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. organization [1], one uses simultaneously several external criteria, which, in formalized form,

UDC 519.6:621.501.72

Linguistic Decision-Making Methods in Multicriterial
Selection of Models

V.B. SILOV AND D.V. VILENCHIK

(Sevastopol Machine-Manufacturing Institute)

Questions are considered of choosing the best model in GMDH algorithms
using several mutually opposing external criteria. A linguistic external
criterion is proposed based on the theory of fuzzy sets and fuzzy measures.
The best model is chosen according to the maximum of the measure of close-
ness to the best "Utopian' model.

k % %

To ensure high noise immunity in the synthesis of models by the methods of inductive self-

reflect the requirements imposed on the model being synthesized. Since these requirements may
prove contradictory, the problem arises of multicriterial choice in the field of efficient de-
cisions. The choice of the unique best model can be made only by the decision maker on the
basis of doubly pragmatic considerations. The decision maker may use his own experience, in-—
tuition, or expert estimates to give to each competing model an integral estimate: the model
is good, not very good, bad, etc. Having a system of preferences of the decision maker in the
form of a linguistic model [2], one can formalize the process of the decision maker and write
it in the form of an algorithm that is suitable for realization on a computer. The purpose of
the present article is to introduce a linguistic external criterion characterizing integrally
the quality of the models.

Statement of the problem. Suppose that we have a set of models A= {4y 4,....A,} and that

the quality of each model has been estimated for external criteria. Consequently, we are given

a set of external criteria Z= (&, .., 5) and their basis sets Xpi=1k% on which the correspond-

ing sets of linguistic variables A, j=1,k are defined. Corresponding to the values of the
linguistic variables hkjeAr characterizing the value of the j-th criterion for the k-th model
are fuzzy subsets %,E%(Xﬁ,where %Cﬁ)is the set of fuzzy subséks of the basis set Xj [2]. The
linguo-logical model of [2], characterizing the preferences of the decision maker, is given in

the form of a scheme of fuzzy reasonings of the form

then [1‘ otherwise

I cygs Cazieees €ppo

if ¢ ., ¢ s €y then U,

n1' "n2'ttt

where é,eArﬁieY,Y being the set of values of the linguistic variable characterizing the util-

ity. .
Corresponding to the value of the linguistic variables ¢;; and ¢, are the fuzzy subsets

?”eﬁ(X” and E,eg(YL where $(¥) is the set of fuzzy subsets of the basis set Y characterizing
the utility. The problem consists in determining the fuzzy utility for all models A, k=1, m,

in accordance with the chosen scheme of fuzzy reasonings, and choosing the best model accord- .
ing to the maximum of the measure of closeness to the best "Utopian" utility [2]. The fuzzy \

subset uy/e §(Y) characterizing the utility of the k-th model can be determined using the compo- :
sitional rule of -derivation {3]
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Using the properties of a fuzzy subset, we can show that

71;=U(

N ‘~7M°C~u) X uj; Ié{rﬂ}; I= {1, m}.
iel .

ied

In this expression, the maximum composition is simply the measure of the extent to which 4., is

¢y [2]. Thus,

3}

- -
Uy = U Yig,
it

where %= {(g, By Asgl} is the fuzzy set Hi of probabilities, By, ¥—10.1] is the function of mem-
bership in the fuzzy subset, “ik=A Poss(&k,|5,,); and Poss(:zk,|5”) is the measure of the possibility
led
that «w,; is ¢;p.
In the case in which the model quality is precisely described by linguistic variables, that
is, when &”-_.é-x;,EX,. we have
0, =fity (9)-8 (Fy (@) =up & Ag(FIL
where Be;; (x;): X, —[0,1] is the function of membership of ;,, in the fuzzy set.
The final choice of best model should be made on the basis of the maximum fuzzy measure of

closeness of u’k to the Utopian utility characterized by the fuzzy subset w=S(Y). In this case,

we can use the fuzzy integral [4]

Poss (&hl ! éii) = p'c” (x;i)'

where F%—(y|p,(s) >} g(+) is a fuzzy measure, and p%(y) is the membership function of Utopian
k
utility.
As g(+) we can take one of the following measures: Sugeng's measure [4], probability mea-
sure, and g, measure. When as g, we take the probability measure, the measure of closeness

takes the form
a,=sup{p . Ap,l
R vEY ”k My

The measure g, is an extension of Tsukamoto's measure [5]. The normalization condition for it
is

)= —vsup ) +v§ b dy=1

(where v>=0).
For a denumerable set Y, the normalization condition in the case of Sugeno's measure is

=3 [[Tr 4 0-1],

vey Y.

where A€(—1, + =)

The formally final solution takes the form s=a‘;ges,'ép°h' where g is the index of the best model.
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The above procedure for choosing models on the basis of the maximum of the fuzzy measure

of closeness to a hypothetical or Utopian model can be used to obtain the external linguistic
criteria also in the case of self-organization of control systems.
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