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Igor Zaslavsky started an algorithmic (constructivist) analysis
aawmmm‘“mmm' to fuzzy mathematics and fuzzy data
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Result: 'I‘wo Representations Are Not Equivalent

Definition 1. Byae—munbembipﬁmcﬂon.wemm_uawpkmdsﬁngofmwm
Adeanduﬁmcﬁonp:[A.K]—*|ﬂ.1]fnrMﬂ(A)=p(K)=o’m}xp(:)=l'
and a < b < c implies Mﬂ(b}Zmin(p{a).p(c)].

Definition 2. We say that a c-membership function (A, A, p) is computable if both real
numbers A and & are computable and the function p is compulable.

Definition 3. Byafamilyofn—cuu(oraimplya-cuu.forahon)wmmnc_
membmhipfumﬁow.wemwnapairofmsppim;=lﬂ.l]ﬂmnnd!:[o.l]_.mfw
which, for every a € [0, 1], we have {::p(z)za}=[:(a),!'(n]].

Definition 4. We say that a-cuts are computable if both mapping z and ¥ are computable.

1 First

Proposition 1. There exists ¢ computable c-membership function for which the corre
sponding a-cuts are not computable.

Proposition 2. There exist computable a-cuts for which the corresponding c-membership
Jfunction is not computable.

2 Only a-Cuts Guarantee Algorithmic Fuzzy Data Processing

Since the two representations of fuzzy are not computationally equivalent, it is desirable to
analyze which of them leads to an algorithmic fuzzy data processing. Here are the results of
this analysis: fuzzy data processing is computable for a-cuts but, in general, not computable
for membership functions.
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lefinition 5. Let py, ..., s be membership functions, and let f(z;,... +Zn) be a function,
the result of applying f to fuzzy sets juy, ..., tin, Wmmﬂmm&rahpﬁmcﬁondeﬁud
3 ﬁeformulc uly) = max min(p; (21), ..., pin(Za))-

21 oo B Y= (Bl g
sroposition 3. ﬁmm&amﬂa&kcﬂm&rs&qﬁm&mm(q)mdcmmbh
snction f(zy) for which the result u of applying f to y, is not computable,
sroposition 4. There ezists an algorithm that, given n computable families of a-cuts cor-
wsponding to the membership functions py, ..., pm and a computable function f(z,, ..., z,),
mmpmmﬂ-mhfﬁemu&#qubinutom.--..ﬂ.-

Auxiliary Result: Why min and Not Any Other And-Operation

e.mt.nﬂthepmpextytouuuﬁrt.hs“convmty"wnditxon.thatifa(b<c.thnnp(b)>
u(p(a},p(c)) Sometimes, we know that the actual value z satisfies two properties S and
" characterized by membership functions 1/(z) and 4" (z); then, the degree u(z) to which a
ummbazhmwtmtmththhinformatmnmbedumbdup(z) = fu(i(z), p"(z)).
\is reasonable to require that this combined property should also be “convex” (in the above
se).

efinition 6. A function p : R — [0,1] is called fconvex if a < b < c implies that
b) 2 min(u(a), u(c)).

efinition 7. By a generalized and-operation, we mean a function f : [0,1]x[0,1] — —[0,1]
tich satisfies the following two properties:

o foralla,d, b, andV,ifa <d andb <V, then f(a,b) < f(a', V) (monotonicity);
o for all a, we have f(a,1) = f(1,a) =a.

foposition 5. Lctf(a,b)beagmmhzedmd—aperm Then, the following two condi-
ms are equivalent to each other:

® for every two f-convez functions jf(z) and i"(z), the function u(z) = f(¥/(z), u"(z))
is also [-convez;

* f(a,b) = min(a, b).
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