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Abstract: In this paper, we introduce generalized intuitionistic fuzzy (7', Sr) anti-ideals on
semigroups. We first define intuitionistic fuzzy left anti-ideals, right anti-ideals, anti-ideals,
and bi-anti-ideals in this setting. Then we study their basic properties and show how classical
anti-ideals can be obtained via characteristic functions. We also give characterizations in terms
of level subsets and examine the behavior of these structures under homomorphisms and
isomorphisms. The results obtained show that the proposed approach extends known anti-ideal
concepts and gives a useful framework for studying semigroups with uncertainty.
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1 Introduction

Semigroup theory, which studies nonempty sets equipped with an associative binary operation,
occupies an important place in abstract algebra. The structure of a semigroup is often studied
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through its special subsets, such as left ideals, right ideals, bi-ideals, and their generalizations.
The connections between semigroups and formal language theory, automata, combinatorics, and
coding theory give this area both theoretical and practical importance [16].

The concept of fuzzy sets, introduced by Zadeh [19] in 1965, provided a mathematical
framework for dealing with situations in which classical set theory based on strict membership
is insufficient. Soon after, Rosenfeld [17] applied fuzzy set theory to groups, initiating the study
of fuzzy algebraic structures. Since then, many semigroup-theoretic notions such as fuzzy ideals,
fuzzy bi-ideals, fuzzy generalized bi-ideals, and their ordered or hyperstructured versions have
been widely investigated [11, 12, 15].

Another important direction of research concerns anti-ideals. The notion of an anti-ideal in a
semigroup was introduced by Schwarz [18] in 1953 in the study of maximal ideal theory. These
subsets, which are disjoint from their own left or right translates, were shown to have important
structural properties. Later, Iseki [8] generalized this concept by introducing (m, n)-anti-ideals,
where the disjointness condition is defined using powers of the underlying set. These structures
can be viewed as dual objects to ideals and naturally arise in the study of complements of ideals
in semigroups.

More recently, anti-ideal theory has been extended to the fuzzy setting. Al Tahan et al. [4]
introduced fuzzy left (right) anti-ideals and fuzzy bi-anti-ideals of semigroups, studied their basic
properties, and connected them with classical anti-ideals through level sets. Later, Al Tahan and
Hoskova-Mayerova [2] investigated interior anti-ideals and their fuzzy counterparts, proving that
regular and intra-regular semigroups do not admit such structures.

The intuitionistic fuzzy framework introduced by Atanassov [5] provides a richer setting by
assigning to each element both a membership degree and a non-membership degree. This allows
uncertainty and hesitation to be modeled more effectively than ordinary fuzzy sets. Ahn et al.
[1] initiated the study of intuitionistic fuzzy ideals in semigroups, and later studies extended
these ideas to interior ideals, bi-ideals, and several generalized ideal structures [13]. However,
anti-ideals within the intuitionistic fuzzy framework based on a t-norm and its dual ¢-conorm
have not yet been studied systematically.

In this paper, we introduce generalized intuitionistic fuzzy (7', S) anti-ideals of semigroups.
This notion generalizes the classical anti-ideal introduced by Schwarz [18], and the fuzzy anti-ideal
framework studied in [4]. In particular, ordinary fuzzy anti-ideals appear as a special case of our
approach. We establish several basic properties of these structures, characterize certain classes of
semigroups using them, and study their behavior under semigroup homomorphisms.

2 Preliminaries

Throughout this paper, (L, <, 0, 1) denotes a complete lattice with the bottom element 0 and the
top element 1. For u,v € L and every family {b, | « € A}, we use the following notation such
as

uV v =sup{u,v}, uAv=inf{u, v},

\/ bo =sup{bo | @ € A}, /\ bo = inf{bs | @ € A}.

a€EA acA
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Definition 1. [7] Let L be a complete lattice. Then L is called an infinitely \/-distributive lattice
if

a N (Vaerba) = Vaea(@Aba)
for every a € L and every family {b, | « € A} C L.

Unless otherwise stated, L is a complete infinitely V-distributive lattice. The closed interval
0, 1] equipped with the usual order “<”, is a complete infinitely \-distributive lattice.

Definition 2. [14] A triangular norm, or t-norm, on L is a binary operation that is monotone,
commutative, and associative and has 1 as a neutral element.

Basic examples of t-norms on L are T, T, are defined by
Ty(u,v) =uAv,
T (u,v) = vAu, ifu=1lorov=1,
0, otherwise.
Definition 3. [14] Let T be a t-norm on L. Then T is called infinitely V-distributive if
AT(V,er be) = Ve, (aThy),
for every a € L and every family {b, | « € A} C L.
Proposition 1. [14] Let T" be any t-norm on L. Then the following hold:

(1) uTv <uAwvforalu,vel,
(1) wT0=0Tu =0forallu e L,
(i) (Agen @)T(Ages b8) < Naea pes @ bs.
Definition 4. [14] A binary operation
S :10,1] x [0,1] — [0,1]

is said to be a t-conorm provided that it is commutative, associative, and monotone, with the

boundary condition

S(u,0) =u
for every u € [0, 1].

If 7" is a t-norm on [0, 1], then clearly S(u,v) =1 —T(1 —u,1 — v) is a t-conorm on [0, 1].
The t-conorm S is called the dual of the ¢-norm 7" and is denoted by S = Sy.
Typical examples of t-conorms are given as follows:

S (u,v) = max{u, v},
Sr(u,v) = min{1,u + v},

and the drastic ¢-conorm
u, ifv=20,

SD(U,U) =3\, ifuzO,

1, otherwise.
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Definition 5. [10, 14]A t-conorm S is said to be infinitely V-distributive if, for every family
{bi}ier € [0, 1] and every a € [0, 1],

S (a,\/bl> = \/S((I,bl)
i€l iel
Similarly, S is called infinitely A-distributive if
S (a,/\bZ) =\ S(a,by).
iel iel

Theorem 1. [14] Let S be a t-conorm on lattice L. Then

(V aa)S(\/ bs) > \/  aaSbs.

a€cl BeU a€l,BeV

A semigroup is a nonempty set S equipped with an associative binary operation. Unless
otherwise stated, S denotes a semigroup throughout this paper. The product of two subsets A and

B of a semigroup S is defined as
AB={abla€ A, be B}.
Definition 6. [3,4,8] Let A be any nonempty subset of S. Then
(1) A is called aleft anti-ideal of S if SAN A = @,

(i1) A is called aright anti-ideal of S if ASN A = &,
(iii) A is called an anti-ideal of S if it is both a left anti-ideal and a right anti-ideal of .S,
(iv) A is called a bi-anti-ideal of S if ASAN A = &,
The sets of all left anti-ideals, right anti-ideals, anti-ideals, and bi-anti-ideals of .S are denoted
by LAI(S), RAI(S), AI(S), and BAI(S), respectively.

Definition 7. [19] Let X be a nonempty set. A fuzzy set P on X is characterized by a membership
function ap : X — [0, 1] and can be represented as

P ={(p.ar(p)) :p € X}
Definition 8. [5] Let X be a nonempty set. An intuitionistic fuzzy set P on X is defined by

P ={(p,ap(p), Bp(p)) : p € X},

where ap, fp : X — [0, 1] are mappings known as the membership function and non-membership

function, respectively, and
0 < ap(p)+Bp(p) <1

forallp € X.
The hesitation function of P is defined by

mp(p) =1—ap(p) — Br(p), peX.

The value Tp(p) represents the degree of hesitation associated with p.
The family of all intuitionistic fuzzy sets on X is denoted by IFS(X).
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Definition 9. [5] Let A be a nonempty subset of S. The intuitionistic fuzzy characteristic function
of A, denoted by C4, is defined by C* = (aca, Bea), where

1, peA, 0, peA,
acal(p) = Bea(p) =
o) 0, p¢A, o ®) 1, pgA.

Definition 10. [5] Let X be a nonempty set and P = (ap, fp), R = (ar, fr) be intuitionistic
fuzzy sets on X. Then, for P and 'R, some relations and operations can be defined as follows:

(i) P C R ifand only if, forallp € X, ap(p) < ar(p) and Bp(p) > Pr(p).

(i) PUR = {(p, (ap Uar)(p), (Br N Br)(P)) | p € X}, where (ap U ar)(p) = ap(p) V
ar(p) and (Bp N Br)(p) = Bp(p) A Br(p)-

(i) PNR = {{p, ((ap Nar)(p), (Bp U Br)(P))) | p € X}, where (ap N ar)(p) = ar(p) A
ag(p) and (Bp U Br)(p) = Bp(p) V Br(p).

(iv) P9(p) = (Bp(p), ap(p)), forallp € X.
W) (OP)(p) = (ap(p), 1 — ap(p) = (ap(p),ap(p)). forall p € X.
(vi) (oP)(p) = (1 — Bp(p), Br(p)) = (Bp(p), Bp(p)), forall p € X.

Definition 11. [5] Let P = (ap, Bp) be an intuitionistic fuzzy set on X and let \ € [0, 1]. Then
the sets

Ulap,\) ={p€ X : ap(p) > \},
L(Bp,A) ={p € X : Bp(p) < A}

are called an a-level \-cut and a B-level \-cut of P, respectively.
Definition 12. [S]P = (ap,fp) € IFS(X) and t,s € [0,1]. The (t, s)-level set of P is
Aisy =1{p € X 1 ap(p) > tand Bp(p) < s} = U(ap,t) N L(Bp, s).
Definition 13. [9] For a t-norm T and a t-conorm S, we use the symbols A and Ag as the sets:

Ar ={a €10,1]|T(a,a) = a},
Ag ={a €0,1]|S(a,a) = a},

respectively.

Definition 14. [9] We say that the intuitionistic fuzzy set P = (ap,p) on X satisfies the
imaginable property if
%(O&p) - AT and %(ﬁ'p) - AS.
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Definition 15. [9] Let X and Y be nonempty sets, and let f : X — Y be a mapping. Let
P = (ap, Bp) be an intuitionistic fuzzy set on X.
The image of P under f, denoted by f(P) = (aypy, Byp)), is an intuitionistic fuzzy set on’Y’
defined by
V{ap(z) |z € X, f(x) =y}, iff'(y) #2,

aypy(y) =
I® 0, otherwise,

AN Be@) [z e X, f(z) =y}, 'y #9,
By (y) = .
1 otherwise.

)

Definition 16. Let X and Y be nonempty sets, and let f : X — Y be a mapping. Let R =
(ag, Br) be an intuitionistic fuzzy set on'Y.

The inverse image of R under f, denoted by f~'(R) = (ay-1(r), Bs-1(r)). is an intuitionistic
fuzzy set on X defined by

ar-1r)(z) = ar(f(2)),
forall x € X.

3 Intuitionistic fuzzy (7', St) anti-ideals

In this section, we introduce the notions of intuitionistic fuzzy (7, St) left (right) anti-ideals and
explore their fundamental algebraic properties. In addition, the connections between intuitionistic
fuzzy anti-ideals and their corresponding characteristic functions and level subsets are analyzed,
and their relationships with classical anti-ideals are discussed in detail. Unless stated otherwise,
S denotes a semigroup under the operation .

Definition 17. Let P = (ap, fp) € IFS(9).
(i) P is called an intuitionistic fuzzy (T, St) left anti-ideal of S if

ap(p2)Tap(pip2) = 0,
Bp(p2)StPp(pip2) = 1,

(ii) P is called an intuitionistic fuzzy (T, St) right anti-ideal of S if

ap(p1)Tap(pip2) =0,
Bp(p1)StBp(p1p2) =1
forallpy,ps € 8.

An intuitionistic fuzzy set P on S is called an intuitionistic fuzzy (7', St) anti-ideal if it is both an
intuitionistic fuzzy (T, St) left anti-ideal of S and an intuitionistic fuzzy (T, St) right anti-ideal
of S.
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All intuitionistic fuzzy (T, S7) left anti-ideals, intuitionistic fuzzy (7, St) right anti-ideals,
and intuitionistic fuzzy (7, St) anti-ideals of S are denoted by [F'SLAI(S), IFSRAI(S), and
IFSAI(S), respectively.

Example 1. Let T = A and St = V. Let S = {0, a, b}, with multiplication defined by

P = (ap, Bp) by
x ‘ 0 a b
ap(z) |0 5 0
Bp(z) |1 1 1
For p1,p2 € S, if py € {0,b}, then ap(ps) = 0 and Bp(p2) = 1. If p2 = a, then p1a = 0 for all
p1 € S. Thus

ap(p2)Tap(pip2) = 0, Bp(p2)SrBp(pip2) = 1.

Therefore, P is an intuitionistic fuzzy (T, St) left anti-ideal of S.
However, P is not an intuitionistic fuzzy (T, St) right anti-ideal. Indeed, for p1 = a and

po = b, we have ab = a, and so

ap(a)Tap(ab) % 20, Bp(a)SrBp(ab) }l 21,

Example 2. Let S = {0, a, b} and define a multiplication on S by

This operation is associative, so S is a semigroup.
Define P = (ap, Bp) by the same functions:

x ‘ 0 a b
ap(z) |0 £ 0
Bpl) |1 7 1

Again, P € IFS(95).
For p1,pe € S, if p1 € {0,b}, then ap(p1) = 0 and Bp(p1) = 1. If p1 = a, then aps = 0 for
all py € S. Thus
ap(p1)Tap(pip2) = 0, Bp(p1)StBr(p1p2) = 1.

Therefore, P is an intuitionistic fuzzy (T, St) right anti-ideal of S.
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However, P is not an intuitionistic fuzzy (T, St) left anti-ideal. Indeed, for p; = b and py = a,
we have ba = a, and so

ap(a)Tap(ba) % 20, Bp(a)SeBp(ba) }1 21,

Classical anti-ideals of S can be characterized by intuitionistic fuzzy (7', St) anti-ideals of S
by the following proposition.

Proposition 2. Let A C S and A # @. Then the following statements hold:
(i) A € LAI(S) ifand only if C* € IFSLAI(S),
(i) A € RAI(S) ifand only if C* € IFSRAI(S),
(iii) A € AI(S) ifand only if C* € IFSAI(S).
Proof. (i)Let A € LAI(S)andp, € S, ps € A. Since A € LAI(S), we have p1p, ¢ A. Thus,

oA (plpz)TOch (p2> =071
= O7

Bea(pip2)SrBea(pe) = 1570
=1.

Clearly, if ps ¢ A,
aca(pip2)Taca(pz) =0,

Bea(pip2)SrBea(p2) = 1.

Therefore C4 € IFSLAI(S).
Conversely, suppose that C4 € IFSLAI(S). Suppose that SAN A # &. Then there exist
p1 € S,p2 € Awitha = p1p, € SAN A.

aca(pipe)Taga(p2) =1 #0
Therefore A € LAI(S). The proofs of the remaining assertions are similar. U
Proposition 3. Let T' be a t-norm and St be its dual t-conorm, P = (ap, fp) € IFS(S). Then
(i) If P € IFSLAI(S), then so is OP,
(ii) If P € IFSRAI(S), then so is CIP,
(iil) If P € IFSAI(S), then so is OP.
Proof. For all py,ps € S, we have ap(ps)Tap(p1p2) = 0. Hence

ap(p2)Srap(pipe) = (1 — ap(p2))Sr(l — ap(pip2)) = 1 — (ap(p2)Tap(pipz))
=1.

Therefore OP = (ap,ap) € IFSLAI(S).

Statements (i1) and (iii) are obtained similarly to (1). L]
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Proposition 4. Let T and St be dual norms, P = (ap, Bp) € IFS(S). Then
(i) If P € IFSLAI(S), then so is P,
(ii) If P € IFSRAI(S), then so is ©P,
(iii) If P € IFSAI(S), then so is oP.
Proof. For all py,ps € S, we have 8p(p2)StfBp(p1p2) = 1. And so
Bp(p2)TBp(pipa) = (1 = Bp(p2))T(1 = Bp(pip2)) = 1 — (Bp(p2)SrBr(p1p2))
=0.
Therefore oP = (Bp, Bp) € IFSLAI(S).
Statements (ii) and (iii) are obtained similarly to (i). [l
The following corollary can be readily established using the above two propositions.

Corollary 1. Let T' and St be dual norms, P = (ap, Bp) € IFSLAI(S) (
IFSRAI(S),IFSAI(S)) if and only if OP and <P are intuitionistic fuzzy (T, St) left (right)
anti-ideal of S.

Remark 1. For the intuitionistic fuzzy set P € IF'SLAI(S) of Example 1 one has ap(a) = 1/2
and Bp(a) = 1/4,hence mp(a) = 1—1/2—1/4 = 1/4 > 0. Therefore P # OP = (ap, 1 — ap)
and P # oP = (1 — Bp, Bp), i.e., P is a genuinely intuitionistic fuzzy object that cannot be
obtained from any fuzzy anti-ideal by the [] or ¢ operator.

Theorem 2. Let {P; |t € T} C IFS(S). Then, the following statements hold:
() If{P. |t € T} C IFSLAI(S), then (\,oy Py € IFSLAI(S),

(i) If {P, | t € T} C IFSRAI(S), then (o P, € IFSRAI(S),
(i) If {P; |t € T} C IFSAI(S), then (o Py € IFSAI(S).
Proof. (i) Let P, € IFSLAI(S) and p1,ps € S.

an,er e (P102)Tap, 2 (02) = \ ap(p1p2)T J\ ap, (p2)
teT teT

< /\ (ap, (p1p2)T'ap, (p2))

teT

=0

BAyer P (P112) 180, 2 (P2) = \/ Br(p112) S \/ B, (p2)

teT teT

> V(ﬁpt (p1p2)StBp,(p2))

teT

=1
Therefore, (,., P € IFSLAI(S).

Statements (i1) and (iii) are obtained similarly to (1). L]
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Remark 2. The union of intuitionistic fuzzy (7', S7) anti-ideals may not be an intuitionistic fuzzy
(T, St) anti-ideal in general. We can illustrate this with the following example.

Example 3. Let S = {0, 1,2} be a semigroup according to the following operation, T = A,
St =V, and P = (ap, Bp), R = (agr, Br) be intuitionistic fuzzy sets on S with the following
tables:

Plo 1 2 R |0 1 2
ap ar | 0
pr |1 1 Pr |1 0

It is easily seen that P, R € IFSLAI(S). Since
Oé’pU'R<2 : 2) N OépuR(2> = (Oép(l) V OéR(l)) VAN (Oép(Q) V 0473(2))
=1
#0
we have that P UR ¢ IFSLAI(S).

Definition 18. [14] Let P = (ap, Bp) and R = (ag, fr) € IFS(S). The (T, St )intersection of
P and R is defined, for every x € S, by

aPn(T,ST)R<I) = O‘P(x)TO"R@;)?
Bras, r(T) = Bp(x)STPr(2).

Equivalently,
P (T,57) R = (apTar, BpSrfr).

Remark 3. Since P, R € [FS(S), we have ap(z) < 1 — Bp(z) and ag(z) < 1 — Br(x) for all
x € 5. By the monotonicity of 7" and the De Morgan duality

Sr(u,v) =1-T(1 —u,1 —v),
we obtain
T(ap(z), ar(z)) < T(1 = fp(x),1 — Br(z)) =1 = Sr(Bp(2), Br(x)),

for all x € S. Hence,
Oé’[)r‘](TysT)’R<I‘> + /BPQ(T7ST)R('I) S 1

forall x € S. Thus, P N(1,5,) R € IFS(S).
Theorem 3. Let P = (ap, fp) and R = (ag, fr) € IFS(S). Then
() If P,R € IFSLAI(S), then P N(r,s,) R € IFSLAI(S);
(i) If P,R € IFSRAI(S), then P N(1,s;) R € IFSRAI(S);
(iii) If P,R € IFSAI(S), then P N(r.5,) R € IFSAI(S).
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Proof. (i) Let p1,ps € S. Since P, R € IFSLAI(S), we have

ap(pip2)Tap(p) =0
and
ar(pip2)Tar(p2) = 0.

Therefore, by the associativity and commutativity of 7',
apnr 5, R(P1D2) TPy g R (D2) = ((aP(pIPQ)TaP(p2))T(aR(p1p2)T an(pg)))
=070 = 0.
Similarly,

Bp(p1p2)STBr(p2) =1
and

Br(p1p2)STPr(P2) = 1.

Hence, by the associativity and commutativity of S,
Bror s,y R(P102) STBPAG 5 R (P2) = ( (Bp(p1p2)SrBp(p2)) St (BR (P102) ST LR (Pz)))
=15r1 =1.
Therefore, P N(r,5,) R € IFSLAI(S).
Statements (ii) and (iii) are obtained similarly to (i). [l
Intuitionistic fuzzy anti-ideals can be characterized by their level subsets, as stated in the
following theorem.

Definition 19. An intuitionistic fuzzy (T, St) set of S is called an imaginable intuitionistic fuzzy
(T, St) set on S if it satisfies the imaginable property.
Theorem 4. P = (ap, Bp) is an imaginable intuitionistic fuzzy (T, St) set on S. Then, the

following statements hold:

(i) P € IFSLAI(S) if and only if for every t € Ar and s € Ag, witht + s < 1 and
(t,s) # (0, 1), the nonempty level set A ) is a left anti-ideal on S,

(ii)) P € IFSRAI(S) if and only if for everyt € Ap and s € Ag, witht + s < 1 and
(t,s) # (0, 1), the nonempty level set A, ) is a right anti-ideal on S,

(iii) P € IFSAI(S) if and only if for every t € Ap and s € Ag, witht + s < 1 and
(t,s) # (0, 1), the nonempty level set A ) is an anti-ideal on S.

Proof. (i) Lett € Ap, s € Ag,,t+ 5 <1, (t,5) # (0,1), and suppose that A, ;) # @ contains

elements py, p1pe With po € A ), p1 € S. Since P € IFSLAI(S), ap(p2)Tap(pip2) = 0 and

Bpr(p2)StBp(pip2) = 1. On the other hand, ap(p2), ap(p1p2) > t gives, by monotonicity of 7
andt € Arp,

0= ap(p)Tap(pip2) > tTt =1,
sot = 0; and Bp(p2), Bp(pi1p2) < s gives, by monotonicity of Sy and s € Ag,.,

1 = Bp(p2)SrBp(p1p2) < 8Srs = s,
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so s = 1. Hence (t,s) = (0, 1), contradicting the assumption. Thus no such pair exists, i.e.,
S - A(t,s) N A{t,s} = @ and A{t,s} S LAI(S).

Conversely, let py,ps € s and put ty := ap(p2)Tap(pip2). Since P is imaginable and Ar
is closed under 7', ¢y, € Ap. Suppose t; > 0, and set 5o := 1 — ¢y € Ag,. Thenty+ s9p =1
and (to, so) # (0,1). Moreover ty < ap(p2) A ap(pip2) and, since fp(x) < 1 — ap(x), we
have Bp(p2), Bp(pip2) < 1 —ty = so. Hence pa, p1p2 € Ag.s0)> 80 by (i) Ay s0) is a left
anti-ideal; but p;py = p1 - P2 € 5+ Atg,50) N Afto,s0)> @ contradiction. Therefore £, = 0. Next put
sq := PBp(p2)STPpr(p1p2) € As,.. Suppose s; < 1. Then (0, sp) is admissible t + s = s;, < 1 and

(0,50) # (0,1)), and since sy, > Bp(p2) V Bp(pip2), we have py, pipa € Agoqy- By (i), Agoqy
is a left anti-ideal, contradicting pips € s - Afg,q) N Ajo,s,}- Hence s; = 1.

Thus ap(p2)Tap(pipz) = 0 and Bp(p2)SrBp(pipz) = 1 for all p;,py € S, ie,
P € IFSLAI(S).

The proofs of (ii) and (iii) are similar. O

Corollary 2. Let P = (ap, Bp) be an imaginable intuitionistic fuzzy (T, St) set of S. Then, the
following statements hold:

(i) P € IFSLAI(S) if and only if the non- empty sets U(ap, \) and L(fp, \) are left anti-ideals
on S forevery A € (0,1) and A € Ar N Ag,,

(ii) P € IFSRAI(S) if and only if the non- empty sets U(ap,\) and L(Bp,\) are right
anti-ideals on S for every A\ € (0,1) and A\ € Ap N Ag,,

(iii) P € IFSAI(S) if and only if the non- empty sets U(ap, \) and L(Bp, \) are anti-ideals
on S forevery A € (0,1) and A € Ar N Ag,.

Theorem 5. Let f : S — S’ be a semigroup homomorphism, T' is infinitely \/-distributive, and
St is an infinitely N-distributive. P = (ap, Bp) € IFS(S). Then

(i) If P € IFSLAI(S), then f(P) € IFSLAI(S'),
(i) If P € IFSRAI(S), then f(P) € IFSRAI(S"),
(iii) If P € IFSAI(S), then f(P) € IFSAI(S").

Proof. (i) Let P € IFSLAI(S) and p},py € S’. Then there exist p;,ps € S with f(p1) = pj,
f(p2) = ph.

apey Pt Tarmy@) =\ ap(mp)T \/  ap(p)
f(p1p2)=pph f(p2)=rh

= \/ ap(p1p2)Tap(p2)

f(p1p2)=p)ph,f(p2)=D)

=0
Similarly, we can prove that 31 (p|p5) S8 p)(Py) = 1. Hence, f(P) € IFSLAI(S").

The proof of (ii) and (iii) is obtained similarly to (i). ]
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Theorem 6. Let f : S — S’ be a semigroup homomorphism, and let R = (ag, fr) € IFS(S").
Then, the following statements hold:

(i) If R € IFSLAI(S"), then f~\(R) € IFSLAI(S),
(ii) If R € IFSRAI(S"), then f~1(R) € IFSRAI(S),
(iii) If R € IFSAI(S"), then f~'(R) € IFSAI(S).
Proof. (i) Let R € IFSLAI(S’) and py,p2 € S.
ap-1(r) (P1p2) T () (p2) = ar(f(pip2)) Tar(f(p2))

= ar(f(p1)f(p2))Tor(f(p2))
= 0.

Also, Br-1(r) (P1p2) STBs-1(R) (P2) = Br(f(p1p2))STBR(f(P2)) = 1.
Thus, f~Y(R) € IFSLAI(S).

The proofs of the remaining assertions are similar. [

Definition 20. Let P = (ap, Bp) € IFS(S). P is called an intuitionistic fuzzy (T, St) bi-anti-
ideal of S if

ap(pipeps)Tap(pr)Tap(ps) = 0,
57?(191]?2]?3)STBP(pl)STﬁp(p:a) =1,

for all p1,pa, p3 € S.

The set of all intuitionistic fuzzy (7', St) bi-anti-ideals is denoted by IF'SBAI(S).

Example 4. Let (N*| +) be the semigroup, T = A, St =V and P = (ap, fp) defined by:

1
3 p S 2
Oép(p) =¢° .
0, otherwise.
0, p<2
Bp(p) =

1, otherwise.

Since ap(p1 + p2 + p3) = 0,6p(p1 + p2 + p3) = 1 for all py,ps,p3 € N* and hence P €
IFSBAI(N¥).

Proposition 5. Let A C Sand A # @. A € BAI(S) if and only if C* € IFSBAI(S).

Proof. Let A € BAI(S) and py,p3 € A, pa € S. pipaps ¢ Asince A € BAI(S). Thus,

QoA (plpzp?))TOécA (pl)TOécA (P3) =0

Bea(p1paps)StBea(pr)Srhea(ps) = 1.
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Clearly, if p; ¢ Aorps ¢ A,

aca(pipaps)Taga(pr)Taca(ps) = 0T1T1 = 0,
Bea(pipaps)StBoa(p1)SrBea(ps) = 1500570 = 1.

Therefore C4 € IFSBAI(S).

Conversely C4 € IFSBAI(S). Suppose that ASA N A # @. Then there exist p, € S,
p1,p3 € Awitha = pipops € ASAN A.

aga(pipeps)Taca(pr)Taga(ps) =1 # 0
Therefore A € BAI(S). O

Proposition 6. Let T and St be dual norms, P = (ap, Bp) € IFS(S). If P € IFSBAI(S), then
so is OP = (ap,ap).

Proof. The proof is similar to that of Proposition 3. [l

Proposition 7. Let T and St be dual norms, P = (ap, Bp) € IFS(S). If P € IFSBAI(S), then
so is oP = (Bp, Bp).

Proof. The proof is similar to that of Proposition 4. ]

Theorem 7. Let {P, | t € T} C IFS(S). If {P, | t € T} C IFSBAI(S), then (\,er Pt €
IFSBAI(S).

Proof. Let Pt S IFSBAI(S) and P1,D2,P3 € S.

an,,p (0102ps)Ton,_ p (p1)Tapn, 2, (03) = )\ o (p1p2ps)T )\ ap, (p)T N op.(ps)

teT teT teT

< /\ (ap, (P1paps) Tap, (p1)Tap, (p3))
teT

=0

Bver P (P1P203) STOA, o P (1) STB, P (P3) = \/ Bp, (P102p3) ST \/ Bp,(p1)ST \/ Bp, (p3)

teT teT teT
= \/ (57% (plpzpzs) StBp, (pl ) StBp, (p3>)
teT
=1
Therefore, (., P: € IF'SBAI(S). O

Remark 4. The union intuitionistic fuzzy (7, St) bi-anti-ideals may not be intuitionistic fuzzy
(T, St) bi-anti-ideal in general.
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Example 5. Ler S = {0,1,2,3}, -y = min(x +y,3), T = A, and St = V. Let P = (ap, fp),
R = (agr, Br) be intuitionistic fuzzy sets on S with the following tables:

Plo 1 2 3 R|0 1 2 3
ap|0 1 0 0 ar [0 0 1 0
Bp|1 0 1 1 Br |1 1 0 1

It is easily seen that P, R € IFSBAI(S). Since

OépuR(l -0 1)TO(7>U71<1)TO£7>U71(1) = (Oép(Q) V 0573(2))T(Oé7>(1> V aR(l))T(ap(l) \% 0473(1))
=(0Vv1LT(1Vv0)T(1Vvo0)
=1
70,
we have that P UR ¢ IFSBAI(S).

Theorem 8. Let P = (ap, Bp) and R = (ag, Br) be intuitionistic fuzzy sets on S. If P, R €
IFSBAI(S), then
P Nr,sp) R € IFSBAI(S).

Proof. Let py,pa,p3 € S. Since P, R € [FSBAI(S), we have

ap(pipaps)Tap(pr)Tap(ps)
ar(p1peps)Toar(p1)Tar(ps)

Y

0
0.

Therefore, by the associativity and commutativity of 7',

OéPmmST)R(p1p2p3)TOZPm(T,ST)R(p1)TOsz(T,ST)R(p:a)
= (ap(pipeps) Tar(pipaps)) T (op (p1) Tor(p1)) T (ap(ps) Tar(ps))

= (ap(pipaps)Tap(p1)Tap(ps)) T (ar (p1paps) Tor (p1)Tor(ps))
=0T70=0.

Similarly,

9

Bp(p1p2p3) StBp(p1)Srbr(ps) = 1
1.

Br (plpzps)STﬁn (p1 ) StBr <p3)

Hence, by the associativity and commutativity of S,

Bpar.s, R (P1P2D3) ST PP 5 R (P1)STBPA 1 5, R (P3)

= (Bp(p1p2p3)StBr(p1)S18p(p3)) St (Br (P1p2ps) STBR (1) STAR (P3))
=1571 =1.

Therefore, P N(r,s,) R € IFSBAI(S). O
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Theorem 9. Let P = (ap,Pp) be an imaginable intuitionistic fuzzy (T,Srt) set on S.
P € IFSBAI(S) if and only if for every t € Ar and s € Ag, satisfying t +s < 1 and
(t,s) # (0, 1) the level set A 5), whenever nonempty, is a bi-anti-ideal of S.

Proof. Suppose first that P € IFSBAI(S). Let Ay ) be nonempty and assume that it is not a
bi-anti-ideal. Then there exist p;, p3 € A(s) and po € S such that pypops € A s). Hence,

0 = ap(pipps)Tap(p)Tap(ps) > tTTt = ¢,
1 = Bp(p1p2ps) StBr(p1)SrBr(p3) < sSrsSrs = s.
Thus, t = 0 and s = 1, contradicting (¢, s) # (0, 1). Therefore, A ) is a bi-anti-ideal of S.
Conversely, suppose that every nonempty admissible level set A ,) is a bi-anti-ideal. For
P1, P2, p3 € S, put

t = min{ozp(plpgpg), aP(pl)a 0473(]73)},
s = max{fp(p1p2p3), Br(p1), Br(ps3)}-

Since P is imaginable, t € Ay and s € Ag,.. Moreover, t + s < 1.
If (t,s) # (0,1), then
D1, D3, P1P2P3 € Aes),

which contradicts the assumption that A, ,) is a bi-anti-ideal. Hence, (¢, s) = (0, 1). Therefore,

ap(p1peps)Tap(pr)Tap(ps) =0

and

Bp(p1p2ps) STBp(p1)STBp(ps) = 1.
Thus, P € IFSBAI(S). O
Corollary 3. Let P = (ap,Bp) be an imaginable intuitionistic fuzzy (T,Sr) set on S.

P € IFSBAI(S) if and only if the nonempty sets U(ap, \) and L(Bp,\) are bi-anti-ideals
of S forevery A\ € (0,1) and A € Ar N Ag,.

Theorem 10. Suppose that f : S — S’ is a semigroup isomorphism, and let P = (ap, Bp) €
IFS(S). If P € IFSBAI(S), then f(P) € IFSBAI(S").

Proof. Let P € IFSBAI(S) and p), ph, p5 € S’. Then there exist py,p2, ps € S with f(p;) =

Py, f(p2) = 1, f(ps) = ph.

Qfp) (pﬁpépé)Taf(P)(pi)Taf(P)(pé) = \/ ap(pipaps)T \/ ap(p)T \/ ap(ps)
f(p1p2ps)=pp5rs f(p1)=p} f(p3)=p4

= \/ ap(pipaps)Tap(p1)Tap(ps)
f(p1p2p3)=p)psps, f(p1)=p],f(p3)=p}

=0

Similarly, we can prove that 3 p (P} p505) ST B8Py (D)) STBrPy (05) = 1.
Hence, f(P) € IFSBAI(S"). O
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Theorem 11. Suppose that f:S — S’ is a semigroup homomorphism. R = (ar, fr) € IFS(5’).
If R € IFSBAI(S"), then f~'(R) € IFSBAI(S).

Proof. Let R € IFSBAI(S') and py, p2,ps € S.

Af-1(R) <p1p2p3>T05f*1(R) (p1>T05f*1(R) (p3) = OéR(f(Plpﬂ?s))TOéR(f(pl))TOéR(f(ps))

= Oén(f(Pl)f(p2)f(P3))TO‘R(f(p1>)TO‘R(f(p3>)
=0.

Similarly, it can be seen that ;-1 g)(p1p2ps)SrBs-1(r)(01)STB-1(r)(P3) = 1. Thus,
FU(R) € IFSBAI(S). O

Theorem 12. Every intuitionistic fuzzy (T, St) left or right anti-ideal of S is an intuitionistic
fuzzy (T, St) bi-anti-ideal.

Proof. Let P € IFSLAI(S). For py,ps,ps € S,

0 < ap(pipeps)Tap(pr)Tap(ps) < ap((pip2)ps)Tap(ps) =0

Similarly, it can be seen that 1 > Bp((p1p2)p3)StBr(p1)SrPr(ps) = 1. Thus, P € IFSBAI(S).
The proof for a right anti-ideal is analogous. ]

4 Conclusion

The definitions of intuitionistic fuzzy (7', Sr) left anti-ideals, right anti-ideals, anti-ideals, and
bi-anti-ideals were given by using a ¢t-norm together with its dual ¢-conorm. In this way, anti-ideal
type structures were described by both membership and non-membership functions. The main
properties of these structures were investigated. In particular, the connection between classical
anti-ideals and intuitionistic fuzzy anti-ideals was obtained by means of characteristic functions.
Moreover, characterizations based on level subsets were given, and the behavior of these structures
under homomorphisms, inverse images, and isomorphisms was examined. It was also shown
that every intuitionistic fuzzy (7', Sr) left or right anti-ideal is an intuitionistic fuzzy (7, St)
bi-anti-ideal.

These results show that the proposed approach gives a natural extension of anti-ideal theory in
semigroups. The framework may be useful for further studies on generalized anti-ideals, ordered
semigroups, and other algebraic structures involving uncertainty.
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