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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   be a semigroup (SG). 
•	� A subsemigroup (SSG) of   is a nonempty set L of   such that 

.LL L⊆  
• 	� A left ideal (l Id) [right ideal (r Id)] of   is a nonempty set L of 

  such that .L L⊆  [ ].L L⊆  By an ideal (Id) of T, we mean a 
nonempty set of   which is both a l Id and a r Id of .� 

• 	� An almost ideal (A-Id) L of   if uL L∩ ≠∅  and Ld L∩ ≠∅  for all 
, .u d∈  

Theorem 2.2: [15] Every Id L of a SG   is an A-Id of .� 
Let Int  be the closed interval zero to one. For any ,iz Int∈  ,i∈  

define 
infsup:= { } and := { }.i i i iii ii

z z z z
∈∈ ∈∈

∨ ∧
 

For any elements , ,z r Int∈  we have
= min{ , } and = max{ , }.z r z r z r z r∧ ∨

A fuzzy set (fuzzy subset) of a nonempty set   is a function
: .Intr →

Let r  and u  fuzzy sets of a ,  define the symbol as follows: 
(1)	 ( ) ( )r u r u≥ ⇔ ◊ ≥ ◊  for all ,◊∈  
(2)	 =r u r u⇔ ≥  and ,u r≥  
(3)	 ( )( ) = ( ) ( ) = min{ ( ), ( )}r u r u r u∧ ◊ ◊ ∧ ◊ ◊ ◊ for all ,◊∈  
(4)	 ( )( ) = ( ) ( ) = max{ ( ), ( )}r u r u r u∨ ◊ ◊ ∨ ◊ ◊ ◊  for all ,◊∈  
(5)	 r u⊆  if ( ) ( )r u◊ ≤ ◊  for all ,◊∈  
(6)	� ( )( ) = min{ ( ), ( )}r u r u∩ ◊ ◊ ◊  and ( )( ) = max{ ( ), ( )}r u r u∪ ◊ ◊ ◊  for all 

.◊∈  
(7)	� the support of r  instead of ( ) = { | ( ) 0}supp r r◊∈ ◊ ≠  For the symbol 

,r u≤  we mean .u r≥  

For z∈  and ,t Int∈  a fuzzy point (Fp) tx  of a set   is a fuzzy set 
of   defined by 

if =
( ) =

0 if t

t z x
x z

z x



≠
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Definition 2.3: [16] An intuitionsic fuzzy set (IF set) T  in a nonempty set 
  is an object having the form 

:= {( , ( ), ( ))| },z z z zr u ∈
T T

T 

where : Intr →
T
  is the degree of membership and : Intu →

T
  is the 

degree of non-membership such that 0 ( ) ( ) 1z zr u≤ + ≤
T T

 for all .z∈  
We will use the symbol = ( , )r u

T T
T  for the IF set = {( ,zT ( ),zr

T

( ))zu
T

| }.z T∈

Definition 2.4: The picture fuzzy set (PF set) T  on a set   is defined the 
form 

:= {( , ( ), ( ), ( ))| },z z z z z Tr u d ∈
T T T

T

where : Intr →
T
  is the degree of positive membership, : Intu →

T
  is 

the degree of neutral membership and : Intd →
T
  is the degree of 

negative membership such that 0 ≤ ( )zr
T

+ u
T

( )z + ( )zd
T

≤ 1  for all 
.z∈  

We shall use the symbol = ( , , )r u d
T T T

T  for the PF set = {( ,z
T

( ),zr
T

( ),zu
T

( ))zd
T

| }.z∈

For PF sets 
1 1 11 = ( , , )r u d
T T T

T  and 
2 2 22 = ( , , )r u d
T T T

T  of ,  defined the 
relation as follows: 

(1)	�  1 2⊆T T  if and only if 
1 2
( ) ( ),z zr r≤

T T
 

1 2
( ) ( )z zu u≥

T T
 and 

1 2
( ) ( )z zd d≤

T T
 

for all ,z∈  

(2)	 1 2=T T  if and only if 1 2⊆T T  and 2 1 ,⊆T T  

(3)	
1 2 1 2 1 21 2 = {( )( ),( )( ),( ( ) ( ))| },z z z z zr r u u d d∩ ∧ ∨ ∨ ∈
T T T T T T

T T   

(4)	
1 2 1 2 1 21 2 = {( )( ),( )( ),( ( ) ( ))| }.z z h z zr r u u d d∪ ∨ ∧ ∧ ∈
T T T T T T

T T   

For ,z∈  define = {( , ) | = }.zF u w z uw∈ × 
For PF sets 

1 1 11 = ( , , )r u d
T T T

T  and 
2 2 22 = ( , , ),r u d
T T T

T  defined the 

products 
1 2 1 2 1 21 2 = ( , , )r r u u d d   

T T T T T T
T T  as follows:

1 2

1 2
( , )

{ ( ) ( )} if , 
( )( )

0 if otherwise.
h

h
u w F

u w F
h

r r
r r ∈

 ∧ ≠ ∅= 


∨


T T

T T



ON PICTURE FUZZY ALMOST IDEALS OF SEMIGROUPS� 1821

1 2

1 2
( , )

{ ( ) ( )} if , 
( )( ) =

0 if otherwise.
h

h
y x F

y z F
h

u u
u u ∈

 ∨ ≠ ∅



∧


T T

T T

and 

1 2

1 2

( , )
{ ( ) ( )} if , 

( )( ) =
0 if otherwise.

h
u w Fh

u w F
h

d d
d d ∈

 ∨ ≠ ∅




∧


T T

T T

Definition 2.5: [19] Let   be a nonempty set of a set .  A picture 
characteristic function = ( , , )c c cc r u d

    

1 ,
( ) :=

0 ,cr
 ◊∈◊ 

◊∉


  

and 

0 ,
( ) :=

1 ,cu
 ◊∈◊ 

◊∉


  

and 

0 ,
( ) :=

1 ,cd
 ◊∈◊ 

◊∉


  

To simplify matters, we will employ the symbol = ( , )c cc d r
   for 

the IF set := {( , ( ), ( ), ( ), )| }.c c cc r u d◊ ◊ ◊ ◊ ◊∈
   

Lemma 2.6: Let Lc  and Lc  be any two PF sets of a SG .  Then, the following 
properties hold: 

(1) .
(2) .

K L L L

KL L L

c c c
c c c

∩ = ∩

=   

Definition 2.7: A PF set = ( , , )r u d
T T T

T  on a SG   is called a picture 
fuzzy subsemigroup (PF-SSG) of   if it satisfies the following conditions: 

(1) ( ) ( ) ( ),
(2) ( ) ( ) ( ),
(3) ( ) ( ) ( ).

zr z r
zr z r
zr z r

r r r
u u u
d d d

≥ ∧

≤ ∨

≤ ∨

T T T

T T T

T T T

for all , .z r∈  
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Definition 2.8: A PF set = ( , , )Fr u d
T T

T  on a SG   is called a picture 
fuzzy l Id (PF-l Id) [picture fuzzy r Id (PF-r Id)] of   if it satisfies the 
following conditions: 

(1) ( ) ( ) [ ( ) ( )],
(2) ( ) ( ) [ ( ) ( )],
(3) ( ) ( ) [ ( ) ( )].

zr r zr z
zr r zr xi z
zr r zr z

r r r r
u u u
d d d d

≥ ≥

≤ ≤

≤ ≤

T T T T

T T T T

T T T T

for all , .z r∈  

3.  Main Results

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

Definition 3.1: A PF set = ( , , )r u d
T T T

T  of a SG   is called a PF almost left 
Id (PFA-l Id) of   if ( ) 0,tx r r∧ ≠

T T
 ( ) 0tx u u∨ ≠

T T
 and ( ) 0tx d d∨ ≠

T T
 

for any Fp .tx ∈  

Definition 3.2: A PF set = ( , , )r u d
T T T

T  of a SG   is called a PF almost 
right Id (PFA-r Id) of   if ( ) 0,txr r∧ ≠

T T
 ( ) 0txu u∨ ≠

T T
 and 

( ) 0txd d∨ ≠

T T
 for any Fp .tx ∈  

Example 3.3: Every PF-l Id of a SG   is a PFA-l Id (PFA-r Id) of .  

Theorem 3.4: If 
1 1 11 = ( , , )r u d
T T T

T  is a PFA-l Id (PFA-r Id) of a SG   and 

2 2 22 = ( , , )r u d
T T T

T  is a PF subset of   such that 1 2 ,⊆T T  then 2T  is a PFA-l Id 
(PFA-r Id) of .  

Proof: Suppose that 
1 1 11 = ( , , )r u d
T T T

T  is a PFA-l Id of a SG   and 

2 2 22 = ( , , )r u d
T T T

T  is a PF subset of ,T  1 2 .⊆T T  Then for any Fp ,tx T∈  

	 1 1
( ) 0,tx r r∧ ≠

T T
 

1 1
( ) 0tx u u∨ ≠

T T
 and 

1 1
( ) 0.tx d d∨ ≠

T T
 Thus, 

1 1 2 2
0 ( ) ( ) ,t tx xr r r r≠ ∧ ⊆ ∧ 

T T T T

1 1 2 2
0 ( ) ( ) ,t tx xu u u u≠ ∨ ⊆ ∨ 

T T T T

and 

1 1 2 2
0 ( ) ( ) .t tx xd d d d≠ ∨ ⊆ ∨ 

T T T T
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Hence 
2 2

( ) 0,tx r r∧ ≠

T T
 

2 2
( ) 0tx u u∨ ≠

T T
 and 

2 2
( ) 0.tx d d∨ ≠

T T
 

Therefore, 2T  is a PFA-Id of .  

Theorem 3.5: Let 
1 1 11 = ( , , )r u d
T T T

T  and 
2 2 22 = ( , , )r u d
T T T

T  be PFA-l Id (PFA-r 

Id)s of a SG .  Then 1 2∪T T  is also a PFA-l Id (PFA-r Id) of .  

Proof: Since 1 1 2 ,⊆ ∪T T T  by Theorem 3.4, 1 2∪T T  is a PFA-l Id of .  

Theorem 3.6: Let L be a nonempty subset of a SG .  Then L is an A-l Id (A-r Id) 
of   if and only if = ( , , )

L L LL c c cc r u d  is a PFA-l Id (PFA-r Id) of .  

Proof: Let L is an A-l Id of .  Then uL L∩ ≠∅  for all .u∈  Thus, there 

exists c∈  such that c uL∈  and .c L∈  Let u∈  and (0,1].t∈  Then 

( )( ) 0,
Ltx ccr ≠  ( )( ) 0,

Ltx ccu ≠  ( )( ) 0
Ltx ccd ≠  and ( ) = 1,

L
ccr  ( ) = 0,

L
ccu  

( ) = 0.
L

ccd  Thus, (( )
Ltx cr ∧ )

Lcr ( ) 0,c ≠  (( )
Ltx cu ∨ )

Lcu ( ) 0c ≠  and 

(( )
Ltx cd ∨ )

Lcd ( ) 0c ≠  so ( )
Ltx cr ∧

Lcr ≠ 0,  ( )
Ltx cu ∨

Lcu 0≠  and 

( )
Ltx cd ∨

Lcd ≠ 0  Hence, Lc = ( ,
Lcr ,

Lcu )
Lcd  is a PFA-l Id of .

Conversely, let = ( , , )
L L LL c c cc r u d  is a PFA-l Id of   and let x∈  

and (0,1].t∈  Then ( )
Ltx cr ∧

Lcr 0,≠  ( )
Ltx cu ∨ 0

Lcu ≠  and ( )
Ltx cd ∨

0
Lcd ≠  Thus there exists c∈  such that (( )

Ltx cr ∧ )
Lcr ( ) 0,c ≠  

(( )
Ltx cu ∨ )

Lcu ( ) 0c ≠  and (( )
Ltx cd ∨ )

Lcd ( ) 0.c ≠  It implies that 

( )
Ltx cr ( ) 0,c ≠  ( )

Ltx cu ( ) 0,c ≠  ( )
Ltx cd ( ) 0c ≠  and ( ) = 1,

L
ccr  ( )

L
ccu  

and ( )
L

ccd  are equal to zero. Thus, c uL∈  and .c L∈  Hence, .c uL L∈ ∩  So 

.uL L∩ ≠∅  We conclude that L is an A-l Id of .  

Theorem 3.7: Let = ( , , )r u d
T T T

T  be a PF subset of a SG .  Then 
= ( , , )r u d

T T T
T  is a PFA-l Id (PFA-r Id) of   if and only if ( )supp T  is an A-l 
Id (A-r Id) of .  

Proof: Let = ( , , )r u d
T T T

T  is a PFA-l Id of ,  u∈  and (0,1].t∈  Then 
( )tx r

T
∧ 0,r ≠

T
 ( )tx u

T
∨ 0u ≠

T
 and ( )tx d

T
∨ 0.d ≠

T
 Thus, there 

exists z∈  such that (( )tx r
T

∧ )r
T

( ) 0,z ≠  ( )tx u
T

∨ )u
T

( ) 0z ≠  and 
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(( )tx d
T

∨ )d
T

( ) 0.z ≠  So ( ),zr
T

 ( )zu
T

 and ( )zd
T

 are not equal zero. 
There exists w∈  such that =z xw  and ( ) 0,wr ≠

T
 and ( ) 0wu ≠

T
 and 

( ) 0.wd ≠
T

 Thus ( )(( )t suppx rl
T

∧ ( ) )supp rl
T

( ) 0,z ≠  ( )(( )t suppx ul
T

∨ ( ) )supp ul
T

( ) 0z ≠  and ( )(( )t suppx dl
T

∨ ( ) )supp dl
T

( ) 0.z ≠  Hence, ( )( )t suppx rl
T

∧ ( )supp rl
T

0,≠  ( )( )t suppx ul
T

∨ ( )supp ul
T

0≠  and ( )( )t suppx dl
T

∨ ( )supp dl
T

0.≠  Therefore, 

( )suppl
T

 is a PFA-l Id of .  Which it implies that ( )supp T  is an A-l Id of   
by Theorem 3.6.

Conversely, let ( )supp T  is an A-l Id of .  From Theorem 3.6, ( )suppl
T

 
is a PFA-l Id of .  Then for any Fps ,tx ∈  ( )( )t suppx rl

T
∧ ( )supp rl

T
0,≠  

( )( )t suppx ul
T

∨ ( )supp ul
T

0≠  and ( )( )t suppx dl
T

∨ ( ) 0.supp dl ≠
T

 Thus, there 
exists c∈  such that ( )(( )t suppx rl

T
∧ ( ) )supp rl

T
( ) 0,c ≠  ( )(( )t suppx ul

T
∨

( ) )supp ul
T

( ) 0c ≠  and ( )(( )t suppx dl
T

∨ ( ) )supp dl
T

( ) 0.c ≠  Hence, (( )tx r
T

∧ )r
T

( ) 0,c ≠  ( )tx u
T

∨ )u
T

( ) 0c ≠  and (( )tx d
T

∨ )d
T

( ) 0.c ≠  So there exists 
w∈  such that =z xw  and ( ),wr

T
 ( ),wu

T
 ( ),wd

T
 ( ),zr

T
 ( )zu

T
 and 

( )zd
T

 are not equal to zero implies ( )tx r
T

∧ 0,r ≠
T

 ( )tx u
T

∨ 0u ≠
T

 
and ( )tx d

T
∨ 0.d ≠

T
 Therefore, = ( , , )r u d

T T T
T  is a PFA-l Id of .  

Next, we explore minimal PFA-l Id (Mn PFA-r Id) Ids in SGs and 
examine the connections between minimal A-l Id (Mn A-rIds) and minimal 
PFA-l Ids (Mn PFA-r Ids) within SGs.

Definition 3.8: An A-l Id (A-rIds) K of a SG   is called minimal (Mn) if for 
any A-l Id (Mn A-rIds) M of   if whenever ,M K⊆  then = .M K  

Definition 3.9: A PFA-l Id (PFA-r Id) = ( , , )r u d
T T T

T  of a SG   is called 

minimal (Mn) if for any PFA-l Id (PFA-r Id) 
1 1 11 = ( , , )r u d
T T T

T  of   if 

whenever 1 ,⊆T T  then 1( )supp T = ( ).supp T  

Theorem 3.10: Let L be a nonempty subset of a SG .  Then L is a Mn A-l Id 

(A-r Id) of   if and only if = ( , , )
L L LL c c cc r u d  is a Mn PFA-l Id (PFA-r Id) of 

.  

Proof: Let L is an Mn A-l Id of .  Then L  is an A-l Id of .  Thus, from 

Theorem 3.6, = ( , , )
L L LL c c cc r u d  is a PFA-Id of .  Let = ( , , )r u d

T T T
T  be 
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a PFA-l Id of   such that Lc⊆T  Then ( )supp T ⊆ ( )Lsupp c = .L  Form 

Theorem 3.7, ( )supp T  is an A-l Id of .  Since L is an Mn we have ( )supp T

= L = ( ).Lsupp c  Therefore, = ( , , )
L L LL c c cc r u d  is an Mn PFA-l Id of .

Conversely, let = ( , , )
L L LL c c cc r u d  is an Mn PFA-l Id of .  Then 

= ( , , )
L L LL c c cc r u d  is a PFA-l Id of .  Thus, from Theorem 3.6, L is an A-l 

Id of .  Let M be an A-l Id of   such that .M L⊆  Then Mc = ( ,
Mcr ,

Mcu

)
Mcd  is a PFA-l Id of   such that .M Lc c⊆  Thus, ( )Msupp c ⊆ ( ).Lsupp c  

Since Lc = ( ,
Lcr ,

Lcu )
Lcd  is an Mn PFA-l Id of   we have ( )Msupp c =

( ).Lsupp c  Thus, M = ( )Msupp c = ( )Lsupp c = .L  Hence, L is an Mn A-l Id 

of .  

Corollary 3.11: Let   be a SG. Then   has no proper A-Id if and only if 

for all PFA-Ids = ( , , )r u d
T T T

T  of ,  ( ) = .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   be a SG. 
•	� An A-Id L of   is called prime (PA-Id) if for any A-Ids R and G of   

such that RG L⊆  implies that R L⊆  or .G L⊆  
• 	� An A-Id L of   is called semiprime (SA-Id) if for any A-Id R of   

such that 2R L⊆  implies that .R L⊆  
• 	� An A-Id L of   is called strongly prime (SPA-Id) if for any A-Ids R 

and G of   such that .RG GR L∩ ⊆  implies that R L⊆  or .G L⊆  

Definition 4.2: Let = ( , , )r u d
T T T

T  be a PFA-Id of a SG   is 

1.	� a PF prime A-Id (PFPA-Id) of   if for any A-Ids = ( , , )r u d
K K K

K  and 
= ( , , )r u d

R R R
R  of ,T  ⊆K R T  implies that ⊆K T  or ,⊆R T  



1826� P. KHAMROT AND T. GAKETEM

2.	� a PF semiprime A-Id (PFSA-Id) of   if for any A-Id = ( , , )r u d
K K K

K  of 
,  2 ⊆K T  implies that ,⊆K T  

3.	� a PF strongly prime A-Id (PFSPA-Id) of   if for any A-Id = ( , , )r u d
K K K

K  
and = ( , , )r u d

R R R
R  of ,  ( )K R ∩ ( )R K ⊆ T  implies that 

⊆K T  or .⊆R T  

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 .  Then L is a PA-Id (SA-Id) 

of   if and only if = ( , , )
L L LL c c cc r u d  is a PFPA-Id (PFSA-Id) of .  

Proof: Let L is a PA Id of a SG .  Then L is an A-Id of .  Thus, from 

Theorem 3.3, = ( , , )
L L LL c c cc r u d  is a PFA-Id of .  Let = ( , , )r u d

T T T
T  

and = ( , , )r u d
R R R

R  be PFA-Id such that ,
Lcr r r≤

T R
 

Lcu u u≥

T R
 and 

.
Lcd d d≥

T R
 Let ,

Lcr r
T

 
Lcu u

T
 and 

Lcd d
T

 or ,
Lcr r

R
 

Lcu u
R

 

and .
Lcd d

R
 Then there exist ,h r T∈  such that ( ),hr

T
 ( ),hu

T
 ( ),hd

T
 

( ),rr
R

 ( ),ru
R

 ( )rd
R

 are not equal to zero. While ( ),
L

rcr  ( )
L

rcu  and ( )
L

rcd  

are equal to zero. Thus, ( )h supp∈ T  and, but , .h r L∉  So ( )supp LT  

and ( ) .supp LR  Since ( )supp T  and ( )supp R  are A-Ids of   we have 

( )supp T ( )supp R .L  Thus, there exists =v de  for some ( )d supp∈ T  

and ( )e supp∈ R  such that .v L∈  Hence ( ) = 0,
L

vcr  and ( ) = 0
L

vcu  and 

( ) = 0
L

vcd  implies that ( )( ) = 0,vr r
T R

 ( )( ) = 0vu u
T R

 and ( )( ) = 0.vd d
T R

 

Since ,
Lcr r r≤

T R
 .

Lcu u u≥

T R
 we have ( )d supp∈ T  and ( ).e supp∈ R  

Thus, ( ),du
T

 ( ),dd
T

 ( ),er
R

 ( ),eu
R

 ( )ed
R

 are equal to zero. It implies that 

( )
( )( ) = { ( ) ( )} 0,

vde F
v d er r r r

∈
∧ ≠∨

T R T R

( )
( )( ) = { ( ) ( )} 0

v

m

de F
v d eu u u u

∈
∨ ≠∧

T R T R

and 
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( )
( )( ) = { ( ) ( )} 0.

vde F
v d ed d d d

∈
∨ ≠∧

T R T R

It is a contradiction so ,
Lcr r≤

T
 

Lcu u≥
T

 and 
Lcd d≥

T
 or ,

Lcr r≤
R

 

Lcu u≥
R

 and 
Lcd d≥

R
 Therefore = ( , , )

L L LL c c cc r u d  is a PFPA-Id of .
Conversely, let = ( , , )

L L LL c c cc r u d  is a PFPA-Id of .  Then 

= ( , , )
L L LL c c cc r u d  is a PFA-Id of .  Thus by Theorem 3.6, L is an A-Id of 

.  Let F and R be A-Ids of   such that .FR L⊆  Then = ( , , )
F F FF c c cc r u d  

and = ( , , )
R R RR c c cc r u d  are PFA-Ids of .  By Lemma 2.6 

F Rc cr r =

,
FR Lc cr r≤  

F R

n
c cu u =

FR Lc cu u≥  and 
F Rc cd d = .

FR Lc cd d≥  By assumption, 

,
F Lc cr r≤  

F Lc cu u≥  and 
F Lc cd d≥  or ,

R Rc cr r≤  
R Rc cu u≥  and .

R Rc cd d≥  

Thus, F L⊆  or .R L⊆  Therefore L is a PA-Id of .  

Theorem 4.4: Let L be a nonempty subset of a SG .  Then L is a SPA-Id of   

if and only if = ( , , )
L L LL c c cc r u d  is a PFSPA-Id of .  

Proof: Let L is a SPA-Id of a SG .  Then L is an A-Id of .  Thus by 

Theorem 3.6, = ( , , )
L L LL c c cc r u d  is a PFA-Id of .  Let = ( , , )r u d

T T T
T  

and = ( , , )r u d
R R R

R  be PFA-Id such that ( )r r
T R

∩ ( )mr r
R T

⊆ ,
Kcr  

( )nu u
T R

∪ ( )u u
R F Kcu⊆  and ( )d d

T R
∪ ( )d d

R T
.

Kcd⊆  Assume that 

Lcr r
R

 or ,
Lcr r

R
 

Lcu u
R

 or 
Lcu u

R
 and 

Lcd d
R

 or .
Lcd d

R
 

Then there exist ,h r∈  such that ( ),hJ
F

 ( ),hx
F

 ( ),hd
F

 ( ),rJ
R

 ( )rx
R

 

and ( )rd
R

 are not equal to zero. While ( ),
L

rcJ  ( )
L

rcx  and ( )
L

rcd  are equal 

to zero. Thus, ( )h supp∈ F  and ( ),r supp∈ R  but , .h r L∉  So ( )supp LF  

and ( ) .supp LR  Hence, there exists p∈ [ ( )supp F ( )]supp R ∩ [ ( )supp R

( )]supp F  such that .p L∉  Since ( )p supp∈ F ( )supp R  and ( )p supp∈ R

( )supp F  so 1 1=p d e  and 2 2=p e d  for some 1 2,d d ∈ ( )supp F  and for some 

1 2,e e ∈ ( ).supp R  Thus 

1 1

1 1
( )

( )( ) = { ( ) ( )} 0,
vd e F

p d er r r r
∈

∧ ≠∨

F R F R

1 1
1 1

( )
( )( ) = { ( ) ( )} 0

v

n

d e F
p d eu u u x

∈
∨ ≠∧

F R R
F
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and 

1 1
1 1

( )
( )( ) = { ( ) ( )} 0.

vd e F
p d ed d d d

∈
∨ ≠∧

F R F R

So ( )r r
F R

( ) 0,p ≠  ( )u u
F R

( ) 0p ≠  and ( )d d
F R

( ) 0.p ≠  Similarly 

( )r r
R F

( ) 0,p ≠  ( )u u
R F

( ) 0p ≠  and ( )d d
R F

( ) 0.p ≠  It is a contradiction 

so ( )r r
F R

( ) = 0,p  ( )u u
F R

( ) = 0p  and ( )d d
F R

( ) = 0.p  Similarly 

( )r r
R F

( ) = 0,p  ( )u u
R F

( ) = 0p  and ( )d d
R F

( ) = 0.p  Hence, 
Lcr r⊆

R
 or 

,
Lcr r⊆

R
 

Lcu u⊆
R

 or 
Lcu u⊆

R
 and 

Lcd d⊆
R

 or .
Kcd d⊆

R
 Therefore, 

= ( , , )
L L LL c c cc r u d  is a PFSPA-Id of .

Conversely, let = ( , , )
L L LL c c cc r u d  is a PFSPA-Id of .  Then 

= ( , , )
L L LL c c cc r u d  is a PFA Id of .  Thus, from Theorem 3.6, 

= ( , , )
L L LL c c cc r u d  is an A-Id of .  Let Z and R be A-Ids of   such that 

.ZR RZ L∩ ⊆  Then = ( , , )
Z Z ZZ c c cc r u d  and = ( , , )

R R RR c c cc r u d  are PFA-Ids 

of .  By Lemma 2.6 
RZc cr r = ,

ZR Lc cr r≤  
Z Rc cu u =

ZR Lc cu u≥  and 

Z Rc cd d = .
ZR Lc cd d≥  By assumption, ,

Z Lc cr r≤  
T Lc cu u≥  and 

Z Lc cd d≥  or 

,
R Lc cr r≤  

R Lc cu u≥  and .
R Lc cd d≥  Thus Z L⊆  or .R L⊆  We conclude 

that L is a PA-Id of .  

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.

Acknowledgment

This research project is financially supported by School of Science, 
University of Phayao. The authors express their gratitude for the valuable 
comments and suggestions provided by the reviewers, contributing to the 
enhancement of the presentation.



ON PICTURE FUZZY ALMOST IDEALS OF SEMIGROUPS� 1829

References 

[1]	 S. Bogdanovic, Semigroups in which some bi-ideals is a group, Re-
view of Research Faculty of Science-University of Novi Sad, vol.11, pp. 
261-266 (1981).

[2]	 R. Chinram and W. Nakkhasen, Almost bi-quasi-interior ideals and 
fuzzy almost bi-quasi-interior ideals of semigroups, Journal of Math-
ematics and Computer Science, vol. 26, no.2, pp. 128-136 (2022).

[3]	 B. C. Cuong, Pythagorean picture fuzzy sets, part 1-basic notions, 
Journal of Computer Science and Cybernetics, vol. 4, no. 35, pp. 293-304 
(2019).

[4]	 T. Gaketem, On interval valued fuzzy almost (m, n)-ideals in semi-
groups, Journal of Discrete Mathematical Sciences and Cryptography, vol. 
25, no. 1, pp. 171-180 (2022), DOI: 10.1080/09720529.2021.1995178.

[5]	 N. Kaopusek, T. Kaewnoi and R. Chinram, On almost interior ide-
als and weakly almost interior ideals of semigroups, Journal of Dis-
crete Mathematical Sciences and Cryptography vol. 23, no.3, pp. 773-778 
(2022), DOI: 10.1080/09720529.2019.1696917.

[6]	 W. Krailoet, A. Simuen, R. Chinram and P. Petchkaew, A note on 
fuzzy almost interior ideals in semigroups, Int. J. Math. Comput. Sci., 
vol. 16, pp. 80-808 (2021).

[7]	 N. Kuroki, On fuzzy Ids and fuzzy bi-ideals in semigroups, Fuzzy 
Sets and Systems, vol.5, pp. 203-215 (1981).

[8]	 S. Nawaz, M. Gulistan, N. Kausar, Salahuddin and M. Munir, On the 
left and right almost hyperideals of LAsemihypergroups, Int. J. Fuzzy 
Logic Intel. Syst., vol. 21 pp. 86-92 (2021).

[9]	 W. Nakkhasen, On Picture Fuzzy (m,n) -ideals of semigroups, IAENG 
International Journal of Applied Mathematics, vol. 52 no. 4 pp. 1040-1051 
(2022).

[10]	 Y. S. Rao, S. Kosari, Z. Shao, M. Akhoundi and S. Omidi, A study on 
A-I- G  -hyperideals and (m,n) - G  -hyperfilters in ordered G -semihy-
pergroups, Discrete Dyn. Nat. Soc., 2021, 10 pages (2021).

[11]	 S. Lajos, Notes on (m,n) -ideals I, Proc Jpn Acad, vol. 39, pp. 419-421 
(1963).

[12]	 A. Simuen, K. Wattanatripop and R. Chinram, Characterizing almost 
quasi- G -ideals and fuzzy almost quasi- G -ideals of G -semigroups, 
Commun. Math. Appl., vol. 11, pp. 233-240 (2020).



1830� P. KHAMROT AND T. GAKETEM

[13]	 A. Simuen, S. Abdullah,W. Yonthanthum and R. Chinram, Almost 
bi- G -ideal and fuzzy almost bi- G -idals of G -semigroups, Eur. J. Pure 
Appl. Math., vol. 13, no.3, pp. 620-630 (2020).

[14]	 S. Suebsung, K. Wattanatripop and R. Chinram, A-ideals and fuzzy 
A-ideals of ternary semigroups, Songklanakarin J. Sci. Technol. vol.41, 
pp. 299-304 (2019).

[15]	 S. Suebsung, K. Wattanatripop and R. Chinram, On almost (m,n) - 
ideals and fuzzy almost (m,n) -ideals in semigroups, J. Taibah Univ. 
Sci, vol.13, pp. 897-902 (2019).

[16]	 K. T. Atanassov, Intuitionistic fuzzy sets, Fuzzy sets and Systems, 
vol.20, pp. 87-96 (1986).

[17]	 R. R. Yager, Pythagorean fuzzy subsets, Proceedings of Joint IFSA 
World Congress and NAFIPS Annual Meeting, Edmonton, Canada, pp. 
57-61 (2013).

[18]	 R. R. Yager, Pythagorean membership grades in multicriteria deci-
sion making, IEEE Trans. Fuzzy Syst., vol. 4, no. 22, pp. 958-965 (2014).

[19]	 P. Yiarayong, Semigroup characterized by picture fuzzy sets, Interna-
tional Journal of Innovative Computing, Information and Control, vol. 16, 
no. 6, pp. 2121-2130 (2020).

[20]	 L.A. Zadeh, Fuzzy sets, Information and Control, vol. 8, pp. 338-353 
(1965).

		  Received December, 2022


