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Abstract

This study presents a new perspective on intuitionistic fuzzy
topology through the integration of intuitionistic fuzzy real numbers
and universal sets. Using theoretical foundations and operations
developed by Atanassov and extended by Davvaz and others, we
construct a topological framework that supports generalized fuzzy
reasoning. The research introduces definitions and algebraic
structures for intuitionistic fuzzy real numbers, explores topological
convergence and continuity, and establishes their role in defining
new fuzzy functions. This framework enhances expressive power in
handling uncertainty.
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1. INTRODUCTION
Atanassov in [1], [2] defined the concept of intuitionistic fuzzy
theory and introduced new operations over the intuitionistic fuzzy
sets. Then from that time, the theories of intuitionistic fuzzy
mathematics have been developed in many applications, because the

problem in fuzzy theory is how to carry out the ordinary notions of
fuzzy theory.

Atanassov (1986), generalized the concept of the fuzzy set of Zadeh
[3], as A= {<x, Ua(X), Va(X)>: X € X}, Ua, V a are functions from X
to [0,1], and defined the degree of membership and non-membership
respectively of xe X in A (intuitionistic fuzzy subset of X), such
that;

0<SUAX)+VaAX) <1, Vu(x) =1— Ua(x).
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Rosenfeld [4] introduced the concept of fuzzy sets in the context of
group theory and formulated the notion of fuzzy subgroups of a
group.

Davvaz at el [5], [6], remarked on the absence of the intuitionistic
fuzzy universal set and this absence has a strong effect on the fuzzy
theory and intuitionistic fuzzy system.

The absence of the fuzzy universal sets watch introduced by Dib in
[7] has a strong effect on the fuzzy theory; he replaced the concept
of the universal set to define the notation of fuzzy space. The notion
of intuitionistic fuzzy universal sets has been introduced by Davvaz
et al. [8] in 2013, such that Davvaz and Karima, presented a
formulation of intuitionistic fuzzy universal sets as a direct
generalization of intuitionistic fuzzy space, such that an into
intuitionistic fuzzy universal set X*/ *! is the set of all ordered pairs
{x}xI xI,x €X, where {x} xI xI ={(x,r,s):r,s €1},
hence an intuitionistic fuzzy sub universal set is the collection of all
ordered pairs (x,u, vy )x € U, for some U, in X, and
u, and v, are subsets of 1.

We recall some definitions, which will be used in this paper:

X: for a non-empty field of real numbers R,
I: the closed interval of R,
L: the Lattice [0, 1] x [0,1], such that, if (r, ),

(sl, S5 ) are two open intervals and belong to | with partial order
introduced by

1. (r,m) <(51,8)ifr < 51,15 <
s, such thats; #0 ,s, #0,

2. (s1,52) =(0,0)ifs;=00r s, =0.

3.
In [9], Dib introduced the concept of fuzzy real number in fuzzy
space as a fuzzy element of any fuzzy subspace of fuzzy space (R, I),
It has the form (r, ur), where ur contains at least one number more
than zero. As Dib in [10], on the space of fuzzy real numbers, to
introduce the concept of a fuzzy topology, which is similar to
topology in the usual case. Dib at el [11], using the concept of fuzzy
space, they are going parallel to the ordinary case for introduce the
fuzzy functions from the fuzzy space (X, I) to the fuzzy space (Y, I)
as F =(F, fx); where F: X—=Y, fx (Vx € X) is a family of into
membership function fi: [0,1] — [0,1], satisfying the following
conditions:
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i.  fxis non-decreasing function on [0,1],

il. fx (O) = 0, and fx (1) =1

iii.
Ahmed Sedky [12], introduced a short surrey of fuzzy sets. Also, he
introduced the notions of lattice-valued topology and studied
some properties of L-fuzzy topological spaces. Zahan [13],
classified the fuzzy sets and topological spaces, and introduced the
relation between elements of them. Subhankar at el [14], used
Pythagorean fuzzy to determine the topological relation between
two spatial objects, and studied of Pythagorean fuzzy topological
spaces by introducing core, fringe, outer, regular open set, regular
closed set, double connectedness and homeomorphism in
Pythagorean fuzzy environment. Ameziane at el. [15], defined the
sequential fuzzy closure and sequential fuzzy interior of fuzzy
subsetsof [0.1].

2. INTUITIONISTIC FUZZY REAL NUMBER

The intuitionistic fuzzy universal set R '* ! replaces R (the set of
real numbers) in the fuzzy case. Therefore, the intuitionistic fuzzy
elements which in the form ({r} x I x 1) replace of r. Then in the
fuzzy case, the fuzzy real numbers are the elements of sub universal
sets of the fuzzy universal set R X! or fuzzy elements ({r}, [0,1])
of R. Then, in the fuzzy theory, we defined and introduced the
following;

Definition 1:

An intuitionistic fuzzy element of any intuitionistic fuzzy sub-
universal set U *! of R*! *! is intuitionistic fuzzy real number, i.e.,
the intuitionistic fuzzy numbers have the form (r, ur,vr), such that uy
is @ membership function and v¢ is a non-membership

function and contains at least one number more than zero. The
multiplication and the

addition of intuitionistic fuzzy real numbers are intuitionistic fuzzy
binary hyperoperations F=<F, fxy, fxy>:R**' x R*™
P*(R*"* 1), on intuitionistic fuzzy universal set R*/*! consists of
three parts as the following:

i. In the ordinary case, the intuitionistic fuzzy binary
hypeoperations (+ or ¢) on the intuitionistic fuzzy real
number R based on intuitionistic fuzzy universal set R * >
I, with the corresponding ordinary binary operation F of R
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i In the fuzzy case, the intuitionistic fuzzy binary
hyperoperation consists of the comembership functions f »
on the fuzzy universal set R *!,1=[0,1].

iii. In the intuitionistic fuzzy case, the intuitionistic fuzzy
hyperbinary operation consists of the co-membership
functions fyx, and conon-membership functions fxy, on
intuitionistic fuzzy universal setR 1% I,

In this case, a uniform comembership function and a conon-
membership function are chosen as follows:

Definition 2:

We define the intuitionistic fuzzy binary hyperoperations + =< +,
Yy, Pyy> and:=<:, ¢y, ¢Pxy >, suchthat +, : are the ordinary
operations (addition (minus) and multiplication on R), but it's not
mentioned else. Then we can consider ¥y, = ¢y = rA s and Py
=pxy =rVs.

According to the above definition, we have the following:

(o, ux, Ux) £ (Y, uy, y) = (3t £y, ux A, ux V iy),
(o, ux, Ux) = (Y, uy, Uy) = (26 2y, u Ay, ux V iy).

Remark 3.
Let Si, S2 are two intuitionistic fuzzy subsets of X, then by the
intuitionistic fuzzy hyperoperations,

(1 £52) (%) = Vpex (52(t) As2(s), 51(t) V 52(5) ),

(51:52) (%) = Vspex (51 (1) As2(s), 51(t) V 52 (5) ).
Where, x =t * s (in the first equation),

x =t : s (in the schond equatuin).

Theorem 4:

For any onto comembership function and co non-membership
function where < X, £, : > is an isomorphic intuitionistic fuzzy field
to the fuzzy real field < R *!,4,: > by the correspondence
between the intuitionistic fuzzy real number {x} x I x I and the
fuzzy real number {x} x I x I as following; {x} X I X I < {x} X
I.

Proof: The proof follows from the definition of intuitionistic fuzzy
operations.
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Lemma 5
If a = < %,Ex, aX> I b =< y; EYJ ay> and C =< Z’ EZ’ ﬁz> are
intuitionistic fuzzy real numbers, then we have;

1- a+ (b+c)=(ath) £ C,
2- a: (b:c)=(a:b):C,

3- atb=>bta,

4- a:b=b:a,

5- a:(bxc)=a:bta:c

6- (0,uxux) +a=a=a+ (0, ux u),
7- (1, Uy, ﬂx) .a=a=a. (1, Uy, Hx),
8- (-2t, ux, ux) +( 2, ux ux) = (0, ux ),
9- a (= w i) = (1, w W); ¢ # 0.

We will choose the intuitionistic fuzzy hyperoperations on
intuitionistic fuzzy universal sets as follows:

Wiy (r,s), Puy (1,5) =1 Asand Py (r,s), Oxy (1,8) =1 Vs,
where the co-membership functions of intuitionistic fuzzy addition
Yy (1,9),
@y (r,s) and conon-membership functions of intuitionistic fuzzy

multiplication Wyy(r,s), @ (r,s) =rV s as (uniform functions).

As the intuitionistic fuzzy real numbers have an inverse relative to
intuitionstic fuzzy multiplication and intuitionistic fuzzy addition.
But in general, we can choose the comembership functions ¥y , @xy

and the cononmembership functions ¥xy . @x, as uniform and non-
uniform (different) as follows:

Yy (rs)=rAs, @y (rs)=r+sand ny (r,s)=r:s, axy (r,s) =
rvs.

Since we cannot say that each intuitionistic fuzzy real numbers take
the form

<x, {0, r}, {s, 1}> such that r1, s+0, have multiplicative inverse.
Then, the relationship that is satisfied by intuitionistic fuzzy real
numbers depends on the given co-membership functions and co-
nonmembership functions.

Here in the fuzzy theory, we choose an ordinary set of natural
numbers where count a finite number of elements of intuitionistic
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fuzzy universal sets and intuitionistic fuzzy subuniversal sets using
the intuitionistic fuzzy real numbers in the form:

<x,{0,r}, {s,1}>=<n,r,s>,0<r<1,0<s<1 neNR,

Experiments are conducted to determine the number of elements in
intuitionistic fuzzy universal sets and intuitionistic fuzzy sub-
universal sets.

Let X /> ! represent an intuitionistic fuzzy universal set and let p
denote the measure defined on the closed unit interval I = [0,1].
Intuitionistic fuzzy real number ( r, I, ') is an intuitionistic fuzzy
element of the intuitionistic fuzzy universal set R %,

Example 6: If we have the numbers of balls, then it is an ordinary
subset of intuitionistic fuzzy universal set that contains some
numbers of these balls. Then some of these balls are represented by
n (a natural number) and embedded in the intuitionistic fuzzy real
numbers n !> I=<n, I, I>. However, the intuitionistic fuzzy subset
encompasses elements, which correspond with the parts of balls.

3 3
Example 7: Let {x %3 *&1 Y pe an intuitionistic fuzzy sub-
universal set, which encompasses one intuitionistic fuzzy element
as well as the intuitionistic fuzzy sub universal set {x * '}. Then

3 3
x 1031 * 21 must be defined by an intuitionistic fuzzy number and

it's less than the value associated with count x*/*!, the
intuitionistic  fuzzy element x>, contains all possible
comembership value and co-nonmembership value corresponding
to the element x in the context of intuitionistic fuzzy universal set

x*™I then that x*™! must be counted by <x,1,1>, but
3

2 <1051 X 1T must be counted by < 1, 1 [0,3/4], v [3/4, 1] > = <X,
0,1>. Therefore, the intuitionistic fuzzy element < x, A1, A2 > ; where
A1, Az are p- measurable subsets of [0,1], which must be counted by
<l,u (A1), v(A2) > if u(I)=0,v({) = 1.

3. INTUITIONISTIC FUZZY TOPOLOGY ON SPACE OF
INTUITIONISTIC FUZZY REAL NUMBER (IFRNS)

The notion of intuitionistic fuzzy topology on intuitionistic fuzzy

real numbers in this case corresponds to the used topology. Then,

by using the concept of intuitionistic fuzzy universal sets and the

family of intuitionistic fuzzy open intervals, we generate the
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intuitionistic fuzzy topology on the space of intuitionistic fuzzy real
numbers.

Remark 8: The operations on the intuitionistic fuzzy subuniversal
sets are V (supremum), and A (infimum) , but the fuzzy operations
in fuzzy universal sets are U (union) and N (intersection).

Definition 9: If R*™! s the space of an intuitionistic fuzzy
universal set, then the sets U and V are open intuitionistic fuzzy
intervals of t (the family of intuitionistic fuzzy subuniversal sets of
R*I*1 then the family T of R*/*! is called an intuitionistic fuzzy
topology on R*™! | if T satisfies the following conditions:

1. R*™>*I and ¢ are intuitionistic fuzzy subuniversal sets of t,

2. U AV, isintuitionistic fuzzy subuniversal sets of t, for two

open intuitionistic fuzzy intervals of T,

3. VUiE‘L'iUi isintv U; c 1.
Therefore, the open universal sets of the intuitionistic fuzzy
topology (R*/*!, 1) are the union and intersection of uniform
intuitionistic fuzzy sub universal sets, then
10U, {0} A F1, F2V {1}[; F1 =Uin[0,1], F1 = Ui n[0,1],
where U, Ui | F1, and F> are open intervals of the real space R.

Remark 10:

I.  For each intuitionistic fuzzy topology (R*/*!, t) depending
on the space of intuitionistic fuzzy real numbers, there is a
classical topology
Tlo,1] = Nrer T[o1]-

Il.  Since the family 7 is closed under (V arbitrary unions), and
the family t is closed under finite intersection, then it is
the family of topologies on R.

Example 11: Let R ={1,2,3}, 1= {0, R**,A; ,A, } and 1y
under finite intersection is not closed,

&= {(1, [01]),(2,{0} U ;)}
8= { (2,10} §),(3,[0,1D))}

Itisclear 7R under finite intersection is not closed.

8 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kzai3600

International Scienceand ~ VOlUMe 36 ) B kI 50 e
Technology Journal Part 2 aaall - m

Akl g glall 4 gal) Al ISTJ}\Q

http://www.doi.org/10.62341/kzai3600

Definition 12:

The intuitionistic fuzzy sub universal set is one of the open
intuitionistic fuzzy sub universal sets of a given topology and can
be written in the form

U = {x{OUFRU{L} - B = (11(x), r2(X)), F2= (s1(X), S2(X)),

X€ (a, b) > a, b €R}, such that (a, b), (ri(x), r2(x)), (s1(x), s2(x)) are
open intervals in [0,1] for all xe (a, b). Then U can be written in the
form

U=V . { x{OUFRULLY xe "}, where U™, are open intervals, and

for a given n, we have VV - U" is the form (a ,b), where U”i<%

Vn €N,
x € Ur, then
U=Up=q U{(X {0} U T maxri(x), min rz(x) [,

] max s1(x), min s2(x) [ U {1})}

= Up=1 Ui (U"i,({0} U ] max ru(x), min ra(x) [,

] maxsi(x), mins:(x) [ U {1}))

; for all xe Ui".
Then we can say that C (the intuitionistic fuzzy subuniversal set) is
closed if the complement is open, i.e., (CE f°), then the closed
interval is a closed intuitionistic fuzzy subuniversal set, and can be
written in the form C = <[a,b], {0} U [r1,r2], [s1,52] U{1} > ; where
nN<r<1 0<s1<s.

Remark 13:

I.  Anopenintuitionistic fuzzy subuniversal set and the largest
containing U is the interior of intuitionistic fuzzy
subuniversal set U, and is denoted by U°.

Il.  The closure of intuitionistic fuzzy subuniversal set U ,
denoted by ; suchthatU c .

I1l.  The sequence of simple intuitionistic fuzzy numbers
((xn»{O}VFnl ’ Fnz V{l}) -
((x9,{0}V Fyy, FyppV {1}), if every open intuitionistic
fuzzy universal set containing the intuitionistic fuzzy
((x0,{0}V Fy1, Fy2V {1}), contains all elements of this
sequence except a finite number.

IV.  For every simple intuitionistic fuzzy real number, there is a
sequence of open intuitionistic fuzzy intervals (] x, -
= xo* [ {0} U] For 1, For +- [ ] Foo- 7, Foot - [U{1});

where 0<Fo; -~ For+=<1and 0<Fo -, Fort - < 1,
(for sufficiently large n ).
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Theorem 14:
If Un(X) =] x, , {0} U Fn, FroU {1}[ are (IFRNSs), then the
sequence of Un(x) is converges to < x,, {0,Fo1}, { Fo2,1} > = Uo (X)
(simple intuitionistic fuzzy subuniversal set) by convergent
sequence iff the sequence for every xo , Xn € R, where (Xn = Xo , Fn1
—For, Fn2 = Fo2),

Then, by using the above theorem, we get algebra properties
of the convergent sequences of Un (x), as follows;

If Un (X) — Uo (X), Un (y) — Uo (), then we have,
<Xn, {0} U tna(x), n2(X) U {1}> + <yn, {0} Usn1(y), Sna(y) U {1}>
— <Xo, {01 r01(X0)}1 { rOZ(XO)’l} >+< Yo, {01801(y0)}1 {SOZ(yO), 1}

>

And

<Xn, {0} U rm1(x), rmz(x) U {1}>: < yn, {0} Usn1(y), sn2(y), U {1}>
—> <Xo, {0! r01(X0)}! { rOZ(XO)’l} >l <y0! {01501(y0)}! {SOZ(yO), 1} >,
<Xn, {0} U rm1(x), rmz(x) U {1}>/ <yn, {0} Usni(y), sn2(y), U {1}>
— < Xo, {O’ r01(X0)}1 { rOZ(XO)’l} >/ <y0! {0’801(y0)}1 {SOZ(yO), 1} >
; Yn#0, Yo#0 .

However, if we have ] xn, {0} U {rn}, {sn} U {1} [ — ] X0, {0, ro1},
{So1, 1} [ and

1ym, {0} U {rm}, {sm} U{1} [ 1Yo, {O,ro2}, {So2, 1} [; 0 <ri <1,
0<si<1,

then, we have the intuitionistic fuzzy sequences as follows:

1%n, {0} U{r}, {sn} U {1} [+]1¥n, {0} U {rm}, {sm} U {1}

= 1%+ Ym, {0} U fom (. ), fm (S, 5m) U {1} [

— ] Xo * Yo [, {0} U znm (rol, roz), ?nm (501, 502) U {1} [
and

[

] Xn, {O} U{rn}, {Sn} U {1} [ . ] Ym, {0} U {rm} ) {Sm} U {1}

=] Xn: ym, {0} Uf nm (n, fm), Jnm (Sn,sm) U {1} [

— ] Xo: VYo, {0} U fnm (roz, ro2), Jnm (So1,S02) U {1} [
The sequences are convergent if

Fry (6o, ), oy (5n Sm), W xy (P, Tim), iy (50, Sm).

are continuous functions on [0,1] and R:

10 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kzai3600

International Scienceand ~ VOlume 36 ) Tl p bl Al g

Imtrwaational beimrs mad Taviasiags demraal

ﬁ::ﬁ{d‘lﬁm‘ Part 2 aaal I S T J %

http://www.doi.org/10.62341/kzai3600

Definition 15:

If U = {<x, Ux, x> ; X€ Uo } is an intuitionistic fuzzy sub-
universal set, then the point Uo= < Xo, {0,ro}, {S0,1} > is called a
limit point of U if there is a sequence of simple intuitionistic fuzzy
numbers

<Xn, {0} U {rn}, {sn} U {1}> in U, thatis xn € Uo, I'n, Sn S Uy, 0<
rh<1,0<Sp l,asthat U converges to Uo.

Definition 16:
An intuitionistic fuzzy sub universal set U of intuitionistic fuzzy real
number RXOIX0 s said to be a compact intuitionistic fuzzy sub-
universal set if for every open covering of U, there exists a finite
sub-covering.

Remark 17:
1- Every closed intuitionistic fuzzy interval contains all limit
points,
2- Every different intuitionistic fuzzy points «;, <, ... ... exist

closed intervals Cy ; o; € Cg, ;1 =1,2and Co, N Co2= @,
3- For each bounded sequence of simple intuitionistic fuzzy
real numbers (IFRNs), there exists a convergent sub
sequence,
4- Each closed, bounded intuitionistic fuzzy interval is
compact.

5- Every intuitionistic fuzzy sub universal set is compact if
every sequence of intuitionistic fuzzy real numbers has a
convergent sub sequence.

Definition 18:

If the simple intuitionistic fuzzy real numbers are in the form, xy*
[0.m]><[Sn, 11 'then the sequence of intuitionistic fuzzy real numbers is
converges to the limit point of intuitionistic fuzzy subuniversal set
Xot0roP 0.1} if for every xot0vordeol} g x {0rop{sol} there exists a
sequence of simple intuitionistic fuzzy numbers Xy " * ** € X"
[0mp{sni}and it converges to Xotovordeol}

Then, directly from this definition we set the following;

Theorem 19:
The sequence of intuitionistic fuzzy counting the numbers in the
form, Xy <™ converges to Xo " *%° & Xn = Xo, Yn = Ty, “n — So.
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4. CONTINUITY OF INTUITIONISTIC FUzZZY
FUNCTIONS
Davvaz et al. (2013) defined the concept of intuitionistic fuzzy

function on an intuitionistic fuzzy universal set X*[011*[01] ag:
F: x0Ux0A » x x[0x[0.4 , x x[0.1]x[01],

with co-membership functions [y and conon-membership
functions fxy satisfying:

1= fxy (r,8)# 0if r# 0,5% 0and fuy (W,2) # 1 if w# 1,z 1.
2- fxyand fxy are onto. That is, fxy ([0,1] x [0,1]) = [0,1] and
fxy(I x 1)=1.

Definition 20:
The intuitionistic fuzzy functions

E=<F, fuy, fry>: X700 5 xx0Ux01 _ xx01x[01]
are continuous intuitionistic fuzzy functions if F* (O) is open
intuitionistic fuzzy sub universal set (O is an open intuitionistic
fuzzy subuniversal set of X [0Hx[01]

Fl(v;o) =V;FY0;); Xis the field of real numbers. Then we
introduce that the intuitionistic fuzzy functions F are continuous if
for any open intuitionistic fuzzy interval F ! is an open intuitionistic
fuzzy sub universal set.

Theorem 21:

The intuitionistic fuzzy function E = <F, fxy, fxy>:X*' x X
* <1 x*I <1 js continuous intuitionistic fuzzy function iff F : X x
X — Xis ordinarily continuous and co-membership function fxy(r,s)

and conon-membership function ]_fxy (r, s) are continuous in X, r and
s, foreveryr, s € [0,1] and x belong to X ( the field of real numbers).

Proof:=
(i) =: If we have an intuitionistic fuzzy point (X0, {0,r}, {s,1}) in
X x| x| 1 and
F=<F, fxy, fry>: X1 x X*P! 5 x> js intuitionistic
fuzzy ope_ration and its continuous intuitionistic fuzzy function,
such that the intuitionistic fuzzy point has the image

< E(Xo,yo), {0} szoyo (ro1,S01), ]_cxoyo (ro2,502) V. {1} >.
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Let 0 < froyo< 1,0< fropo <1and <1, 82> isan intuitionistic
fuzzy number, where 51, € R* i.e., 1, & 2are real numbers,
0<d:1< ixo yo (ro1,501) < fxoyo (Fo2,S02) < 1- 82, and let

Sl:< E(XO’ yo) -0 L=< E(XO’ yO) +9 1, fxoyo (XO’ yo) -9 2,fx0y0 (XO! yo)
+ 8, > is an intuitionistic fuzzy point. Then F ™ ('s1) is an open
intuitionistic fuzzy sub universal set, and contains of the
intuitionistic fuzzy point < Xo, {0,o}, {S0,1}> € X! hence there
exists the form <e1, £2>, suchthat F (s1) contains the intuitionistic
fuzzy open interval S, that is,

E (s2) € Sy, then for any; X€ (Xo - €1, Yo + €1) ;

S2=(Xo- &1, %o + €1, €1 — €2, €1+ €2),

F((Xo-e1,Yot+e1) ) < F(E(X0)-81, F(yo) +81),

]_ny( (Eo — &2, &, t 82)) c (ixo yo (So) - Sz,j_cxo yo(go) + 52) ,

fry (€0~ 2, €0+ £2)) © (froyo(€0) - 82, f r0yo(a) + 32).

Then, the ordinary function F: X x X = X, be a continuous at (Xo,
yo) and the functions fxy (1, s), fxy (1, s) are continuous relative to
r,s. B

(if) &: Let the intuitionistic fuzzy function

E:<E,fxy, ]_cxy>:xx|x| x Xxlxl_)xxlxl’

be a continuous relative to the usual topology on X ( the field of the
real numbers), and the functions fxy(r.s), fxy(r,s) are continuous at

r,s, and X is the field of R.

Now, consider the intuitionistic fuzzy open interval as < X1, y1, X2,
y>>, and

Fhy (I%2, v2[ ) and fi (12, y2[ ) are open sets for all F (x,y) €<
;1, y1 >then,

Viy <F1T (%0, y1) [f ] k2, ¥2) [ f ] (%2, y2) [>

Be an intuitionistic fuzzy open sub universal set, if we have

E< (e, Y, X, ¥2) >= V. ((X0Y), fh (%0, 1), iy (%, Y2) )

Hence by using the definition of the intuitionistic fuzzy binary
operations on intuitionistic fuzzy real numbers, we can get the

algebra properties of intuitionistic fuzzy functions as the follows:
Consider F and G are two intuitionistic fuzzy binary operations on

real numbers, such that F= <F, fxy, fxy >and G= <G, <gxy, gxy >
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are intuitionistic fuzzy functions of the intuitionistic fuzzy real
numbers, then we have

FXG=<F % G, fxy, A gx, Fxy V Gy >,
F:G=<F.G, ]_rxy, A\ gxys nyvgxy >,
F/G=<F /G, zxy, A 9xys ny V gxy >,

Corollary 22:
I. If intuitionistic fuzzy binary operations F and G, are
continuous intuitionistic fuzzy functions, then we get, F +
G, F. G and F/G are continuous functions.

Il.  If we have that co-membership function fxy(r,s) and conon-

-membership function fxy(r,s), 0<r <s < 1, are continuous
functions relative to the topology universal set R, then we
have two operations are continuous (F + G, F ' G), while
F/G is continuous if it's defined. But it is not defined in
general.

Conclusions

1. In this study, we have built upon the foundational concepts of
intuitionistic fuzzy sets, as introduced by Atanassov, and further
developed through the notion of intuitionistic fuzzy universal sets
and intuitionistic fuzzy real numbers.

2. By extending the classical fuzzy topological space, we have
constructed a comprehensive framework for intuitionistic fuzzy
topology based on intuitionistic fuzzy real numbers (IFRNs). This
framework preserves the essential properties of fuzzy topology whi
le offering greater flexibility and expressiveness through the use of
co-membership and co-non-membership functions.

3. Our methodology involved defining intuitionistic fuzzy elements,
binary hyper operations, and constructing topological spaces that
reflect these generalized structures.

4. The paper also explored the algebraic and topological behavior of
sequences and functions within these spaces, including their
continuity and convergence properties.

5. The results confirm that intuitionistic fuzzy topology based on
IFRNs forms a robust generalization of classical fuzzy topologies.
It accommodates more nuanced representations of uncertainty and
provides a fertile ground for further theoretical exploration and
application in fields such as decision theory, information systems.

14 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kzai3600

International Scienceand ~ VOlume 36 ) Tl p bl Al g

Imtrwaational beimrs mad Taviasiags demraal

ﬁ::ﬁﬁ{d‘ﬂ?m‘ Part 2 aaal I S T J %

http://www.doi.org/10.62341/kzai3600

References

[1]. K. Atanassov, Intuitionistic fuzzy sets, Fuzzy sets systems, 20
(1986), pp. 87-96.

[2]. Atanasser, Intuitionistic fuzzy sets, theory and applications,
Studies in Fuzziness and Soft Computing, 35 (1999),
Heidelberg: Physica -Verlag.

[3]. L. Zadeh, Fuzzy sets, Inform. Control, 8 (1965), pp. 338-353.

[4]. A. Rosenfeld, Fuzzy groups, J. Math. And. Appl. 35(1971), pp.
512-517.

[5]. B. Davvaz, Intuitionistic hyperidea in semihypergroups, Bull.
Malaysian. Math. Sci. Soc, 29 (2006), pp. 203-207.

[6 ]. B. Davvaz, S. Majumder, Atanassor's intuitionistic fuzzy
interior ideals of G-semigroups. Applied Mathematics and
physics, 73 (2011), Pp. 45-60.

[7]. K. Dib, On fuzzy spaces and fuzzy group theory, Information
Sciences, 80 (1994), pp. 253-222.

[8]. B. Davvaz, A. Karema, A. Salleh, Atanassor's intuitionistic
fuzzy hyperring based on intuitionistic fuzzy universal sets,
Journal of Multiple. Valued Logic & Soft Computing,
(2013), pp. 1-32.

[9]. K. Dib, Fuzzy real numbers in fuzzy spaces, The Journal of
Fuzzy Mathematics, 80(3) (2000), pp. 525-538.

[10]. K. Dib, N. Youssef, (1991). Fuzzy cartesian product, fuzzy
relation and fuzzy functions, Fuzzy Math's, 41(1991), pp.
299-315.

[11]. K. Dib, The fuzzy topological spaces on a fuzzy space,
Information Sciences, 108 (1999), pp.103-110.

[12]. A. M. Sedkya, Fuzzy set theory and fuzzy topology, South
Valley University, (2024), pp. 1-20.

[13]. I. Zahan, R. Nasrin, An introduction to fuzzy topological
spaces, Advances in Pure Mathematics, 11 (2021), pp. 483-
501.

[14]. S. Jana, A. Patel, J. Mahanta, Decomposition of a pythagorean
fuzzy topological space and its application in determining
topologic relations between indeterminate spatial objects, J.
Fuzzy. Ext. Appl, 5 (2024), pp. 251- 274.

[15]. R. Hassani, A. Blali, A. Razouki, fuzzy sequential topology,
Proyecciones Journal of Mathematics, 41 (2022), pp. 1505-
1521.

15 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/kzai3600

