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1 Introduction

In [1, 2, 3], the Temporal Intuitionistic Fuzzy Sets (TIFs) were described, and in [4, 5, 6] —
the Intuitionistic Fuzzy Multi-Dimentional Sets (IFMDSs) were introduced as extensions of the
TIFSs.

Here, we will introduce new operations, specific for IFMDSs, and some of their properties
will be studied. Initially, short remarks on IFMDSs will be given.

2 Short remarks on intuitionistic fuzzy
multi-dimensional sets

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

where functions 14 : £ — [0,1] and v4 : £ — [0, 1] define the degree of membership and the
degree of non-membership of the element = € FE, respectively, and for every z € E:

0 < pa(x)+rva(z) <1
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For every two IFSs A and B a lot of relations and operations are defined (see, e.g. [2]), the
most important of which are:

ACB ifandonlyif (V&€ E)(ua(z) < pp(z)&va(z) > vg(x));

A=DB ifandonlyif (Vo€ E)(ua(x)=pup(z)&rvs(z)=rg(x));

ANB = {{x,min(pa(x), us(x)), max(va(z),ve(z)))|z € E};
AUB = {{z,max(pa(x),pp(x)), min(va(z),vg(x)))|x € E};

AaB = {(x, NA(fB)JQFﬂB(x)’ l/A(if)JQrVB(f’C)>’3j € E}.

Let
P(X) ={Y]Y € X},

where relation C is the above one.
Now, following [4], we shall introduce the concept of IFMDSs.
Let sets 71, Zs, ..., Z, be fixed and let for each i (1 < i < n):z € Z,.
Let set £ be fixed. An IFMDS A in E X Z; X Zy X ... X Z, is an object of the form

A(Zy, Zay ooy Zn) = {{x, pua(, 21, 22y ooy 20), Va2, 21, 22, oy Z0))]

(x, 21,22, 0y 2n) € E X Zy X Zy X .. X Zp},

where:

@) pa(z, 21,29, .., 2n) +va(T, 21, 29, ..., 2n) < 1 forevery (z, 21, 29, ..., 2n) € E X Z1 X Zy X
o X Ly

(b) pa(x, 21,29, ..., 2,) and va(x, 21, 29, ..., 2, ) are the degrees of membership and non-mem-
bership, respectively, of the element (x, 21, 2o, ..., 2,) € E X Z1 X Zy X ... X Z,.
3 Main result

In [4], we mentioned that for every two IFMDSs A and B in £ X Z; X Zy X ... X Z, all above
relations, operations and operators can be defined by analogy. Here, we will discuss with more
details the definitions of the operations over IFMDSs.

Really, when A(Zy, Zs, ..., Z,) and B(Zy, Zs, ..., Z,) are two IFMDSs, operations U, N and
@ have the following standard forms:

A(Z1, Zoy ... Zp) N B(Zy, Zs, ..oy Zy)
= {(z,min(pa(z, 21, 22, ..., 2n), uB(T, 21, 22, ..., 2n)), max(va(z, 21, 22, ..., Zn),
VB($,21,22,...,Zn))>’<l',21722,...,Zn> e B x Zl X Zg X ... X Zn},
A(Zy, Zay oy Zp) U B(Zy, Zay oy Zy)
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= {(z,max(pa(z, 21, 22, .., 2n), 1B(T, 21, 22, ..., 2n) ), Min(va(z, 21, 22, ..., 2n),

I/B($,2172'2,...,Zn))>|<l',21,2’2,...,Zn> EFE X Xy X ... X Zn},

A(Zy, Zy ..., Zp)QB(Zy, Zay ooy Z)

B pa(m, 21, 22, ooy 2n) + 1B (T, 21, 22, ooy 2n) VA(T, 21, 29, oy 2n) + VB(T, 21, 22, o0y 21)
- {<$7 2 Y 2 >
|(x, 21,29, ey 2n) € E X Zy X Zy X .. X Zp}.

Let the IFMDS A be defined over £ X Z] x Z x ... x Z! and IFMDS B be defined over
E x Z! x ZI x ... x Z!'. Then, these three operations have the forms:

! / / " " Z
AZ, 7y, .. Z)NB(Z], ZY, ..., Z))
= {(z, /~LA(Z1,Zé,...,Z;L)mB(Zi/,Zé’,...,Z;{)(xa 21,225 ey Zn),
VA(Z{,Zé,...,Z;l)mB(Z{’,Zg,...,Z{{)(5137 21522, e Zn))

[(x, 21, 20, ey 2n) € E X Zy X Zg X oo X Zp}y

where
<l’, ,UA(Zi,Zé,...7Z;l)ﬂB(Zi’,Z§’7...,Z;{)(wv R15 22y +uny Zn)a VA(Z{,Zé,...,Z;L)mB(Z;’,Zg,...,Z;;)(517, R15 225 +eny Zn)>

<$, min(,uA(Zi,Zé,...,Z;L)(l‘y Z15 22y vy Zn>7 NB(Z{’,ZQ’,..A,Z;{)(% Z15 22y vy Zn))7

maX(VA(Zi,Zé,.,.,Z;L)(xa 215 %25 +eny Zn); VB(Z{’,ZQ,...J;{)(L 1y B2y aeny Zn))%

if(Vi:1<i<n)(zi=z=2'eZ;=ZNZ)

(x,0,1), otherwise

A(Z{, Zé, - Z,’l) U B(Z{’7 Zé’, - Z;L’)
= {(=, /~LA(Z1,Zé,...,Z;L)UB(Zi/,Zé’,...,Z;{)(xu 21,22, -0 Zn),

VA(Z{,Zé,“.,Z;l)uB(Z{’,Zé’,...,Z;{)(xa 21522, e Zn))

(x, 21, 20, ooy 2n) € E X Zy X Zg X oo X Zp}y

where

(T, A2 2 20)OB(2Z) 2o 20) (T 215 22y oy 20)y VA(ZL 2o Z)OB(ZY 2L oo 2) (T 215 22, 4005 20))



(T, paz,2y,...20) (T, 21, 22, s Zn), VA2, 2. 20) (T3 215 225 015 20)),
if(Vi:1<i<n)(zi=z2¢€Z =2)&Fi:1<i<n)(z=z€Z —Z),
(T, 12y 2020y (T, 21, 22, ooy 20) s VB(20 20 2) (T3 215 225 oy 20)),
if(Vi:1<i<n)(zi=2'e€Z =2"&Fi:1<i<n)(z=2z2€Z!—-2),
(z, maX(NA(Z{,Zé,.,.,Z;L)(xa 21,22, 0y Zn),s MB(Z{',ZQ,...,Z{;)(JC, 21,22, 0y Zn)),
min(VA(Z{,Zé,...,Z;L)($a 21422, ey Zn)s I/B(Zigzngg)(x, 215225 oy Zn)) )

if (Vi1 <i<n)z=2z =2 €Z=2nZ)

(x,0,1),  otherwise .
! ! / 1" 1 "
= {(% KAz, z,....2,)@B(Z) ZY ..., Z1!) (L Z1y 22y +uny Zn),
VA(Z{,Zé,...,Z;L)@B(Z{’,Zé’,...,z;{)(1'7 21522, 0 Zn))
[(x, 21, 20, ey 2n) € E X Zy X Zg X oo X Zp}y
where
(T, 1a(z;, 2y 20)@B(20 2 . 2i) (T5 205 22, w0y 20 )y VA(Z 2o 20)@B(Z1 2 o 2) (T3 215 225 o0y 2n))

2,“.,Z,{,L)(xvthQa---azn)"l‘l

< Haz! ,Zé,A.A,z;z)(xvzl7227---7%) Va(z!,z)
)

if (Vi:1<i<n)(z=2€Z=2)&EBi:1<i<n)(z=2¢€Z -2

1

L21,22,00s2 v L, 21,22,0-,2 1
< :U‘B(Zilyzé/ ''''' Z;{)( 321 9R250 00y n) B(Zil’Zé/ """" Z;{)( 3219225000y n)+
’ 2 ) 2 ’

if(Vi:1<i<n)(z=2'e€eZ=2Z"N&Fi:1<i<n)(z=2z'€Z'—Z);

( BAZ!,2....20) (215220 2n) Thp g0 g0 | 211)(2,21,22,1.2n)
) 2 )

VA(Zi,ZQ,MZ;I)(xvzl7Z27---,74”)""”3(21’,25’,...,Z;L’)(957217227---1271)>
2 )

(x,0,1), otherwise .

Let us define
E* ={(z,1,0)|z € E}.



For the case of IFMDSs over E/ X 77 X Zy X ... X Z,:
P(E*> - {A(Zl, ZQ, ceey Zn) ’ A(Zl, ZQ, ceey Zn)

== {(xaluA(Zl,Zg ..... Zn)<a:7zl7227"‘72'”)71/14(21,22 ..... Zn)($,21,22,...,2n)>

| (z,21,29,...,2n) € EX Z1 X Zy X ... X Zyp}}.

Theorem. For a fixed universe F,

—_—

. (P(E*),N, E*) is a commutative monoid,;

N

(P(E*),U,0*) is a commutative monoid,;

W

. (P(E*), @) is a groupoid,
4. None of these objects is a (commutative) group.

When n = 1 and Z; = T, where T’ is a fixed set with finite number of distinct time-elements
or it is a time-interval, the IFMDS is reduced to a Temporal IFS (TIFS). It has the form

A(T) ={(z, pa(z,t),va(z,t))|(x,t) € Ex T}.
Suppose that we have two TIFSs:
AT = {(x, pa(z, ), val(z, )| (z,t) € E x T'},

and
B(T") = {(z, pp(x,t),ve(z,t))[{x,t) € ExT"},

where 7" and T" have the above sense. Then, the above operations obtain the following forms

A(T/) N B(T”) = {<.CE, IUA(T’)DB(T”) (.Z', t), VA(T/)HB(T”) (.CE, t)>|<.f13, t> ek x T},

where
(z, paannsam (@,t), vansan (2,1))
(x,min(pa(x,t'), pp(x,t")), max(va(z, t'), va(z,t"))),
B ift=t =t"cT=T'NT"
(x,0,1), otherwise.
A(T") U B(T") = {{, pacrrusan (2, 1), vaanusan (2, 1)) {2, t) € E x T},
where

(z, paryusrm (2,1), vacrusan (2, 1))
(x, pa(z,t"),va(z, 1)), ift=teT =T -T"

(x, pp(z,t"),va(x,t")), ift=t"elT=T"-1T

<x,max(uA(x,t’),uB(x,t”)),min(VA(x,t’),I/A(a:,t”))>,
ift=t=t"eT=TnNnT"

(x,0,1), otherwise.



A(THaB(T") = {{(z, paryesa)(x,t), vaaesa (z, b)) [(z,t) € E x T},
where
(z, pacrrusny (T,t), vayusan (T, 1))

(1, BAGE), Al L), ift=t T =T T

(i, 1B vall)) ift=t"eT=T"-T,

<.T, PLA(x»tl)';/"‘B(w)tN)’ VA(Ivt/)‘;VA(mftN)>’ lft — t/ — t,/ c T — T/ m Tl/;

(x,0,1), otherwise.

Operations U and N over A(7”) and B(T") coincide with these from [7].
In a next research of the authors, different operations “negation” will be introduced over
IFMDSs.

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 £ and
sets of values of the estimations - Z1, Zs, ..., Z,, given by 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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