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Abstract: This paper introduces a method of approzimate inference which
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immediate properties.
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1. Introduction

Approximate reasoning is, imformally speaking, as I. B. Turksen says in ([3]),
the process or processes by which a possible imprecise conclusion is deduced from
a collection of imprecise premises.

Our objetive in this paper is, parting from a collection of imprecise premises,
represented by intuitionistic fuzzy sets, and from their corresponding imprecise
conclusions, also represented by intuitionistic fuzzy sets, to provide a method of
inference by which it is possible to obtain from any one imprecise premise its

corresponding imprecise conclusion, being both represented by intuitionistic fuzzy
sets.

That is, the problem (1) of approximate inference in our particular case, will
be represented in the following way:
Let’s consider the following sequence
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If A; then By or
If A, then B; or

If A, then B,
where A; are intuitionistic fuzzy sets on a non-empty set X, B; are intuitionistic
fuzzy sets on a non-empty set Y and ¢z = 1,2,--- ,n. For an arbitrary intuitionistic
fuzzy set on X, A, a method is provided that generates its corresponding

intuitionistic fuzzy set B on Y. We shall represent this method symbolically as
follows: MAI-IFSs(A)=B.

It is clear that the method we present operates with intuitionistic fuzzy sets,
for this reason we start the paper offering the definition of an intuitionistic fuzzy
set and a brief summary of its most important properties.

2. Some definitions on Intuitionistic fuzzy sets

An intuitionistic fuzzy set ([1]) in X is an expression A given by
A={<z,pa(z),va(z) > |z € X}, where
HA X — [O, 1]
vg : X —[0,1]
with the condition 0 < pg(z)+va(z)<1 forallz € X
Numbers pa(z) and va(xz) denote respectively the degree of membership
and the degree of nonmembership of element z to set A. We will denote with
IFSs(X) the set of all the intuitionistic fuzzy sets on X. We shall say that
an intuitionistic fuzzy set A is normal if there is at least one ¢ € X such that
pa(z) = 1. In this paper we shall use exclusively normal intuitionistic fuzzy sets.
The following expressions are defined in ([1]),([2]) for all A,B € X
A < Bif and only if pa(z) < up(z) & va(z) >vpg(r) Vee X
A < Bif and only if pa(z) < up(z) & va(z) <vp(z) Vee X
A=Bifandonlyif A<B & B<A
A, ={< z,va(z),pa(z) > |z € X}
AV B = {< z,max(pa(z), ps(z)), min(va(z),ve(z)) > |z € X}
ANAB = {< z,min(pua(z),pp(z)), max(va(z),ve(z)) > |z € X}
The operations 5 and 6 are easily generalizable to the case of n intuitionistic
fuzzy sets.
Let A € IFSs(X) and B € IFSs(Y'), we shall call the intuitionistic fuzzy set
given by
AXB = {< (.’E, y)’ /‘AxB(xa y)’ VAXB('T’ y) > l(.’L‘, y) € X X Y} where

AR o
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paxp(z,y) = min(pa(2), pp(y))

vaxB(z,y) = max(va(z), vB(y))
cartesian product of A and B and we will denote it with A x B.
Let A,B€ IFSs(X)and C € IFSs(Y), set Ao (B x C) € IFSs(Y) is given

as follows

Hao(BxC)(y) = max [min (#A(w),min(ﬂa(w), /tc(y))>]

s roe(v) = i wa(e) max(vi (), ve(w)) |

Definition 1. Let’s consider normal A, B € IFSs(X). We shall call the following
element of [0,1] x [0,1] the degree of compatibility between A and B

r(4,3) = (‘meg(minia(e), (), mig(men(va() va() )

The most important properties of this measure are the following:
1- I'(4,A) = (1,0), for all normal A € IFSs(X).
2- For all normal A, B € IFSs(X), I'(A, B) = T'(B, A).

3-I'(4,B) =(0,1) & min(pa(z),up(z)) =0 and max(va(z),vp(z)) =1 for all
z € X.

We will now present a method of construction of intuitionistic fuzzy sets on
the referential Y from two intuitionistic fuzzy sets on the referential X.

For each A;, A; € IFSs(X) the set 7 = {< y, ugii(y), vaii(y) > |y € Y}
with
T(Ai, A5) = (keii (y), veii (y)) that is

peii(y) = rznetg}g(min(um(w), pa;()))
vesi (y) = min(max(va,(z), va, (z)))

is an intuitionistic fuzzy set on Y. We can point out that set ®*7 constructed in
this way is such that pgi.j(y) = const and vg:;j(y) = const, for all y € Y.

Let "/ € IFSs(Y) be the intuitionistic fuzzy set constructed above and let
B be any intuitionistic fuzzy set on Y we define the operation * between both as
follows:

Definition 2. &'/ x B = {< y,min(pq,e,j(y),uB(y)),max(yq,a,j(y),VB(y))>

ly € Y'}. Evidently ®*7 x B € IFSs(Y).
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3. Method for inference in approximate reasoning based on normal IFSs

In these conditions, in the problem (1) stated in the introduction set B €
IFSs(Y) such that MAI — IFSs(A) = B, is obtained by means of the two
following steps:

1.- The degree of compatibility of A with each of the A; € IFSs(X) is
determined in a consecutive way. We shall denote I'(A;, A) withI’;, ¢ = 1,2,--- | n.
Next for each T; the set & = {< y,uei(y),vsi(y) > |y € Y} is constructed

similarly to how ®"/ was calculated. After, for each i = 1,2,--- ,n the sets ®* * B;

are calculated.
n .
2.- B is generated in the following way B = \/ (®* * B;).
i=1

4. First characteristics of MAI-IFSs

a) If A € IFSs(X) coincides with A; € IFSs(X), then I'; = (1,0) therefore
(I)i * B,‘ = B,’

b) If for any A;, I'; = (0,1) then B; = {< y,0,1 > [y € Y}

c) fA;NA; ={<y,0,1>]|ye Y} foralli,j =1,2,--- ,n with ¢ # j then
MAI — IFSs(A;) = B; for all i.

d) Theorem 1.

B=4o [\n/(Ai x Bi)}

=1

Proof. We just need to use the following property of the t-conorm max and of
the t-norm min ([2])

V (’\ (Y (/\(#A.-(x),uA(x)), uB,-(y))) =

1=1,2,---,n

V(A Y (reaternno))

i=1,2,,n

and the same for the non-membership function. [J

This property is not verified when the intuitionistic fuzzy sets are not normal,
in this case it is necessary to use another degree of compatibility.
e) If in the method presented we use fuzzy sets instead of intuitionistic fuzzy sets,

set B is obtained by B= Ao [V (A; x B,-)], therefore, MAI with fuzzy sets is a
i=1
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special case of MAI-IFSs for ordinary fuzzy sets under the additional assumption of
normality of fuzzy sets A;, B;,1 = 1,2,--- ,n operates in the same way as Zadeh’s
compositional rule of inference when cartesian product is defined by min-operator

([4)
5. Future research

In this paper we present a very specific method of inference, in the one-
dimensional case and for normal intuitionistic fuzzy sets. Nevertheless, it is only a
first step in the generalization of approximate reasoning for general IF'Ss, as well
as in the construction of other methods that allow us to compare some to others.
We also intend to study the possible measures of compatibility in the setting of
the relations between fuzzy and intuitionistic fuzzy, and their application to the
methods of approximate inference for the multi-dimensional case with IF'Ss. We
will study the effectiveness of the computer representation of these methods. At
this moment we have numerical examples with this method.
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