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Abstract

A concept of intuitionistic fuzzy multi-dimensional set (IFMDS) is devel-
oped. New properties of IFMDSs are discussed.

Keywords: intuitionistic fuzzy sets, intuitionistic fuzzy multi-dimensional
sets.

1 Introduction

The Intuitionistic Fuzzy Sets (IFSs, see [1]) were defined as extensions of the
ordinary fuzzy sets. After this, they also were extended. The later in time of these
extensions are Intuitionistic Fuzzy Multi-Dimensional Sets (IFMDSs, see [5, 6]).
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2 Short remarks on intuitionistic fuzzy
multi-dimensional sets

Let a set F be fixed. An IFS A in E is an object of the following form:
A= {(z, pa(z), valz))|r € E},

where functions pi4 : E — [0,1] and v4 : E — [0, 1] define the degree of mem-
bership and the degree of non-membership of the element x € F, respectively,

and for every x € E:
0 <pa(z)+rva(z) <1

Let for every xz € F:
ma(z) =1— pa(r) —va(x).

Therefore, function 7 determines the degree of uncertainty.
For every two IFSs A and B a lot of relations and operations are defined (see,
e.g. [1]), the most important of which are:

ACB iff (VzxeE)(pa(z) <up(z)&va(z) > vp(x));

ADB iff BCA;

A=B iff (Vo€ E)(pale) = ppx)&va(z) = vp(z));
(

~A = {{z,va(@), pa(@))|z € EY;

AnB = {{z,min(pa(x), pup(x)),maz(va(z),vp(r)))|r € E};
AuB = {{z,maz(pa(z), pp(z)), min(va(z),vp(r)))|r € E};
AGB = {{z,(PAE)+ MB(HE)) (v A(w)ngB(SU))W € E}.

Two analogies of the topologlcal operators can be defined over the IFSs, too:
operator “closure” C' and operator “interior” I:

C(4) = {<w,sgg uA(y),ying va(y))lz € E},
I(A) = {(z, inf pa(y), supva(y))lz € E}.
ye yeE

These operators are modified to the following four operators (see [2]):

Cy(A) = {(z,K,min(l — K,va(z)))|z € E};
Cy(A) = {{z,pa(z), L)x € E};
L(A) = {(@kval))]r € E};

) = {{@min(l =1, pa(2)), |z € E},
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where K, L, k, [ are as defined above.
The weight operator W is also defined over IFSs (see [3]) by

X opaly) X va(y)
yeE yelE
card(E) ~  card(E)
where card(E) is the number of the elements of the (finite) set E.

Now, following [5], we shall introduce the concept of IFMDSs.

Let sets Z1, Zo, ..., Zy, be fixed and let for each i(1 <i < n): z; € Z,.

Let set F be fixed.

An IFS A in F is an object of the IFMDS A in F, 71, Z5, ..., Z, is an object
of the form

W(A) = {(z, )x € E},

A(Zy, Zay ooy Z) = {{x, pa(x, 21, 29, ooy 2n), A (T, 21, 22, oy 20))
() 21,29, ey 2n) € B X Z1 X Zg X ... X Zy},

where:

(@) pa(x,z1,29,...,2n) +va(x, 21,29, ..., 2n) < 1forevery (x, 21,29, ..., 2n)
eEE X1 XxZyX ... X 2y,

(b) pa(z, 21,22, ... 2n) and va(z, 21, 22, ..., 2, ) are the degrees of membership
and non-membership, respectively, of the element x € F and (21, 22, ..., 2n)
€1 X Ly X ... X Iy

For every two IFSs A and B over sets E, Z1, Zs, ..., Z,, all above relations,
operations and operators can be defined by an analogous way. For example, here
we can define the following topological operators:

Now, we shall extend the above defined operators C* and I* to the forms:

CHA(Zr, Zay .oy Z))
= {<x, SU.}Z) ILI’A(Zl7ZQ7...7Zn)<:‘U7Z17 ey Zie1, biy Zig1, ...,zn),
t; €25

inf VA(Z1,Z2,...,ZH)<$7Z17 "'7zi—17tiﬂzi+17 7Zn)>‘x € E}7
t,€Z;

I7(A(Zy, 2o, ..., Zy))

= {<$’t.i2§ ,uA(Zl,ZQ,...,Zn)(xa 21y ey Zim 1, iy Zig 1y -oe Zn),s
1

(3

sup VA(Zl7ZQ7...7Zn)<:‘U7Z17 "'7zi—17tiazi+17 7Zn)>‘x € E}
t,€Z;

Their properties are discussed in [5].
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3 Main result

In [4] some convex hull algorithms are discussed. Let, for a given IFS A, the
region obtained by one of these algorithm is marked by R(A). Therefore, R(A)
is the minimal convex region containing IFS A.

First, following [4], we shall introduce four operators acting in IF-interpreta-
tion triangle. Let the point (y, v) be given. Then

Yo () = 1
YR (1) = 1",
'VU,u(V) = V/,
Yp,u(v) = v

and R(A); V" and " are the upper and the down intersection points of the line

l:x=p
and R(A).
For ordinary IFS A the new operators have the forms:
FL(A) = {<x”7L,V(/J')’V>|x € E}’
FR(A) = {<IE,’)/R,1,(/J,),I/>|SL‘ € E}’
FU(A) = {<‘T?:U‘57U,M(V)>|‘T € E}a
I'p(A) ={(z,,7p,u(v))|z € E}.

In [6] for the fixed set A, using operators C;* and I, sequentially for each ¢
(1 < ¢ < n) we constructed the following points of the interpretation triangle:

c . C
(ni ,vi) = (sup HA(Zy,2o,..., Zn)(wvzla---vzi—lvtivzi+17---vzn)a
t,€Z;

Zn)(.%', 21y eeey Zie 1y biy Zid1y oo Zn))

I I :
</’Lz y Vi > = <t12£ HA(Zy,2,,... Zn)(xv Z1y-ees Zim1, i, Zit1y oo zn)v
1 1

SUD VA(Z,,Zs,..., Zn)(x, 21y eeey Zie s biy Zid1y oo Zn))
t,€Z;
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Therefore, the sets
C(A) = {(% uf vE)1 <i<n}

and

I(4) = ('l L <i<n)
are ordinary IFSs. Here, we use notation ““” and “i’” to denote the fact that
number ¢ (1 < ¢ < n) are components of the elements of the first and of the
second above sets, respectively, but this is not necessary and we will not use this

notation below.
Now, we shall construct other type of points that have the form

1
</’I”IL4U7 ZAU> = <W() Z /’I’A (Z1,Z2,.. ,Zn)(x Zl,...,Zi_l,ti,ZiJ,-l,...,Zn>,
t,€Z;
1
card(Z) Z VA(Zy Zoyos Z) (T3 215 w0y Zim 15 Ciy Zig 15 ooy Z0))
ti€Z;

Therefore, the set
Av(A) = {(i, 1 v 1 < i< n}

is an ordinary IFS.
Now, we can construct the sets

Avp(A) =T (Av(A4)),
Avp(A) = Tr(Av(4)),
Avy(A) =Ty (Av(A)),
Avp(A) = T'p(Av(A)),

The following assertion is valid.
Theorem 1: For each two IFMDSs A and B:

W(=Av(4)) = -W(Av(=A4)) = W(-Av(-A4)) = W (Auv(A4)).
Proof: Let the IFMDS A be given. Then we obtain sequentially
~W(=Av(A)) = =W (~{{i, i, v{")|1 < i < n})

= =W ({(i,. 1", 1)1 < i < n})
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j=1 j=1
= W(Av(A)).
The other equalities are checked analogously.

Theorem 2: For any IFS A:
I(A) C Av(A) Cc C(A).
Theorem 3: For any IFS A:

v, (A) 0
Too(A) } C Avld) C { Tup(4)

The proofs of these assertions are analogous as the above one.

4 Conclusion

The so constructed IFMDSs can have different applications. For example, they
can be used in procedures for decision making. Now, we can have a universe
of objects for estimation E' and sets of values of the estimations - 21, Zo, ..., Z,
given by the different experts. They will generate a space of values that can be
interpreted by an IFMDS in which, using, e.g. the new topological operators, we
can find the extremal values.
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The Eighth International Workshop on Intuitionistic Fuzzy Sets and
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