FUZZY SETS HELP UNDERSTAND CRISP DECISION THEORY
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1. Motivation. Fuzzy constructions too often have no
influence on crisp prototypes. The desirable interaction

should be mutual - say, CRISP —feneralization ,pyz7y

explanat ion, new concepts
Below, several examples of this kind within the frame
of decision theory with binary relations are demonstrated
(R is [crisp or fuzzy] antireflexive binary preference
relation JBR) on a finite set X of alternatives).

2. Rationality concepts. Crisp choice rules with BRs
are based on “rationality concepts” (RC) p(R):?x—:»{o,l},
yielding “multifold choice” ﬂc(p,R)=p(R)"(l) 1

Alﬁebraic formulas of three basic RC's [3-6] are as
follows(ZEX is rational iif <Formula>) :

R-non-domination lndmt(ndence Domination

Name
Denotation A (R)(2) A, A_:,( R(2Z)

DI & L) N . - dalm :
§ D composition law - Dboolean progucﬂ.

H:( n)=(ﬁon—d%creaslng boolean polynoms p(4..A,.A )}
This family of RC's is free distributive lattice with
three generators (D,.), containing 18 ___ decision
Momative Tamily "HeCTE " Many | of il knoun < chotce
rules are included in T,(0): non-domination ND - A AA;
von Neumann - Morgenstern solution NMS - A AA;;
game-theoretical kernel GTK A AAAA,, GOCHA [7] - A,.
H,( |8) contains RC A, underlying GETCHA rule [7].

3. Fuzzy decision procedures. Optimal solutions. Fuzzy
generalization of RC is fuzzy decision procedure FDP
[3.5,6] p:s&xz)——ﬁ(?)m, MR being fuzzy level 2
subset of X. Fuzzy versions of A, depend on fuzzy inclu-

1
ion i d ition | = a,a) ;
sion inc and composition law o ("Ai(R)(a) Hync( Rea,a)

qu(R)(a)=uim(R@a,5) etc.). TMy(e,inc) is defined as in

crisp case. “Truth set” ﬂc(p,R) is changed for optimal

| . .
solution - y(p:R) =k gy (Hp(Ry)+ Hp(RY=, gy ) PRUR (D)
4. Comparative study of choice rules. Suppose inc=lg
is Dienes inclusion. Fuzzy ND rule p=(A1AAz)(n,l5) has



optimal solution :‘)i(p,R)=[0,xND(R o)], containing €°xy
>

with any ZGND(R>°) and arbitrarily small € as well as
ND(R,q) itself. Similarly, 18 of 18 choice rules in
x(0,inc) (lnce{ls,S} [2]) induce no coniident crisp
choice). Only NMS and GTK yield ”meanmgful" fuzzy solu—

tions [3,4], for NMS p=A A, 73i(p,R)i % M xK,xKVp, =1
(=" (pR>VZ;  X'=(KENMS(R,y /9 Iy gy (g0 =t")).  So,

optimal solution is collection of fuzzy dichotomies
[e*.1/7K+{0, 5")VK , providing stable guaranteed

resolvability p*-fi">0, in contrast with ND-case.
5. Adj —_crisp_cholce. When applied to crisp

relations, FDPs often change dichotomy chosen/rejected
to trlangulatlon chosen/uncertain/rejected. Thus, with
GETCHA rationality concept [7] p=A, |n,l ), trlangulatlon

is T7=(Z\R|BZ, ZInR|8Z, Z} (ZeD (p,R)); so, FDPs “automa-

tlcally" turn boolean logic into the three-valued on
Producing new &!g rules. “Exact fuzzy NMS” (4]

p=( AzaAa)(u,C), wi( p,R)={a |Roa=a) introduces new crisp
ranking concept - “dipole decomposition”, that is, a par-
tition 38=(Z,,Z,,L)T of the support X, satisfying the

system of equations: RDZ:=Z;, R'lnz:c u‘zg and being

the generalization of von Neumann - Morgenstern solution.
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