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A definition of the concent “initiontic furry set’ (IFS) s given, the latier boing 5
generalization of the concept furzy set’ and an example is deserived. Variows properties are
proved, which are connected 10 the operations and elations over sets, and with modal asd
topological operators, detined over the set of IFS’

Keywonds: Intaitionistic fuzzy set, Fuzzy Set, Modal operator (necessity, possibiity),
Topologxal operator (nterior, closure

The notions of intuitionistic fuzzy set (IFS) and intuitionistic L-fuzzy sets (ILFS)
re introduced in [1, 2] and [3), respectively, as a generalization of the notion of
zzy set (FS).

Let a set E be fixed. An ILFS A* in E is an object having the form

A* = {(x, ga(x), va(x)) | x € E),
here the functions . : E — L and v, : E — L define the degree of membership
d the degree of nonmembership of the element x ¢ E to A< E (for simplicity
Jow we shall write A instead of A®), respectively, the functions ua and vy
uld satisfy the condition:

(Vx € E)ua(x) S N(va (),

here N:L— L is an involutive order reversing operation in the lattice (L, )
hen L =[0, 11, the object A is an IFS and the following condition holds

(Vx e E)0 pa(x)+va(x)< 1),

Obviously every FS has the form {(x, ua(x), 1~ ua(x)) | x ¢ E).
Let us denote everywhere for simplicity by {(x,ua(x))|x€E} the set
I, pa(x), 1= ua(x))| x € E). The definition makes clear that for the so con-
ructed new type of FS the logical law of the excluded middle is not valid,
ilarly 10 the case in intuitionistic mathematics. Herefrom emerges the name of
at set. Note that in the case when L is a lattice it is possible to introduce an
Bample about a set for which a(x). N(sa(x)) <sup L. where sup L is a maximal
jement of L, but as in that case va(x)=N(pa(x)), the FS {(x, pa(x))| x€ E}
innot be equivalent to the IFS {(x, pa(x), ¥a(x)) | x € E}
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Before describing the properties of IFS's we shall give an example of an IFS
which is not an FS. The example is written after an idea of the author in [4].

Let A, B, C and D be four convex, closed, connected and compact sets i the
Euclidean plane, as shown in Figure 1 (ANB=ANC=AND=BNC=BN
D=CND=§). Let n that plane Cartesian coordinates Ox,x; be given and let
the sets PUQUR, RUSUT, QURUS and U be respectively their orthogonal
projections over the axis Ox,. By the real number {(y, X) we denote the length (as
regards the length unit introduced for the axis Ox,) of the segment in the set X
lying on a line perpendicular to the axis Ox,, passing through point y from Ox,
Let E= AUBUCUD be the universum for our further considerations, and let
the sets F und G satify the following conditions

(® AgFgAUCUD;

() BEGgBUCUD,

() FNG=f;

@ FUGST

From the last two conditions it follows that the set F is strictly included in the
supplement of the set G to L; and from the first two - that the trivial cascs F= A
and G = B are excluded. The four conditions are independent

Let us have the possibility to observe only the projections of the points from E
over the axis Ox,, and for every x € E we know only (observing its projection
y e PUQURUSUTU U) the value of I(y, X), where X is some of the sets A, B,
C and D.

Intuitionissic fuz

Our aim will be to show the form of the
functions of the elements of E towards the set
the four scts in the planc, as shown in Figure
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clement x € E to the set FSE. In the exampl
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Another important nuance
was the author's young age at the time
of the concept’s creation in 1983.

when he was first i msplr 5y-the
of generalizing fuzzy sets IFSs.

He was not part of any existing

“school of thought” in Bulgaria, - |
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Wider recognition of the foundation
year 1983 came only after the
Scopus-indexed

reprinted in 2016 a set of the earliest
preprints on IFSs and other
Atanassov's research endeavours,
including their facsimiles / translations.
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As of 31 Dec 2025, the paper in FS&S

is the mostcited-puhlication on IFSs with:
* >11200citationsinWoSCore—— /8~ oo
Collection ——— s
e >13250across all WoS databases | '
e >16200 citationsin Scopus

Figure 2.
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hecome a major catalyst of research
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fuzzy sets, and their extensions.
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Early adopters of IFSs:

e 1988 — Romania

e 1990 — Poland
Tadeusz Gerstenkorn (1927 — 2021)
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EarIy adopters of IFSs: |
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e 1990 — Poland
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e 1993 - India and China
e 1995 - Tirkiye
Dogan Coker (1951 — 2003
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In Scopus, as of 31 Dec 2025,

M M M i uinea, Syrian Aral Slovenia, Albania,
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Another perspective towards the
impact of the 1986 paper is given by the
diversity ofthe-suhject areas of the
citing documents.

Computer Science, Mathematics and
Engineering naturally lead with > 31%,
> 27% and > 18% of all citations,

rajor hranches of science and

technology are-alsere ¥ . . . . ' ] . . .
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This is also the most cited publication 18000,
among nearly 10,000 papers published o Scopus liehofSceee
in the “Fuzzy Sets and Systems"”. o
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With > 16 500 citationsin Scopusand ~ [S e
> 11 300 citations in Web of Science, - N
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FS&S Journal in its inaugural issue L
in 1978, Lotfi Zadeh. -
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In Bulgaria in 1995, the international
journal

was founded hy Atanassov, Kacprzyk
and Bustince Sola, and is currer
Scopus-indexed Q3 journal.

ISSUES
IN INTUITIONISTIC FUZZY SETS
AND GENERALIZED NETS
'olume

In Poland, the book series

used to be published annually
from 2004 to 2019.
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Dedicated Conferences T R e
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International Conference on IFS,
held in Bulgaria since 1997.

International Workshop on IFS and
Generalized Nets, organized in Poland
(Polish Academy of Sciences) since 2001.

Workshop on IFS, organized in Slovakia
(Matej Bel University) since 2005.

IFSCOM conference, held in - = R i i
Tarkiye (Mersin University) since 2014. . . . . . . . . l . l
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Research Community e e S

Collectively, these achievements and
initiatives highlight a dynamic and globally
connected research community whose |
ongoing efforts continue to shape and ;. S A
expand the field of IFSs. e

Strengthening theoretical foundations,
expanding application domains, and
deeper integration with data-driven and
artificial intelligence frameworks will
remain key to sustaining their impact.
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The notions of intuitionistic fuzzy set (IFS) and intuitionistic L-fuzzy sets (ILFS)
re introduced in [1, 2] and [3), respectively, as a generalization of the notion of
zzy set (FS).

Let a set E be fixed. An ILFS A* in E is an object having the form

A* = {(x, ga(x), va(x)) | x € E),
here the functions . : E — L and v, : E — L define the degree of membership
d the degree of nonmembership of the element x ¢ E to A< E (for simplicity
Jow we shall write A instead of A®), respectively, the functions ua and vy
uld satisfy the condition:

(Vx € E)ua(x) S N(va (),

here N:L— L is an involutive order reversing operation in the lattice (L, =)
hen L =0, 1], the object A is an IFS and the following condition holds:
(Vx & ENO palx)+ wa(x)<1)
Obviously every FS has the form {(x, ua(x), 1~ ua(x)) | x ¢ E).
Let us denote everywhere for simplicity by {(x,ua(x))|x€E} the set
x, A (x), 1 - ua(x)) | x € E). The definition makes clear that for the so con-
luunl new type of FS the logical law of the excluded middle is not valid,
larly 10 the case in intuitionistic mathematics. Herefrom emerges the name of
at set. Note that in the case when L is a lattice it is possible to introduce an
rample about a set for which u(x). Niua(x))<sup L. where sup L is a maximal
jement of L, but as in that case va(x)= N(ua(x)), the FS {(x, pa(x)}| x€ E}
nnot be equivalent to the IFS {(x, wa(x), va(x)) | x € E}.
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Before describing the properties of IFS's we shall give an example of an IFS
which is not an FS. The example is written after an idea of the author in [4].

Let A, B, C and D be four convex, closed, connected and compact sets i the
Euclidean plane, as shown in Figure 1 (ANB=ANC=AND=BNC=BN
D=CND=§). Let n that plane Cartesian coordinates Ox,x; be given and let
the sets PUQUR, RUSUT, QURUS and U be respectively their orthogonal
projections over the axis Ox,. By the real number ((y, X) we denote the length (as
regards the length unit introduced for the axis Ox,) of the segment in the set X
lying on a line perpendicular to the axis Ox,, passing through point y from Ox,
Let E= AUBUCUD be the universum for our further considerations, and let
the seis F und G satbfy the following conditions.

(® AgFgAUCUD;

) BsGsBUCUD,

() FNG=f;

@ FUGST

From the last two conditions it follows that the set F is strictly included in the
supplement of the set G to L; and from the first two - that the trivial cascs F= A
and G = B are excluded. The four conditions are independent

Let us have the possibility to observe only the projections of the points from E
over the axis Ox,, and for every x € E we know only (observing its projection
y e PUQURUSUTU U) the value of I(y, X), where X is some of the sets A, B,
C and D.
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Our aim will be to show the form of the
functions of the clements of E towards the set
the four scts in the planc, as shown in Figure

1
y.A)

Iy, A)+1(y, C)
. A)

I(y, A)+I(y, B)+I(y,

0

welx) =

I(y. B)

i(y, A)+1(y. B)+1(y. C)
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pp(x) + vplx) =

0

ie. 0% pplx) + wpl(x) <1
It mp(x) = 1= pglx) = ve(x), then me(x) 15 tH
clement x € E to the set FSE. In the exampl
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