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1 Introduction

In the present paper, we combine ideas and definitions from the areas of (general) topology (see,
e.g., [8,11]), of (standard) modal logic (see, e.g., [7,9, 10]) and of intuitionistic fuzziness (see,
e.g., [3-5]), and we introduce the concepts of Intuitionistic Fuzzy Feeble Topological Structures of
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First and Second Type (IFFTS1 and IFFTS2) and Intuitionistic Fuzzy Modal Feeble Topological
Structures of First and Second Types (IFMFTSI and IFMFTS2). 1t is important to mention
that introducing the term “feeble” for some types of topological structures, we aim to make a
distinction with term “weak” which is used in topology.

The paper is organized as follows. Initially, short remarks over Intuitionistic Fuzzy Sets (IFSs)
are given in Section 2. In the next sections, new topology related objects are introduced and some
of their basic properties are discussed. In the Conclusion, new directions of the development of
the present ideas are formulated.

2 Short remarks on intuitionistic fuzzy sets
Let a set £ be fixed. An IFS A in E is an object of the following form:

A= {(z, pa(z), va(z))|z € E},

where functions p4 : F — [0,1] and v4 : E — [0, 1] define the degree of membership and the
degree of non-membership of the element x € E, respectively, and for every x € E:

0 < palz)+rva(z) <1

Let for every © € F, ma(z) = 1 — pa(x) — va(z). Therefore, the function 7 determines the
degree of uncertainty of the element .

Obviously, for every ordinary fuzzy set m4(z) = 0 for each x € F and these sets have the
form: {(z, pa(z),1 — pa(x))|z € E}.

Let everywhere below, the universe £ be given. One of the geometrical interpretations of the
IFSs uses the intuitionistic fuzzy interpretational triangle on Figure 1.

0,1 E o\
~—
/////////K\} S J
fa —
F
(0,0) (1,0)

Figure 1. Geormetrical interpretation with the intuitionistic fuzzy
interpretational triangle

For every two IFSs A and B many relations and operations have been defined (see, e.g. [1, 3,
4]). The most important of them are the following:
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ACB iff (Vz € E)(ua(x) < pp(z) & va(x) > vp(z));

ADB iff BCA;
A=B iff (Vz € E)(ua(z) = pp(zr) & va(zr) =vp(x));

—A = {{z,va(x), palz))|z € E};
AGB = {(x, pra(z) ‘12’#3(@, va(z) 42' VB($)>|x € E}.

Here, we give definitions of only the first two modal operators (see, e.g., [3,4]) that are
intuitionistic fuzzy interpretations of the classical modal logic operators (see, e.g., [7,9, 10]):

DA ={(z, pa(x),1 — pa(z))|z € E};
QA ={{x,1 —va(x),va(z))|x € E}.

Let
0" = {(x,0,1)|x € E},

U* = {{(2,0,0)|z € E},
E* = {{z,1,0)|z € E}.

Let for each set X
P(X)=A{Y|Y C X}.

Let for each set F, F'S(E) and I F'S(FE) be the sets of all FSs and IFSs, respectively, with
universe /. Then we see that
P(E") = {AlA C E},

where
A= {{z,jia(), va(x))le € B} C E".

Therefore, P(E*) coincides with [ F'S(E). On the other hand side, F'S(E) coincides with
the set

{AIJACE& A= {(z,pua(x),1 — pa(z))|xr € E}} ={A|[AC E& A= oA}}.

3 Definition of a First type of Intuitionistic fuzzy feeble
topological structure with a self-dual operation and operator

As a basis of the present research we use the definition from [11], where the conditions that
characterize the topological structure (X, O, e) are

Cl O(AeB)=0(A)eO(B),
C2 ACO(A),
C3 O(0O(A)) = O(A),
C4 O(0*) =07,
where X is a set of subsets, A, B X,0O: X - Xande: X x X — X.
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Below, we will call the object (X, O, o) a Feeble Topological Structure (FTS), when some of
the four conditions is not valid or if it is valid only partially. The reason for this is that, below
we will use a special operation e and in this and the next two sections, a special operator O that
are self-dual and this fact will be included in the names of the introduced objects. In sections 6, 7
and 8 we will use the same operation e and other (standard) IF topological operators.

By analogy with [11], and extending the definitions from there, we will call a first type of an
Intuitionistic Fuzzy FTS with a Self-Dual Operation and operator (IFFTSDO1) the object

(P(E"),0,9),

where FE is a fixed universe, O : [F'S(E*) — IFS(E*) is a (self-dual) operator, e : [ F'S(E*) x
IFS(E*) — IFS(E™*) is a (self-dual) operation, and for every two IFSs A, B € P(E*) :

Cl1 O(AeB) = O(A) e O(B),
C3 O(0(A)) = O(A),

C4 0(0%) = 0",

D1 ~O(—=A) = OA,

D2 ~(~Ae—-B)=AeB,

D3 O(E*) = E*.

As it is seen, in the new definition condition C2 is omitted and this is exactly the reason for
the term “feeble” in the name of the new object. In the definition we add three new conditions
(D1, D2 and D3) that are related to the self-duality of the operator and operation.

In [6], Adrian Ban and the author introduced “weight-center operator” over a given IFS A

by:
;MA(Z/) %;EVA(ZJ)
Wid) = <x, card(F) ' card(E) >\x S

where card(E) is the number of the elements of a finite set E (see also [4]). For the continuous
case, the “summation” may be replaced by integrals over .

Theorem 1. (P(E*), W, @) is an IFFTSDO1 with the (self-dual) operator “VV” and the (self-dual)
operation “@”,
Proof. Let the IFSs A, B € P(E*) be given. Then we check sequentially that

W(AGB) = W({{z, pa(x), va(x))lr € E}YQ{(z, up(x), vp(2))|r € E})

v (s Bl ) o) o)

2 2
%;E MA(y);ruB(y) %:E VA(y);rVB(y)
y Y
= 7 ) G E
’ card(E) card(E) > [
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2 ’ 2

> kaly) X2 valy) > ks(y) > ve(y)
<q; vel veb >x€E}@{<x vel vel >x€E}

" card(F) ’ card(E)

2 omaly) X owme(y) X valy) X ve(y)
yeklE _|_ yerE yelE _|_ yEEd -
_ z, card(E) card(E) card(E) card(E) |$ cE
{ " card(FE) ' card(F)

= W(A)@W(B);
Z;E/LA(?J) ZEVA(y)
WOM(A)) =W ({ < (] card(B) > " E})
¢ y%:EMA(y) > va(y) )

E

card(E) Z yfard(E)

x, Y&E ver lz e E
" card(E) ' card(FE)

5 () X va) '
- {<:c, card(F) ~ card(FE) >|$ < E} = W)

>0 X1
yer yer >|:c€E} =0

“ card(F)’ card(E)

“W(=A) = =W({(z, va(®), pa(e))|x € E})

2, valy) 2 paly)
- {<x’ card(E) ’ card(F) > [ € E}
> maly) - valy)
_ {<x vel vel >er} = W(A);

" card(F) ’ card(E)
=(2A@=B) = ~({(z,va(2), pa(x))|z € EYQ{(z, vp(x), us(z))|r € E})

. {<x va(x) : (@) pa() ;uB(x)> e E}
(b)) ) 2 0n) ) ) g
1 %0
WIE") = {<'” c;j:(iE)’ csfciE)> = E} =
Therefore, Theorem 1 is valid. l
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4 Definition of a First type of Intuitionistic fuzzy modal
feeble topological structure with a self-dual operation
and operator, and a standard modal operator

We will call First Type of an Intuitionistic Fuzzy Modal Feeble Topological Structure with a
Self-Dual Operation and operator (IFMFTSDO1) the object

(P(E),0,0,0),

where F is a fixed universe, O : [FS(E*) — IFS(E*) is a (self-dual) operator, ® : [ F'S(E*) x
IFS(E*) — IFS(E*) is a (self-dual) operation, o : [FS(E*) — [FS(E*) is a (standard)
modal operator, and for every two IFSs A, B € P(E*) :

Cl O(AeB)=0O(A) e O(B),
C3 0(0(4)) = 0(A),

C4 0(0") = 07,

D1 ~O(—A) = OA4,

D2 ~(~Ae—B)=AeB,

D3 O(E*) = E*,

D4 oO(A) = O(cA),

D5 o(Ae B) = oA eoB,

D6 oO* = O*,

D7 oE* = E*.

Theorem 2. (P(E*),W,@, o) is an IFMFTSDO1 with the (self-dual) operator JV and the
(self-dual) operation @, and with the (standard) modal operator 0.

Proof. The checks of the first six conditions from the definition of an IFMFTSDO1 coincide with
the checks of the conditions from the definition for IFTFSDOI1 (see Theorem 1). So, we will

check sequentially the remaining four conditions.
Let the IFSs A, B € P(E*) be given. Then we check that:

OW(A) = oW({(z, pa(z),va(z))|z € E})
> kaly) X valy)
=0 <x yel yer >|a:€E

’ card(E) " card(FE)

yey yeE

“ card(F card(F)

> maly > 1ay)
> v e B

= W({(z, pa(x), 1 — pa(z))|lz € E}) = W(OA);
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A(AGB) = o({{z, pale), va(e))l € EYG{(x, ps(a), ws(@))e € E})
_ . pa(®) + pp(z) va(x) +vp(w) .
Tk pres

2 ’ 2

— {(a, pa(z) er MB(x), 1_ pa() er MB($)>|x € B}
(o, 1) i) (1= o)) + (0 sl

= {{z, pa(@), 1 = pa(x))lx € EYQ{(z, up(x),1 — pp(z))|z € E}) = D AQ 0 B;
00" ={(z,0,1 - 0)|z € E} = O%;

0E = {(z,1,1— 1)z € E} = E*.

Therefore, Theorem 2 is valid. O

Theorem 3. (P(E*),W, @, ) is an IFMFTSDOI1 with the (self-dual) operator W and the
(self-dual) operation @, and with the (standard) modal operator <>.
Proof. The first six conditions from the definition of an IFMFTSDOI1 again coincide with the
conditions from the definition of an IFTFSDOI1. So, we will again check sequentially the
remaining four conditions.

Let the IFSs A, B € P(E*) be given. Then we check that:

<

=

=
I

OW({{(z, pa(x), va(z))|z € E})

2 1aly) 2, valy)
{<x, card(E) ~ card(FE) >|x < E}

> valy) X va(y)
x,l—yEE vel >336E}

card(E) ~ card(FE)
= W({{(z,1 —va(2),va(z))|z € E}) = W(OA);

O(AQB) = O({(z. ual@). va(e))le € EYO{(z, un(a), va(@)la € E})
o, Pal) () vala) £ (o),

’ 2 ’ 2
_ {<CL’,1 . VA(x)_;—VB(x)7 MA(z) _;#B(x)ﬂx c E}
_ {<$, (1 _:U’A(‘T)) _;_ (1 _MB(:E))’ VA(:E)—;VB(:E)>’$ e E}

= {(z,1 —va(x),va(2))|z € E}Q{(z,1 —vp(x),vp(x))|x € E}) = QAQOB;
SO* = {(z,1—1,1)|z € E} = O%;
OE = {{,1—0,0)|z € E} = E".

This completes the proof. ]
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5 Definition of a First type of Intuitionistic fuzzy extended
modal feeble topological structure with a self-dual operation
and operator, and an extended self-dual modal operator

The first extended modal operator (see [2—4]) has the form:

Do (A) = {{z, pa(x) + ama(z),va(z) + (1 — a)ma(z)|z € E}
= {(z, pa(@) + a(l = pa(z) —va(r)),valz) + (1 = ) (1 = pa(z) — va(z))|r € E},

where « € [0, 1].
It is extended modal operator, because for each IFS A:

Do(A) = 04,
Di(A) = QA.

Operator D,, is self-dual, because for each IFS A:

Do (7A) = ~{{z,va(@) + a(l—pa(z) —va(®)), pa(z) + (1 — a)(1-pa(z) —va(z))|z € £}
= {{z, pa(z) + (1 — a)(1 — pa(z) — va(z)),valz) + a(l — pa(z) — valz))|lz € E}
= Dy_o(A).

Now, we define the first type of an Intuitionistic Fuzzy Extended Modal Feeble Topological
Structure with a self-dual operation and operator, and with an extended self-dual modal operator
(IFEMFTSDOV1) as the object (P(E*), O, e, o) that satisfies the conditions C1, C3, C4, D1, ...,
D7 and the new one DS:

—o(24) = o4),

where F is a fixed universe, O : [FS(E*) — IFS(E*) is a (self-dual) operator, ® : [ F'S(E*) x
IFS(E*) — IFS(E*) is a (self-dual) operation, o : [FS(E*) — IFS(E*) is a (self-dual)
extended modal operator. In this case the following theorem is valid.

Theorem 4. (P(E*), W, Q, D,,) is an IFEMFTSDO1 with the (self-dual) operator W, the (self-
dual) operation @, and with the (self-dual) extended modal operator D,, for each o € [0, 1].
Proof. The first six conditions from the definition of an IFMFTSDOI1 again coincide with the
conditions from the definition of an IFTFSDOI1. So, we will again check sequentially the

remaining four conditions.
Let the IFSs A, B € P(E*) be given. Then we check sequentially that:

Da(W(A) W({{z, pa(), va(e))|z € E}))

Z:E/LA ZEVA(Z/)
ye ye
< card(E) ~ card(FE) > z€ B
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yekE yek

< > naly) > kaly) > va(y)

- v card(F) L card(E)  card(E) |’
2 va) 2 maly) 2 valy)
card(E) Fl-a)ll- card(E)  card(E) >\x€E

yekE yeE

card(E) ’

< > (naly) +« (1 — > paly) — > VA(@A)

yeE yekl yeE

> valy) +(1—a) (1 = > paly) — 2 VA(?/))
card(E) > o€ B

= W({{(z, pa(@) + a(l = pa(e) —va(@)) + (1 = ) (1 = pa(z) —va(z))lz € E})
= W(Da(A));
Da(A@B> _ Da ({(Zlf, MA(Z');MB(:C>, VA(x> —; VB(x)>|x c E})
_ {<x pa(@) +psl) (1 _ pa(@) + pp(r)  valz) +vp(r)
’VA(x)JrQV (z) MA(ZL?HM (z) VA(93§+V (l“),
TN

D,(O")={{z,0+a(1-0—-1),1+(1—a)(1—-0—1)|x € E} = O%;
Do(E*) = {{z,1+a(l —1-0),0+ (1 —a)(l -1 —0)|z € B} = E*.

As we mentioned above, Condition D8 is valid because of the self-duality of the extended
modal operator D,,.
This completes the proof. L.

6 Definition of a Second type of Intuitionistic fuzzy feeble
topological structure with a self-dual operation

Below, we will call the object (X, O, ) a second type of a Feeble Topological Structure with a
self-dual operation (FTSSDO2), when condition C1 is changed with the feeble condition:
Cl’ O(AeB)C O(A)eO(B).

keeping conditions C2, C3, C4, D2 and D3.
We must mention that now condition D1 here and thereafter is omitted because below we will
use an operator that is not self-dual, while condition D2 must remain because the operation @ is a
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self-dual one. When this operator and the (self-dual) operation are intuitionistic fuzzy ones, then
the structure is an Intuitionistic Fuzzy FTSSDO2 (IFFTSDQO?2).
Now, the used operator “(;” has a dual one — “O5” so that for each IFS A:

—0:(A4) = 02(A).

The first operator will be an analogous of the standard topological operator “closure” (c/) and
the second — of the standard topological operator “interior” (in). By this reason, we will denote
the respective structures by cl- and in-ones.

Theorem 5. (P(E*),C, @) is a c[-IFFTSDO2 with an (self-dual) operation “@”.
Proof. Let the IFSs A, B € P(E*) be given. Then we check sequentially that conditions C1°,
C2, C3, C4 are valid:

C(AQB) = C({{x, pa(x), va(z)) |z € E}YQ{(z, up(z),vp(2))|x € E})
a(@) +pp(x) pale) + ps(r)
{<x’u 2u L 2u >yer}
<x’sup pale) *pp(e) oo pal@) + uB(fv)> e E}

yeE 2 ’ yeE 2

yeE yeE
2 ’ 2

C
sup pa(z) +sup up() inf gy (x) + inf pp(z)
< yek yek > |:E cE

i.e., condition C1’ is valid, but obviously, condition C1 will not be always valid:
A= {(z,pa(z),valz))|z € E} C {<x,sugm(y),;gg va(y))|lz € E} = C(A);
ye
C(0") = C({{x,0, D]z € B}) = {(z,5up0, inf )|z € F} = {{z,0,1)|z € F} = 0"
yelE Y

C(C(A) = C({{z, K, L)|z € E}) = {{z, K, )|z € E} = C(A);

Condition D2 is checked in Section 3 (Theorem 1), while the validity of condition D3 follows

from:
C(E") = C({(x,1,0)|x € E})
= {(z,sup 1, inf 0)|x € E} = {(z,1,0)|]z € E} = E".
yeE YeE
This completes the proof. U

In the same manner, we can prove the next theorem.

Theorem 6. (P(E£*),Z, @) is an in-IFFTSDO2 with an (self-dual) operation “@Q”.
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7 Definition of a Second type of Intuitionistic fuzzy modal
feeble topological structure with a self-dual operation

We will call Second type of Intuitionistic Fuzzy Modal Feeble Topological Structure with a
Self-Dual Operation and operator (IFMFTSDO?2) the object

(P(E),0;0,0),

where F is a fixed universe, O : IFS(E*) — [FS(E*) is an operator, ® : [FS(E*) x
IFS(E*) — IFS(E") is a (self-dual) operation, o : [FS(E*) — [FS(E*) is a (standard)
modal operator, and for every two IFSs A, B € P(E*) : the conditions C1°, C2, C3,C4, D2, ...,
D7 are satisfied.

Theorem 7. (P(E*),C,Q, 0) is a c[-IFMFTSDO?2 with the operator WV, the (self-dual) operation
@, and with a (standard) modal operator .

Proof. Conditions C1°, C2, C3, C4, D2, D3, D5, D6 and D7 were checked above. So, here we
check condition D4 as follows:

0C(A) = o{(z, K, L)z € E} = {{z,K,1 — K|z € E}) = C(D A).

This completes the proof. ]
By analogy, we can prove the validity of the following three assertions.

Theorem 8. (P(E*),C,Q, ) is a cl-IFMFTSDO2 with the operator C, the (self-dual) operation
@, and with the (standard) modal operator <.

Theorem 9. (P(E*),Z,Q, 0) is an in-IFMFTSDO2 with the operator Z, the (self-dual) operation
@, and with the (standard) modal operator 0.

Theorem 10. (P(E*),Z, @, $) is an in-IFMFTSDO2 with the operator Z, the (self-dual) operation
@, and with the (standard) modal operator <.

8 Definition of a Second type of Intuitionistic fuzzy extended
modal feeble topological structure with a self-dual operation
and operator, and an extended self-dual modal operator

On the basis of the definitions in previouse sections, here, we define the second type of an
Intuitionistic Fuzzy Extended Modal Feeble Topological Structure with a self-dual operation and
with an extended self-dual modal operator (IFEMFTSDO?2) as the object (P(E*), O, e, 0) that
satisfies the conditions C1’, C2, C3, C4, D2, ..., D8, where F is a fixed universe,
O : [FS(E*) — IFS(E*)is an operator, ® : [ 'S(E*)x [FS(E*) — [FS(E*) is an operation,
o: [FS(E*) — IFS(E")is an extended modal operator. In this case the following two theorems
hold true.
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Theorem 11. (P(E*),C, @, D,,) is a cI-IFEMFTSDO?2 with a (self-dual) operator ) and operation
@, and with the extended modal operator D,, for each o € [0, 1].

Theorem 12. (P(E*),Z,@, D,) is an in-IFEMFTSDO2 with a (self-dual) operator VW and
operation @, and with the extended modal operator D,, for each a € [0, 1].

9 Conclusion and ideas for future research

The described above idea opens some directions for future research. Below, we discuss some of
them.

First, we plan to introduce an intuitionistic fuzzy topological structure and an intuitionistic
fuzzy modal topological structure, in which all standard conditions for topological structures are
valid and operation is not self-dual (that is the reason for the above discussed change of the
conditions for topological structures).

Second, we can extend the last type of an intuitionistic fuzzy topological structure with some
of the extended modal operators that are not already self-dual ones.
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