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Abstract

In this paper, we give the concept of picture fuzzy almost ideals, minimal picture
fuzzy almost ideals, and prime (semiprime, strongly prime) picture fuzzy almost ideals in
semigroups. We prove the basic properties of picture fuzzy almost ideals in semigroups.
Moreover, we investigate the connection between almost ideals and picture fuzzy almost
ideals in semigroups.
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1. Introduction

The concept of fuzzy sets was established by L. A. Zadeh in 1965 [20].
This tool is highly effective in managing uncertainties. Since its
introduction, numerous authors have utilized it across various fields,
including mathematics, computer science, physics, and chemistry. In 1981
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Kuroki [7], discussed the concept of fuzzy subsemigroups and fuzzy
generalized bi-ideals in semigroups. In 1981, Bogdanvic, [1] studied
definitions of almost bi-ideals in semigroups and studied properties of
almost bi-ideals in semigroups. Later, Chinram gives definition definitions
of the types of almost ideals in semigroups such that almost quasi-ideal
[15]. In 2020, Chinram et. al [5] sutdied almost interior and weakly almost
interior ideals in semigroups and proved the properties of its. In 2022, R.
Chinrm et. al [2] developed the almost bi-quasi-interior ideal and fuzzy
almost bi-quasi-interior ideal in semigroups. Moreover, related research to
various types of almost ideals has been studied in other algebraic structures
(see, e.g., [6, 8,10, 13, 12, 15, 14]). In 1986 K. T. Atanassov [16], established
the concept of intuitionistic fuzzy sets such that it both a degree of
membership and a degree of non-membership are real number between 0
and 1. Yager [17, 18] studied Pythagorean membership grades in
multicriteria decision making. Picture fuzzy set and Pythagorean fuzzy
set is a generalization of the Zadeh ‘s fuzzy set and the Antanassov
intuitionistic fuzzy set. Cuong et al. [3] were studied the picture fuzzy
logic. Later in 2020 Yiarayong [19] used the concept of picture fuzzy sets to
semigroup theory and picture fuzzy left (right) ideals and picture fuzzy
bi-ideals of semigroups. The theory of (m,n)-ideals in semigroups was
studied by Lajos in 1963 [11]. The notion of (m,n)-ideals of semigroups
generalized the notion of one sided ideals of semigroups. Recently, W.
Nakkhasen [9] discussed concept picture fuzzy (m, n)-ideals of semigroups
and investigated some basic properties of picture fuzzy (m,n)-ideals of
semigroups. In the same year, T. Gaketem [4] studied concept of interval
valued fuzzy almost (m,n)-ideals in semigroups.

In this paper, we study concept of picture fuzzy almost ideals,
minimal picture fuzzy almost ideals, and prime (semiprime, strongly
prime) almost picture fuzzy ideals in semigroups. We proved the basic
properties of picture fuzzy almost ideals in semigroups. Finally, we study
the connection between almost ideals and picture fuzzy almost ideals in
semigroups.

2. Preliminaries

In this section, we introduce certain concepts and findings that will
be beneficial in subsequent sections.
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Definition 2.1: Let 7 be a semigroup (SG).

* A subsemigroup (SSG) of T is a nonempty set L of 7 such that
LLc L.

o A left ideal (I Id) [right ideal (r Id)] of 7 is a nonempty set L of
T such that 7Lc L. [LT cL]. By an ideal (Id) of T, we mean a
nonempty set of 7 whichisbothalld and arlId of 7.

¢ An almostideal (A-Id) L of 7 if uLNnL#& and LdnL= & for all
u,deT.

Theorem 2.2: [15] Every Id L of a SG T is an A-Id of 7.
Let Int be the closed interval zero to one. For any z elnt, ieJ,
define

= z.} and z =inf{z }.
vz, sujp{ B Az =infiz )

For any elements z,r € Int, we have

zar=min{z,r} and zvr=max{z,r}.

A fuzzy set (fuzzy subset) of a nonempty set 7 is a function
p:7T — Int.

Let p and v fuzzy setsof a 7, define the symbol as follows:
(1) pzve p(@)2v(0) forall 0e7T,
(2) p=v&ep2vand v2p,
(3) (pAV)0)=p(0) Av(0)=min{p(®),v(®)} for all 07,
4) (pv)(©)=p(Q)vv(0)=max{p(?),v(0)} forall 0T,
)
)

—~ o~

5) pcv if p(0)<v(0) forall 0T,
6) (pNV)(©)=min{p(?),v(?)} and (puv)(®)=max{p(0),v(0)} for all
0eT.

(7) the support of p instead of supp(p)={0eT | p(0)=0} For the symbol
pp pp y
p<0V, wemean v 2 p.

For zeT and teInt, a fuzzy point (Fp) x, of aset 7 is a fuzzy set
of T defined by

0 ifz#x

xf(z)={t ifz=x
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Definition 2.3: [16] An intuitionsic fuzzy set (IF set) T in a nonempty set
7T is an object having the form

Ti={(z,p(2), v, (2) | z€ T},

where p_:7 — Int is the degree of membership and v_:7 — Int is the
degree of non-membership such that 0< p_(z)+v.(z)<1 forall zeT.

We will use the symbol T=(p.,v.) for the IF set T={(z, p.(2),
v.(2)) | zeT}

Definition 2.4: The picture fuzzy set (PFset) T onaset 7 is defined the

form

T:=1(2,p:(2),0,(2),6:(2)) [ €T},

where p_:7 — Int is the degree of positive membership, v :7 — Int is
the degree of neutral membership and 6. :7 — Int is the degree of
negative membership such that 0 < p_(z) + v, (z) + 6,(z) <1 for all
zeT.

We shall use the symbol T=(p_,v.,6.) for the PF set .={(z, p.(2),
v.(2), 6.(2)) | zeT}

For PF sets T, =(p§1,vsl,62) and %, =(p¢z,v§2,5iz) of 7, defined the
relation as follows:

(1) % c%, ifand only if pg(z) <pg (2), v%(z) 20 (z) and 6g (2) < 6,22 (z)
forall zeT,

(2 T, =% ifandonlyif T %, and T, T,
(B) TNT, =105 AP )@ (0, v, )@, (6, ()VE, ()|zeT),
@) TUT, = (05 v P ), (05 AV )5 (D AS, (2] T),

For zeT, define F ={(u,w)eT xT |z=uw}.
For PF sets 3Il=(pq,,1)2511) and Szz(pgz,,vzﬁ%), defined the

products ¥, T, = (pzl °p; Vg oV ,5Tl o 532) as follows:
v (o5 Ap @) if F#2,

(P °ps J(I1) = {waler
0 if otherwise.
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A {v%(y)vv%(z)} it F#0,
(h) =4 W<k,

0 if otherwise.

(v °v;)

and

A {551(u)v5i2(w)} if F#4,
(8, =6, )(h) = {wiorr

0 if otherwise.

Definition 2.5: [19] Let £ be a nonempty set of a set 7. A picture
characteristic function y, = (ph ,vh,élﬁ)

1 ¢l
0):= !
ph() {O OeLl,

and

0 ¢0el,
v, (0):=
ZL() {1 OeL,

and

0 ¢el
5. (0):= !
u( ) {1 OgL,

To simplify matters, we will employ the symbol .= (5Z£,ph) for
the IF set x,. :={(0, P, ©), v, (0),5){[ ©))0eT}.

Lemma 2.6: Let y, and x, beany two PF sets of a SG T. Then, the following
properties hold:

M X =200 %0

@) X =xiox-

Definition 2.7: A PF set T=(p.,v.,6;) on a SG T is called a picture
fuzzy subsemigroup (PF-SSG) of 7 if it satisfies the following conditions:
M ps(zr) 2 ps(2) A ps(r),
(2) v(zr)<v (2)vo(r),
(B) 6.(zr)<0.(2)v ().

forall z,reT.



1822 P. KHAMROT AND T. GAKETEM

Definition 2.8: A PF set T=(p.,v,,6,) on a SG 7 is called a picture
fuzzy 1 Id (PF-1 Id) [picture fuzzy r Id (PF-r Id)] of 7 if it satisfies the
following conditions:

(D) ps(zr)2 p(r) [po(zr) 2 po(2)],
(2) v (zr)<v.(r) [v(zr) <xi(2)],
(B) 6.(zr)<0.(r) [0, (2zr) < 6.(2)].

forall z,reT.

3. Main Results

Within this segment, we delineate the concept of PFA-Ids and
investigate their properties within SGs.

Definition 3.1: APFset T=(p_,v.,6,) ofaSG 7 is called a PF almost left
Id (PFA-11d) of T if (x,op)Ap. #0, (x,ov.)vv, #0 and (x,00.)vé, #0
forany Fp x, eT.

Definition 3.2: A PF set T=(p.,v.,0.) of aSG T is called a PF almost
right Id (PFA-r Id) of 7 if (p ox)Ap,#0, (v .ox)vv, #0 and
(0;0x,)vo, #0 forany Fp x, €7.

Example 3.3: Every PF-11d of a SG T is a PFA-11d (PFA-rId) of 7.

Theorem 3.4: If T, =(p;,v;,6;) is a PFA-l Id (PFA-r Id) of a SG T and
T, = (pzz,v(%,ész) is a PF subset of T such that ¥ %, then X, isa PFA-11d
(PFA-rId) of T.

Proof: Suppose that T, =(p¢],v‘;,5§1) is a PFA-1 Id of a SG 7 and
g, = (p%,viz,Siz) isaPFsubsetof T, ¥ c%,. Thenforany Fp x, €T,

(xtopg)/\pg =0, (xtovg)vvZl =0 and (xt"azl)v% #0. Thus,
0#(x,op )Aps S (X, 0P ) AP,
Oi(xtov%)vvgg(xfovg)vv%,

and

O;t(xto5g)v52 g(xto5%)v532.
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Hence (x,° pzz)/\pTZ #0, (x, ovg)v v # 0 and (x, OSTZ)V 532 0.
Therefore, T, is a PFA-Id of 7.

Theorem 3.5: Let T, = (pg,vg,ég) and %, =(pxz,vzz,5xz) be PFA-11d (PFA-r
Id)sof a SG T. Then % V%, isalsoa PFA-11d (PFA-r 1d) of T .

Proof: Since T, <%, T, by Theorem 3.4, T U%, isa PFA-11d of 7.

Theorem 3.6: Let L be a nonempty subset of a SG T. Then L is an A-11d (A-r Id)
of T ifandonlyif x, = (pr’vxL’alL) is a PFA-11d (PFA-r Id) of T.

Proof: Let Lis an A-11d of 7. Then uLNL# < for all ue 7. Thus, there
exists ce7 such that ceul. and cel. Let ue7 and te(0,1]. Then
(x, 0 P, )©)#0, (x,o0 v, )©)#0, (x,0 511. )c)#0 and P, (©)=1, v, (c)=0,
51, (c)=0. Thus, ((x, oph) A px,) (©)#0, ((x, °vx,) v vxl.) ()20 and
((xto5x’) v 6%) ()0 so (xtopll) Ap, #0, (xtovx’) v, #0 and
(x, 0511) v 5% # 0 Hence, y, = (px, $0,, 511) isa PFA-11d of 7.

Conversely, let X, = (px,4’vx,,’5x,<) is a PFA-1Id of 7 and let xe7
and te(0,1]. Then (x,op, ) A P, 20, (x,°v,) Y v, #0 and (¥, °8,)V
8, #0 Thus there exists ce7 such that ((x,op, ) A P,,) (c)#0,
((xtovh) v vh) ()20 and ((x, °5xL) % 5xL) (c)#0. It implies that
(x,°p,) ©#0, (x,ov,) (0)#0, (x, °d,) (=0 and p, (c)=1, v, (c)
and 5xL (c) are equal to zero. Thus, ceul and ceL. Hence, ccyl. ~L. So

uLNL#D. We conclude that L is an A-11d of 7 -

Theorem 3.7: Let T=(p.,v.,8;) be a PF subset of a SG T. Then
T=(p;,V;,0,) is a PFA-L1d (PFA-r Id) of T if and only if supp(%) is an A-l
Id (A-r1d) of T.

Proof: Let £=(p.,v.,6,) isa PFA-l1Id of 7, ue7 and te(0,1]. Then
(x,op) A pe#0, (x,ov) v o, #0 and (x,06,) v 6, #0. Thus, there
exists ze7T such that ((x,op.) A p;) (2)#0, (x,°0v;) v v;) (2)#0 and
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((x,06,) v 6,) (2)#0. So p.(z), v (z) and O.(z) are not equal zero.
There exists we7 such that z=xw and p (w)#0, and v (w)#0 and

0. (w)#0. Thus ((x, O)“supp(p,r)) A /lsupp(ps)) ()20, ((x, o),supp(%)) v /ISW%))

(2)#0 and ((x,°2,,5.)) v Ays) (2)#0. Hence, (x,04,, 0 ) A A,

#0, (x, oﬂ,supp(%)) v ﬂ,supp(v‘:) #0 and (x, °2'supp(5g>) Y% Asupp(ét) # 0. Therefore,

A is a PFA-11d of 7. Which it implies that supp(¥) is an A-11d of T

supp(T)
by Theorem 3.6.

Conversely, let supp(%) is an A-11d of 7. From Theorem 3.6, 4,
is a PFA-11d of 7. Then for any Fps x, €7, (x, O)“supp(p,z)) A /lsupp(pz) =0,
(x, °/lsupp(u1>) v /”Lsupp(uz) #0 and (x, O/lsupp(&z)) v ﬂ'supp(5¢) #0. Thus, there
exists ce7 such that ((x, Olsupp(p.r)) A lsupp(pg)) (=0, ((x, olsupm%)) v
),S”pp(%)) (c)#0 and ((x, O/ISUW@)) Y% ),S”pp(ai)) (c)#0. Hence, ((x,op;) A ps)
(©#0, (x,ov) v ) ()0 and ((x,06,) v 6.) (c)#0. So there exists
weT such that z=xw and p (w), v (w), 6.(w), p.(z), v (z) and

0.(z) are not equal to zero implies (x,op.) A p. #0, (x,ov.) Vv v #0
and (x,06.) v 6. #0. Therefore, T=(p.,v,,0,) isa PFA-l1d of 7.

Next, we explore minimal PFA-1 Id (Mn PFA-r Id) Ids in SGs and
examine the connections between minimal A-11d (Mn A-rlds) and minimal
PFA-11ds (Mn PFA-r Ids) within SGs.

Definition 3.8: An A-11d (A-rIds) Kof aSG 7 is called minimal (Mn) if for
any A-11d (Mn A-rlds) M of T if whenever M c K, then M =K.
Definition 3.9: A PFA-11d (PFA-r Id) £=(p.,v.,6,) of aSG T is called
minimal (Mn) if for any PFA-1 Id (PFA-r Id) ¥ =(p¢l,v$l,5$l) of 7 if
whenever ¥ ¥, then supp(T) = supp(%).

Theorem 3.10: Let L be a nonempty subset of a SG T. Then L is a Mn A-1 Id
(A-rld) of T if and only if %, =(p, ,v, ,5% ) is a Min PFA-I Id (PFA-r Id) of
7.

Proof: Let L is an Mn A-11d of 7. Then L is an A-11d of 7. Thus, from
Theorem 3.6, x, =(pZL,vxL,5ZL) is a PFA-Id of 7. Let T=(p.,v.,6.) be
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a PFA-11d of 7 such that Tc y, Then supp(%)  supp(x,) =L. Form
Theorem 3.7, supp(%) is an A-11d of 7. Since L is an Mn we have supp(%)
= L = supp(yx,). Therefore, y, = (pr’vxL’6xL) is an Mn PFA-11d of 7.

Conversely, let y, = (ph,vhﬁh) is an Mn PFA-l1 Id of 7. Then
X = (pr v, ,5ZL) is a PFA-11d of 7. Thus, from Theorem 3.6, L is an A-1
Id of 7. Let Mbe an A-11d of 7 such that M c L. Then y,, = (po sV,
5xM) is a PFA-11d of T such that y,, < x,. Thus, supp(yx,,) < supp(x,).
Since y, = (ph, v, 6XL) is an Mn PFA-1 Id of T we have supp(y,,) =
supp(y,)- Thus, M = supp(x,,) = supp(x,) = L. Hence, L is an Mn A-11d
of 7.

Corollary 3.11: Let 7 be a SG. Then 7 has no proper A-Id if and only if
for all PFA-Ids T =(p,,v.,0,) of T, supp(¥)=T.

4. Prime PFA-Ids in SGs

Within this section, we elucidate the concept of prime (semiprime,
strongly prime) A-Id in SGs. We prove connection between prime
(semiprime, strongly prime) A-Ids and prime (semiprime) semiprime
PFA-Ids in SGs.

Definition 4.1: Let 7 be a SG.

e AnA-IdLof T iscalled prime (PA-1d) if for any A-Ids R and G of T
such that RG c L implies that Rc L or Gc L.

* An A-Id L of 7 is called semiprime (SA-1d) if for any A-Id R of T
such that R*> ¢ L implies that Rc L.

e An A-Id L of T is called strongly prime (SPA-1d) if for any A-Ids R
and G of 7 such that RGNGR c L. implies that Rc L or Gc L.
Definition 4.2: Let T=(p.,v.,6.) bea PFA-Id of a SG T is

1. a PF prime A-Id (PFPA-Id) of T if for any A-Ids & =(p,,v,,6,) and
R =(py,Vy,0y,) of T, KoM T implies that R T or R T,
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2. aPF semiprime A-1d (PFSA-Id) of T if for any A-Id R =(p,,v,,6,) of
7T, & T implies that Rc %,

3. aPFstrongly prime A-Id (PFSPA-1d)of T ifforany A-Id & =(p,,v,,6,)
and R=(p,,V,,0,) of 7T, (RoR)N(ReR)cT implies that
RAc% or RcX.

It is clearly, every PFSPA-Id of a SG is a PFPA-Id, and every PFPA-Id
of a SG is a PFSA-Id.

This theorems follows we study relation between PA-Ids (SA-Ids,
SPA-Ids) and PFPA-Ids (PFSA-Ids, PFSPA-Ids) in SGs.

Theorem 4.3: Let L be a nonempty subset of a SG T. Then L is a PA-Id (SA-Id)
of T ifandonly if x, =(p, ,v, ,8,) isa PFPA-Id (PFSA-Id) of T.

Proof: Let L is a PAId of a SG 7. Then L is an A-Id of 7. Thus, from
Theorem 3.3, yx, :(pr’UzL’6xL) is a PFA-Id of 7. Let T=(p.,v,,0,)
and R =(p,,v,,0,) be PFA-Id such that p_op, < Py + VzoUy v, and
8,006,206, . Let p. £p,, v #v, and 6. %6, or p,£p,, UV, £V,
and 6, 26&' Then there exist h,reT such that p_(h), v (h), 0.(h),
Py (r), v, (r), 6,(r) are not equal to zero. While pr(r)' vh(r) and 5IL(r)
are equal to zero. Thus, hesupp(¥) and, but h,reL. So supp(T)ZL
and supp(R)¢Z L. Since supp(T) and supp(R) are A-Ids of 7 we have
supp(T) supp(R) € L. Thus, there exists v=de for some desupp(¥T)
and e esupp(R) such that veL. Hence P, (v)=0, and v, (v)=0 and
5}@ (v) =0 implies that (p, ° p,,)(v) =0, (v, v, )(©)=0 and (6, °,)(v)=0.
Since popy <p,, VoV, 20, . we have desupp(T) and eesupp(R).

Thus, v (d), 6.(d), py(e), v,(e), J,(e) are equal to zero. It implies that

(Ps °pp)(0) = N {p:(d) A py(e)} =0,

e)er,

(Vg oV, )(@) = A (v (d)vvy(e)}#0

e)eF,

and
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(05 06,)(v)= (d/)\F {0.(d)vé,(e)}#0.

It is a contradiction so p . < P, V2V, and 6, > 511‘ or p,<p,,
Uy 20, and 6, > SxL Therefore y, = (P, ’vxL’5xL) is a PFPA-Id of 7.

Conversely, let y, = (P, v, ,59@) is a PFPA-Id of 7. Then
X = (ph,vh ,6ZL) is a PFA-Id of 7. Thus by Theorem 3.6, L is an A-Id of
T. Let F and R be A-Ids of 7 such that FRc L. Then y, = (ph S, ’5;5;)
and yx, = (P, v, ,SXR) are PFA-Ids of 7. By Lemma 2.6 Py, °P, =
plm
plr Spll 4 vlr Zvll and 6)(; 269(1 or le < pZR’ UZR = ‘UZR and 69()2 = 6112'
Thus, Fc L or Rc L. Therefore L is a PA-Id of 7.

<p,, v, oV, =v,_2v and §, o6, =06 20 . By assumption,
XL XF R XEr XL Xr R XrR XL

Theorem 4.4: Let L be a nonempty subset of a SG T. Then L is a SPA-Id of T
ifand only if x, =(p, v, ,0,)isa PESPA-Id of T.

Proof: Let L is a SPA-Id of a SG 7. Then L is an A-Id of 7. Thus by
Theorem 3.6, yx, =(px’,vll,5%) is a PFA-Id of 7. Let T=(p.,v.,0,)
and R=(p,,v,,8,) be PFA-Id such that (p,opy) A (pypl) < P, ,
(V;0v) U (U, 00) © v, and (6, °0,) U (6, °0.) C 5“. Assume that
PuLp, or pyLp,, vyLv, or v,Zv and 5, ¢S5, or 6,5, .
Then there exist h,re7 such that ¥,(h), &.(h), &.(h), V,(r), &,(r)
and J,(r) are not equal to zero. While ﬂll (r), éh (r) and 5ZL(1’) are equal
to zero. Thus, hesupp(§) and resupp(R), but h,reL. So supp(F)ZLL
and supp(R)Z L. Hence, there exists pe [supp(F) supp(R)] N [supp(R)
supp(§)] such that pgL. Since pesupp(§) supp(R) and p e supp(R)
supp(§) so p=de, and p=e,d, for some d,,d, € supp(§) and for some
e,,e, € supp(R). Thus

(s op)P)= \/ {p;(d)Apy(e)}=0,

(hey)eF,

(Vs o) ()= A {05(d)vE(e)}#0

1e))eE,
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and

(6, °6,)(p)= A {6.(d,)v 8,(e,)} 0.

1)<k,

So (p;opy) (P)#0, (V;00,) (p)#0 and (J;°8,) (p)#0. Similarly
(P °p;) (P)#0, (vyov;) (p)#0 and (6, °6;) (p) #0. It is a contradiction
so (p;opy) (P)=0, (v ov,) (p)=0 and (§;°6,) (p)=0. Similarly
(pg)q opg) (p)=0/ (vm ovg) (p)=0 and (69q 055) (p)= 0 Hence/ pm < pl[_ or
PrSP,, VxSV, OF Uy, and J, c 61’ or 6, c 6xk' Therefore,
X = (px’ v, ,611 ) is a PFSPA-Id of 7.

Conversely, let yx, = (pr ’vxL’SxL) is a PFSPA-Id of 7. Then
X = (px 0, ,Sx ) is a PFA Id of 7. Thus, from Theorem 3.6,
X = (px /0, ,5){ ) is an A-Id of 7. Let Z and R be A-Ids of 7 such that
ZRNRZc L. Then g, = (ph v, ,5ZZ) and y, = (plk,vlk ,5%{) are PFA-Ids

of 7. By Lemma 2.6 p op =p,  <p,, v o0 =0 20 and
Z R L

XzR Xz Xr Xzr X

= > i < > >
6,6, =96, =206, . Byassumption, p <p , v, _2v, and§ =5 or

p, <p., v, >2v, and 6, =26 . Thus ZcL or RcL. We conclude
xR XL V43 XL Xr XL

that L is a PA-Id of 7.

Conclusion

Within this manuscript, we introduce the concept of PFA-Ids in SGs
and investigate their properties. Moreover, we delineate the connection
between PFA-Ids and A-Ids. In the future, we plan to explore other types
of PFA-Ids in SGs or within the algebraic context.
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