judgment should be reflected in the
aporopriate variations up and down the scalej
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the results of the model should not change drastically
ny making small changes in the judgment values.
the tuzzy scale satisties the above conditions.

Definition 1. Let U be a nonempty set of empirical objects,

R_,1 (i=1T, «..,o,n) a set of relations over U,

I. £ R (the set ot real numbers), T a set of Tuzzy subset of L,
i
et R1 and Si be Ki—place relations.

(1=1,...,n) a set of relations over T.

Then a mapping M: U —%1 1s a fuzzy scale if

Rl(ul,...,uki)zsi(m(u1),...,m(uKi))

for ali i € Izsl,...,n} and (u1,...,u -) éUKi .

K5

it is clear that from relations between judgment values
or tuzzy scale we are able to draw a conclusion about empirical
relations between empirical objects as follows: empirical objects
Ugsesoyu, are in relation R it and only 1f corresponding values
m‘ui)""%m(uk.) on tuzzy scale are in relation S.

Irn oder T to tit the above problems 1into a certain
matrhematical model it seems reasonable to satisty the tollowing
concitions concerning the fuzzy scale.

Hypothesis I. If an attribute is characteriged by measurable
teature, then fuzzy scale must ensure the monotonous mapping

vetween values of teature and semantic space.
Hypothesis ll1.In the case of a finite number of elements of
Tuzzy scale neighbouring values give equal change ot grade of

attribute, 1.e. the “physical" distances of each two adjacent
ert=ments of fuzzy scale in semantic space are eoual[?,B,{].
Dependly on situation and personal perceptions ot experts
tno orade of the seme attribute can be eveluated dirferently.
When real values of features are identitied witn semantic
imare we have to find adequate form of mapping between teature
asrace (1) and semantic space (P). The mapping has to preserve
relative place of objects in semantic space.

r natural way to formaitize the concept of tuzzv mapping is
sie nhe concept of tuzzy propertyﬁﬂ .
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Derinition 2. A property p defined on an object u is a

furc<ion v (F*B);ﬂ such thet p(u)>0 1ff u has the proverty

Te®initions 1 and 2 foilow by the fact that grades of
attribute correspond an ordered set P={?(u): uéﬂ}. Consequently,
cegern element or fuzzy scale corresponds to a fuzzy subset of P.
‘cocding to Definition 1 the attribute can be interpreted as s

~ruistic veriaple whose values are $he iabels of fuzzy subsets
P. tigure 1 shows the correspondence of judgements about

redes of attribute in semantic svace and feature space.

a3

P RPigure 1

Mhen fuzzv scale are used reception of supplementary
“crmetion or change of personal entails their adjustment by
nes- s of either displacement of fuzzy scale elements or change

rareing  nl.).

“rig paver has deal with the first case only.

PORMULATION OF THE PROBLEM

Tet » rational decision choice bhe realized by meang of a
crotlactive of gtrictly unformed criteria, which can't be described
in sdeouate analyvtical form. In this case preferences gre based
ot tne tollowing linguistic statement:

"1t values of features Ugyenn,l which characterize an

=lternative ul are evaluated by terms t1i""’tni
b
, i . s . . . .
then 1~ gatisfies the j-th criterion with value tn+i 5 ",
30 ]
Everv slfernative can be described in terms of composit
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inoruiatic variable

I)z(]-_,1”...’]‘m' .I_J ),

where ] is an unary linguistic variable with a term-set

L
n’* "' nik? n+k+l

TE, wftﬁ an universal set Ui‘ and with a basic varisble Us s
LE T ST,
B *élueﬂ from a term-set tiléiTi, n+1 <i< k+n+1, vpoint out
srade ¢t criterion satistaction. Ti congists of linguistic
ve jues of linguistic variable.

2
i

cet ot values or T, is separated on two subsets:
i=m.

W, = 14 3%
‘F1“{$t1i’""tni’tn+j,i)ln+'é 3‘-'n+k}i___1

i=m
ulis ___{(t t ) 2
P n+1,i’ 7" "n+k+1,1 7 i=1 .

cnarecterizies local criteria and M2 characterizies global

1

?

criterion. N:N1UﬁM2 consists of a priori information which is
cttained from expert.

"ach t,t€, can be presented as a tuzzy point in a
sunenace of D, where D is presented as the Cartesian product
ot vesture space and criteris spaceEﬂ. In reslity, anv vaiue

by

‘eature uy hes correspondent degree of property e tence,
2'  nerines the point (p1(u1),...,pn(un)) in the semantic

srece Py Pn and it tt M, t1 is defines the fuzzy point

For un alternative u’ tne grude or global criterion

Uk
X

visfaction w(ui) is computed as:
w(ul)= r( ulotl )et
TéE Mg t'e M1

r (1)

Assume that a set of alternstives R'={u%}={ku%,...,ui)}
1o siven to the decision-msker. He chooses a set of

-

a1l - ernatives R'' trom the given setv R* : R''€ R'.
Ueing the preterence u e ud , ule~R", uJeER*\R“', it is

necessary to repiace M by some M' which confirms the above

oreference in a following wayv:
1 j i i .
wi(utyyewr (ud) Por all uleR'', W& R\ R':.
1r order to obtain a more precise cescription or fuzzyv

adur t1ve aigurlthmiﬁ] we have introduced Tollowing definitions.
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“efinition 3. TLet M:{tht},...,t;kﬂ)}, tgé TjU 0,

Lo L 1 .1 2 .z
CLUEN, “\t1""’tn’tn+j1 n+32)’ Jp& k-

2 impiies t1

)9 j1ék9 t2=(t?,oou,t

Tet 4 bte the truth-vaiue fanction. We say that t
(tercted tqéétz) if the formula

n
2. 1 0 a?
& C 2=t v Tactl40) & u(t2#0) )

Derinition 4. K n-tuple of numbers ntz(nf,...,ng) is

i3=(v%3,...,v;3) if ni det'ined

calied the mask of n-tuple v
cliows:
1, if v%j>Q.5+6,
n)=1-1, 1f O<vi3< 0.5-€, 0< € <0.5 .

O, otherwise,

Definition 5. Let u1=(u%,...,ui) and u3=(u€,...,ug) be

Two n-tunles of values of associated reatures Ugsesosl e

re 3=th feature 1s called
a) an essential feature, if p(ui)¥p(u%);
b) an &-essential feature, ir p(ui)-p(u%ﬂ>8.

o]
s & & [

Jerinition 6. A logical teature ot the table K={§

wwfi} 1g der1ined as follows:
S R A ' P By . ij
- v Ye X
R nl

W ET

t f
n &€nx, N:{n g;

D= Yor A,
qgld s f
nf | vy if nl<(L
vi-:] 1:: viJ , if ni‘) 0,
1 s 1T n{:U,

F - a logicai functoin of two variables.



134

ALGORITHM OF SOLUTION

“iock diagram or fuzzy adaptive algorithm is shown in
pizure 2, Let us descrive this algoritnm in detailed.
L. Compression of M.

n this steplall pairs (tl,ta) are analysed. If gt
wrriies t9 tnen t% is deleted.

[1. vonstruction of tables for learning.

et us consider two ciassses of pairs of alternatives:
o i .
K_]={\ul,u‘]) :ut R'', uwle R'\R"},

;f'/:{(u;),ui) . u]' an’ uJ & R'\R"}.

"arles for learning Kf, Kg are formulated when Kq,Kz have the

Toitlowing properties:
1) X #F, k#4 _ , .
)i T3 wudH<wwl) wler'r, wler'\xr.
2o walr ot alternatives (ul,ua)é§K1L)K? detines the row of
t=rle for learning
VlJ‘:(V?‘_J,...,V;J),
i3 -1, it value of feature Uy is not defined,
vy = i 3
1 T+pq (u3)=p; (uy)
2 b

otherwise.

Iher e have
T i 1+ .
T i1 i i
K?={Vg =(V% s 000 ’VJ]],;)-} .
LIT. Formation of masks.

- m
"ne set of all masks N:(h?} over K%(/Kg define possible
irex sets o 2€-essentisl features.

V. Tdentification of userul logical features.

“achn table KE (i=1,2) is separated into working and

o T
verifving tabies X2 ¥
g P Mwe My

T T ], T T NvTa of. T T
FiEa Uy, ki, Nxla o K Kiy## -
lat C}m,c1 (1=1,2) be the calculated values of logical

v.m A . . R . .
restures over K., Kiv finmx1mai admissible distinction of
! s
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MODHL
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for learning
1
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of masks of £ ,E

Tdentitica~
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Vil Formation of
estimating

Moditication I
|
l
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THNERATION
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OF ALTERNATTVES

Figure 2
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] ) )
iy i,

¢ and 7y (i=1,2), € minimal admissible distinction ot K,,K,.

"her the value of logical feature over Kg is given as tollows:

1 1
= C )
fﬁ QNA‘V

cefinition ¥. A logical feature is called an useful logical

Teature, 1f
1 <8 12152
2) A/'"-'2>‘62 ?

A ot vyel_cl 1
/ul_cw\/(’v bwACv ’

ApM =N Mo [I0Mo i
Cefinition 8. Useful logical features ¢%,...,d§ torm
= teeis of YTeatures, if either/‘f;</"5 01-/14“2L</u; ,

wheTe

el

r
+_ V - ,AF#(V) - A A @;(v); 1=1,2.
/ul Vei&i J=1 J ’ /“1 V&K; j___1 J ’

“igure 3 itlustrates the deirinitvion of vasis of teatures.

first second second firast
class class clasgs class
—— = —* A
! Ll {a PRt { f 11} | IINH ":

~ + - + -
* Mo L o M S
Mgure 3
I tne number of useful logical teatures in some pagis
-# ~inimal, then the basis is minimal basis.

A $
tnis step all useful logical teatures are identied.

A

V. Generation of alternatives.
if a preference relation obtained by means of (1) does
not coincide with a preference relaiion obtained by means of
2 Ltogical features tnen modific.tion of M is necessary.

“he =hove preferences is defined over set of alternatives which
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v rererated by trhe following wav.
Tach set t€ M can be represented as a strict point in the
verertic space. An expedience of this representation is confirmed
v *tre gecond hypothesis and unimodal membership function /ytﬂp).
tie =bove simplitfication allows to use in  the algorithm only
crerations on tuzzy sets of type 1. The algorithm which can
e with tuzzv sets of tvpe 2, has been considered in [7].
Tiements of m lT '~g1 are evenly distributed over the
erya | [1,gi]. 1n thlq casé 1 corresponds to the best value
o “:, g cgrresponds to the worst value from Ti (see Mg, 4).

T

i i
Tilermernts of Ti can be revresented as a strict point in the

44— D
e LR gl
Figure 4
"e obtain the foWlow1ng Pondltlon ot generatlon oI vairs
1 1 1

o lternatives (s ,s )y S ~’s1,...,sn), s =(s1,... n), él},gg
12
max ‘s,-s. =1 .
- i 71
i

veterming ol prererence of genersted alternatives s1,52

’)
or s ,s" the set or comparison values is comvuted asg
12 - (s 12

,o-.’ ),

3

012:1+(sz—si)/kgq—1)

\71 .x.2 e .

. " . .12 . . .
erree ot membership ot s in l-th class is given bv equa-

r

frsr- A a- R,

I

/Wiz A i.(V), 1=1,2.
1 mn 1
véEKi

”~

> Y o o
f@(s1”}>/yﬁ(s1a), then s'm g, It /%(812)€/g(s1”),then s b5
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VII. Formation and modirtication of estimating sequences
.1 2
[ o . [

Detrinition Y. Let s=(s1,.°.,sn) be an alternative.

mequence ol numbers E:(e1,...,e ) is called an estimating

n+yg+1
sequence oY g 1if:

1 } ei:Si fOI‘ 1'—'——‘1 ’ s s . ’ n

-e

?) e.=max ti tor i=n+l,...,n+k
t:(t1,...,tn+K+')eM
' T sj=tJ, J=Tyeeeqn]
7 ek 1T Pk,
. . * o0 @ ﬂ.
neks1’ a) t= (31’ "’Sn’S +1° ’Sn+k’tn+x+l)€”’

b) Fi"ei\<0¢j 9 i=n+1,...,n+l’(.

Let Eq,EZ be estimating sequence of numbers ot s1,s? and
&€ = a correction step value 4 of criterion guesgsses 1or t €M,
¥ oo 1 - ? 1 - 1 2
b +§;, 1 S0 k1S Spapeq 8nd /%(s ) <Dﬁ4(s ),
A=<X-€£,, if 1 2 124> 12
3 Snik+ 12 Sprier BRAM (s7) /\42 (s°7),

U, otherwise.
Hrom here we conclude tnat
N . ) ‘ nd 2
A>0, i1 nlege 8 s1o<s ,

A<O, 1T E'SF° and sy s°.

o . . . (-
riverion esivimates are corrected only in E ,E™.

For each local criverion a number 3; is computed:

L 1 P
1 € 2 < )
, 1f VJ T 93>-e] and 1@ pyio
- 1 a i 7z
XIL -1, 1f V]éI et e i and e .2 e .. »

ey I‘ -
7, Othewise .,

ST ]:{51""’Jns contains numbers ot Teatures which

sracterize tne 1-th locar criterion, tnat is
= ] = .- o0 : . ) . </ .é .
1 {3/3 =%, 1T EM t]¢O and tn+1t¢ , 3_\11}

.
The =modification of local crlterla 1s given by

1 .
eﬂ+izm1n{gu+L, max(1, € +8IlAl(gn+l-1)i},

2 . . p) - 1
E:“+l:mll'l {z;:n_‘_l ’ max (1 . €Bﬂ+i-—8‘-L (A\ (gI’H-l- 1) )§-

Lo omeaiticacion of global criterion 1s given by
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’ i p 1 _
eﬂ+k+'l :mll’l{gn_'_}{_‘_ . max (1, eD+K+1 +A(gn+&+1 1) )j’

- ) .
(< — - .
Craxs1™ 1n{ a1 PEXUT e T OB ey ))!

TIT. Modelcation of M.

et N 52 pe a set of «lL numvers of LiStS Irom M, Set M
Lee v tne cgnstluctlon of E1 E2 NIZ-N \ N R N21 =N \'F' .
e wnatitute M by M ,

I | Ai
M= D ”\@1"°" n+K+x) ’
, . 12 21
3; if3_¢me(jme ,

0, if p3=0,

»

3>
[

il
A

En]
€5, mrieN"
21

J
kei, if 16“

"he autnor would iike to ihank A. Averkin for varv nelptul

remarics and comments.
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