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ROUGH CUBIC PYTHAGOREAN FUZZY SETS IN SEMIGROUP

V. CHINNADURAI', A. ARULSELVAM!, §

ABSTRACT. In this paper, we intend the concept of rough cubic Pythagorean fuzzy ideals
in the semigroup. By using this notion, we discuss lower approximation and upper ap-
proximation of cubic Pythagorean fuzzy left (right) ideals, bi-ideals, interior ideals, and
study some of their related properties in detail.

Keywords: Rough set, Pythagorean fuzzy set, cubic Pythagorean fuzzy set, Rough cubic
pythagorean fuzzy ideals.

AMS Subject Classification: 03E72, 20M12, 08A72, 20M05, 34C41.

1. INTRODUCTION

In 1965, Zadeh[13, 14] introduced the concept of fuzzy sets, and later in 1975 developed

the interval-valued fuzzy set an extension of a fuzzy set. A semigroup is an algebraic
structure consisting of non-empty sets together with an associative binary operation. The
formal study of semigroup began in the early twentieth century. Pawlak[11] initiated the
fundamental concept of rough set in 1982. Dubois and Prade[3] developed the concepts of
rough fuzzy sets based on Pawlak approximation in 1989. In 1997 the idea of rough ideals
in semigroup was presented by Kuroki[10]. Jun et.al[8] initiated the new notion called a
cubic set, which is a combination of interval-valued fuzzy set and fuzzy set and discussed
some of its related properties in 2012. Jun and Khan[9] introduced the notion of cubic
ideals in semigroup in 2013. Yager[12] initiated the notion of Pythagorean fuzzy set in
2013 the concept of sum of the squares of membership and non-membership belongs to the
unit interval [0,1]. Hussain et.al[7] initiated the notions of rough Pythagorean fuzzy ideals
in semigroup in 2019. Garg[4, 5, 6] exploited Pythagorean fuzzy sets to solve multi-criteria
decision making problems. Zhang and Xu[15] presented TOPSIS method in Pythagorean
fuzzy sets to rank the alternatives.
The main aim of this paper is to study the notion of rough cubic Pythagorean fuzzy sets
in the semigroup and investigate some of its related properties. We study the properties of
rough cubic Pythagorean fuzzy sets in semigroup by using congruence relation. Also, we
prove some interesting properties of the rough cubic Pythagorean fuzzy left (right) ideal,
ideal, bi-ideal, and interior-ideal.
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2. PRELIMINARIES

The basic concepts of Rough set(RS), Pythagorean fuzzy set(PFS), Cubic Pythagorean
fuzzy set(CPFS), Rough Pythagorean fuzzy set(RCPFS) are referred [11], [12], [1], [7] are
respectively.

Definition 2.1. [2] Let X be a universe of discourse, An intuitionistic fuzzy set(IFS)
A in X is an object having the form. A = {z,{a(z),na(2)/z € X}. where the mapping
¢: X —[0,1] and n: X — [0, 1] represent the degree of membership and non-membership
of the object z € X to the set A respectively with the condition 0 < (4(z) +n4a(2z) < 1. for
all z € X for the sake of simplicity an IFS is denoted by A = (Ca(z),na(2)).

Definition 2.2. Let P = (Gomp) = {(2,G(2),mp(2)) /z € S} be the Interval Valued

Pythagorean fuzzy set(IVPFES) of S, where Qp( z) = G5 (2), G+ (2) and np(2) = 1 (2), np+ (2).

Then RIVPFS of S is denoted as App (p) = (App(@,fm(@) the lower approximation

is defined as App(p) = {< , G5(2), mp(z )>/z€5} where G = A G(z) and n; =
2 €l2]w

V 775(2/) with condition that 0 < (((z )) + (77,3(2))2 < 1 and the lower approxi-

2 €z)w

mation is defined as App(p) = {<

>/z € S} where (5 = \/ Cﬁ(z,) and
2 €lz)w
= A n5(2) with condition that 0 < (G(z ))2 + (’nﬁ(z))2 <1.
2 €lz)w

Throughout this paper S denotes the semigroup.
Definition 2.3. Let PlD = (Cplu,nplu> and 1’32D = (Cpg,npzu) be any two CPFS on S.
Then, the composition of le and P2EI is defined as PlD o P2EI = (Cplg onE,nplg O77p§’>
where, (GooGa) () =V [Go(=1) AGg(=)]

2=2122

(mpemg) = A [meG0Vigs).

Z=21%29
3. ROUGH CUBIC PYTHAGOREAN FUZZY SETS (RCPFS) IN SEMIGROUP

A equivalence relation w on S is said to be a congruence relation denoted as CR,, if for
all x, 21, 20 € S such that 21,20 € w = 217, 290 € w and x21,x22 € w The congruence class
of an object z € S is denoted by [z],. For a CR, on S, we have [z1]y[22]w C [2122]w and
the CR,, on S is called complete if [21]y[22]w = [2122]w. V21,22 € S.

Definition 3.1. Let PY = (C 0, 7,0 n) = {<zl, (G(21),m5(21)] 5 (Gp(21),mp(21)) ) /21 € S} be

the CPFS in S, where (5(z1) = (¢, (21), ¢ (21)) and np(z1) = (n, (21),m,f (21)). Then a

RCPFS on S is denoted by App(P9) = ( pp(P") App(PD)). The lower approximation

is defined as App(PY) = (C 0, 7,0 ) {<zl, [Cp 1), My zl)] , (@(21),@(731))> /z1 € S}

where G(2) = A G() andp(z) = V(=) G(2) = A Q=) and ny(2) =
2 €lz]w 2 €[z]w 2 €lz)w

) 2 2
\V  mp(z) with the condition 0 < <Cp(z)) + (np(z)> < 1 and the upper approxima-
2 €lz)w o o

tion is defined as App(P) = {(z,(p(2),Mp(2)) /2 € S}. where (5(z) = C:g(z/) and

2 €lz)w
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p(z) = A 175(2/) G(2) = V GE) and p(z) = N\ np(2) with the condition

2 €[z]w 2 €[z]w 2 €[2]w

0 < (G()” + (M=) < 1.

Proposition 3.1. The lower approzimation and upper approximation of the CPFS PV
on S are CPFS of a quotient set S/w

Proof. The membership and non-membership grades of lower approximation i.e., App(P")
from definition 3.1 is defined as.

Glz) = A Gl and (1) = Vo mp(=1), Gla1) = A Golzy) and mp(z1) =

zle[zﬂ 216[21}w Zle[zl]w
V' n,(2)) Now, for all 2, € [21],,

zie[zl]w

we have ({0 (21))2 + (n,0 (21))2

2 2 2 2
(on el " D )~y )]
2 €lz1]w 21 €lz1]w z1€lz1]w z1€[21]w
2 2

q A GED A cp<z;>] +{ Vo).V np<z;>]>

zie[zl]w zie[zl}w zie[zl]w zie[zl]w

= A sG]+ Vo [meen]

z’ €lz1]w z’ €lz1]w

2 L\ 2
S o) v (o))
Zl]w ) Zle[zl]w )
= < ) +1-— (npm (2/1))
z [zl]w Zle[zl}
implies (CpD(Zl)) + (n0(z )) <1
Similarly, App(PS). O

Theorem 3.1. Let us consider any two CPFSs PJ = <[Cp17np1] (Cpl,npl > and P§ =
{[C5rm] + (Cparips)) 0f S and w be the complete CR,, on S. Then App(Pr )oApp(P2 ) C
App (le o PQD)

Proof. Since w is a complete CR,, on S so [z1]w[22)w = [z122]w for all 21,20 € S As
App(Pr) = ([Gis i) > (Cor 1)) and App(P5) = ([Gas 53] » (Cpas Mpa))- Now, App(Pr') o

App(Py) = (CpF © Gyl Tyl °77p§> and App (P o Py) = ((Cpgﬂ OC,,;) : (nplm Onpg))-TO
show that App(Py?)o App(P5) C App (P o P;), we have to prove that [Cﬂj o C&D} (z1) <
(C no( m) (z1) and [npm Onpu} (z1) > (77 . O%E) (z1) Now, for all z € S

[ }( v ( 0(21) A=)

V(@) Gl )/\ (Ga22): G (22|

[( Cp1 /\ Cp1(M)>/\< /\ Cﬁz( )7 /\ sz( ))]
z=2122 Me[z1]w Me[zl}w Ne(z2]w Ne[z2]w
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. K A cpluum) /\( A GalN >>]
z=2z122 Me(z1])w Nelz]w
- Z:\Z/lzz ME[zﬂU{\NE[zQ}W (Cplm(M) /\CpE (N))]
< v [ A (cplm<M>/\<p;<N>)] s MN € [aluloaly = (122l
2=z122 | MNE€[2122]w
=V (¢enAge(V)
MNE[z]w
=V (¢eanAGea)
AE€[Z]w,A=MN
4 o]
N Ae\[é]w [(Cplm ’ Cpg) (A)}
implies [Cﬁog‘pj} (2) < [Cplu o szu} (2).
Further
meoms] (= A (mpG) Vig2)
- [l 00)V o)
= A ( Voonp (M), Um(M)> \/< V ongp(N), V 77p2<N)>]
=z | ME€[z1]w Melz1]w Ne[z2])w Ne[z)w
= A < V UPID(M)> \/( Voo (N)>]
z=n22 | \Mé€[z1]w NeE[z2]w
:z:/z\m MG[ZHYNG[ZQ}W (nplm(M)\/npg( ))
= A \% UpID(M)\/ﬁpg(N)ﬂ as MN € [z1]u[z2]w = [2122]0
z=z122 | MN€[z122]w
= A (0 Vig(V)
MNE€[z]w
= A (mpD V)
AE[2w A= M N
= A LA (0 vagzo0)]
- /\ (g omp) O)
implies {n npg] (z) > |:'r]p|1:| o ”pE] (2).
Hence, App(Pr’) o App(PY) C App(Pf o PY). O
Theorem 3.2. Let PlD,PzD be any two CPFSs on S. Then P1 = <[Cp1,77p1] (CpisMp1) >

and Py
App(P5)) € App (P70 Py))

= <[Cp~2, np~2] ,((p2,np2)> of S and let w be the complete CR,, on S. Then App(P[)o
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Proof. Since w is a complete CR, on S so [z1]u[22]w C [2122]0 for all 21,20 € S As
App(Pl ) <[Cp1anp1] (Cp1777p1 > and App(P2 ) <[Cp2anp2] (szvnp2)>' NOWa App(PID) ©

App(Py)) = (Cplm © Gy Mo © 77;,9) and App (Py'o Py') = ((Cplﬂ ° CpE) ! ("p? ° ”p?))‘TO
show that App(PC) o App(PY) C App (PP o PY), we have to prove that [@ o @} (21) <
(G oGg) (=1) and [z oz | (21) = (77575 (1) Now, for all z € S

GroGel =V (GolnAGe()

= VG 0:5n) A G2, Gal2)
=V ( Vo M),V Cpl(M)>/\< V GIV), 'V sz(N))]
=222 | \M€[z1w Melz1]w Ne(z2]w Ne[22]w
= ( Vo Go(M ))/\( Vo GV >>]
z=2122 Me(z1)w Nelz)w
=V V (cpg<M>/\cpg<N>)]
2=2122 =Me[z1]wNe[zQ}w
< z:\z/m _MNe\[éle]w (Cpllﬂ(M) /\CPE(N))] as MN € [z1]w[22]w = [2122]0
= V(G0 AGe(V)
MNE€[z]w
=V (4enAGe()
AE[2]w A=M N
= v Ly, (Gpanngem))
- v [lsaese)o
implies [@O Cpg} (2) < [ﬂ} (2).
Further
o] ()= A (mpCe0 Vig(2)
RAY [(75: (21), T (21)) V(755 (22), Tz (22)) ]
= ( A s (M), A npl(M)>V< A ng(N), A an(N)>]
z=z122 | \M€[z1]w Me[z1]w Ne€[z2]w Ne(z2]w

- ( A nplg(M)>\/< A= (N))]
z=2122 | \M€[z1w Ne[z2]w

- A (mp) vm,;(N))]

z=z122 | M€[z1]w N€[22]w

> A (Uplﬂ(M) VWPQD(N))] as MN € [z1]w[22]w = [z122]0
2=z MNE[leQ]w

/é (mp (M) V no(N))
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= A (npnVgm)

NE[#]w A=M N

A€[z]w [A:MN <np1D(M) Vg (N))}

AR
implies {@O@] (z) > {m] (2).
Hence, App(Py’) o App(P3’) C App(Pf o Py). 0

4. ROUGH CUBIC PYTHAGOREAN FUzzY IDEALS (RCPFI) IN SEMIGROUP.

In this section, PLDI, PEI, PID7 PEI, PIDI cubic Pythagorean fuzzy left ideal, cubic
Pythagorean fuzzy right ideal, cubic Pythagorean fuzzy ideal, cubic Pythagorean fuzzy
bi-ideal and cubic Pythagorean fuzzy interior-ideal are respectively.

Definition 4.1. Let w be a CR, on S and PY be a CPFS. Then P is called lower
(resp.upper) rough cubic Pythagorean fuzzy sub-semigroup of S, if App(PY) (resp.App(P"))
s a cubic Pythagorean fuzzy sub-semigroup of S. -

A cubic Pythagorean fuzzy set PS is known to be rough cubic Pythagorean fuzzy sub-
semigroup of S, if App(PY) and App(PS) are both Pythagorean fuzzy sub-semigroup of
S.

Definition 4.2. Let w be a CR,, on S and PP be a CPFS. Then PP is called lower rough
P_LDI (resp.Pg;.PF) of S, if App(P") is a Py, (resp.PgR;,Py) of S and

(1) Glay) = G); Glay) < Gy) Va,ye S

(%) np(zy) = np(y)mp(zy) < mp(y) V o,y € S

Definition 4.3. Letw be a CR,, on S and PY be a CPFS. Then P© is called upper rough
PLDIJresp.PELP[I:‘)Ef S, if Agp(PD) is a PY; (resp.P5;,PY) of S and

() Glzy) = Gy); Gplzy) < Gly) Vo, € S

(#6) np(zy) = M(y) Mp(2y) <Mp(y) V z,y € S

Definition 4.4. Let P° be a CPFS and w be a CR,, on S. Then P" is called lower(resp.
upper) rough Pg; of S, if App(PS) (resp. App(PS)) is a PG, of S and

(i) Gplzyz) > min {(5(2), G52) } Vo, y,2 € 8.

(i1) np(zyz) = min {n(x),np(2) } Vo,y,z € S.

(iii) Gylxy2) < maz {Gy(w), Co(2)} Ya.y.z € S.

(iv) np(xyz) < max{ny(z),ny(2)} Vo,y,z € S.

Definition 4.5. Let PY be a CPFS and w be a CR,, on S. Then PS is called lower(resp.
upper) rough P of S, if App(PY) (resp. App(P")) is a P5 of S and

(1) Glayz) = G(y) Vo,y,z € S.

(ii) mp(zyz) = np(y) Vo,y,2 € S,

(tii) Gp(ayz) < Gp(y) Va,y,z € S.

(“}) np(myz) S np(y) vxvyuz € S.

Theorem 4.1. Let w is a CR,, on S and PP be a cubic Pythagorean fuzzy sub-semigroup
of S. Then App(P") is a cubic Pythagorean fuzzy sub-semigroup of S.

Proof. Since w is a CR,, on S, for all 21,22 € S, we have [21][z2] C [2122]w. Now, we
have to show that App(PY) = (Cpm,npﬁ) is a cubic Pythagorean fuzzy sub-semigroup of
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& consider
Gler,22) =V Glzs) > Vo Glzs)
236[2122]w 236[21]0-)[22]40
= V Cﬁ(M N)
MNE[Zﬂ [Zg]w
> M) A\ G(N)]

ME[Zl]w Ne[z2]w

:[ ]A[ v o)
Me[z1]w Ne[zQ]w

implies (5(z1, 22) > min {Cp(zl ), G( 22

Cp(z1,22) = \/ Cp(23)

z3€[z1]w(z2]w

< Vo Gplzs)

z3€[z122]w

= V (p(MN)

MNE[z1]w(22]w

<V GMN)
MNE[lez]W

oy em)v( v, )

Gp(z122) < max {G(M), G(N)}

Further
mp(21,22) = A mpzs) > A mp(zs)
236[2122]40 ZSG[ZI]W[ZQ}W
= A ﬁﬁ(M N)
MNE[Zl} [Zg]w
> A 5 ( /\7710 )]
ME[Zl]w NG[ZQ
ME[Zl]w NE[Z2
implies 75(21, 22) > min {np(zl ), 5(22) }
Tp(z1,22) = N\ mp(2s)
Z3e[zl]w[22]w
< /\ TIp(Z3)
z3€[z122]w
= /\ np(MN)

MNE[z1]wlz2]w

< A Mp(MN)
MNE[z122]w

= ( A ﬁp(M)> V ( A Tlp(N)>
Mé€[z1]w Nelzlo
Mp(2122) < max {7,(M),7,(N)}. O

Theorem 4.2. Letw be a CR,, on S, and P be a PE; (resp. P5;) of S. Then App(PS)
is a P2, (resp. P5;) of S.

Proof. Since w is a CR,, on S, then for all 21, 25 € S it follows that [21][22] C [z122]w. Now
we have to show that App(PY) = (Cpm,npﬁ) = <E§, 7777] , (Cp,ﬁp)> is a Py of S.
Glaaize) =V Gla) =V Gles)

z3€[z122]w z3€[z1]w[22]w
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= V. GMN)>= 'V GN)
MNG[Zﬂw[ZQ]W NE[Z2L;

i£1plies ?5(2122) > @v(zz)

Cp(z122) = Vo Gles) < V Cp(23)

23€[2122]w z3€[21]w[22]w
= \/ Cp(MN) < \/ Cp(N)
B MNG[Zl}wEﬂw Nelzo]w
implies (,(2122) < (p(22)
Next
m(z1ze) = N mp(zs) = A mp(zs)
z3€[z122]w 23€[21]w(22]w
= A np(MN) > A n3(N)
MNG[Zl}w[ZZ]w NG[ZQ]w
implies 75(2122) > p(22)
m(z1z2) = A mp(zs) < A np(zs)
Z3€[Z122]w 236[21}141[22]&)
= A np(MN) < A np(IN)
MNE[z1]wlz2]w Nelz2]w
implies 77,(2122) < 7p(22) o
implies that App(PY) is a PE; of S. Similarly, App(PY) is a Pg; of S. O

Theorem 4.3. Let w is a CR, on S and let PP be a cubic Pythagorean fuzzy sub-
semigroup of S. Then App(PS) is a cubic Pythagorean fuzzy sub-semigroup of S.

Proof. Since w is a CR,, on S, then for all z1,20 € S, [z1][22] = [2122]w. It is required
to show that App(PY) = (Cpm,npu) is a cubic Pythagorean fuzzy sub-semigroup of S,

consider
Gler,22) = A Glzs) > A Gl=3)
- 236[2122]w 236[21]0-)[22]40

= A G(MN)

MNE|[z1]w(22]w

> A [GM) A\ G(N)]

ME[Zl]w7Ne[22}w

= [ A [@(M)]] /\[ A <5<N>]
MEe[z1]w Ne€[zo)w
implies Cj(zl, Z9) > min {Cj(m),éj(zz)

Gz, 22) = A Gplzs)

23€[21])w[22]w

A Cp(ZS)

z3€[z122]w

= A\ (p(MN)

MNE[ZI}W [ZQ]W

< A G(MN)
MNE[lez]w

:< A Cp(M)>/\< A CP(N)>
ME€[z1]w Ne[z2]w

Cp(z122) < max {@(M),&(N)}
Further
lz2) = Vo omp(z) = Vo np(zs)

z3€[z122]w z3€[21]w([22]w

IN
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= V ns(MN)

MNE€[z1]w[z2]w
[15(M) \n(N)]

\%

N ME[Zl]w7N€[22}w

V [%(M)}] A [ V 775(1\7)]
Me|z1]w Ne[z2)w
implies 15(21, 22) > min {@(Z1),@(22)}
mp(21,22) =V 1p(zs)

z3€[z1]w 22w

Vo mp(z3)

z3€[z122]w

= V. mp(MN)
MNE[ZIL/J [22]40

< V. np(MN)
MNE[ZlZQ]W

—< \% UP(M))/\< V WP(N)>
Me[z1])w N€E([22)w

implies 7,(2122) < max {@(M),@(N)}.

IN

0

Theorem 4.4. Let w be a CR,, on S, and P" is a PEI (resp. PEI) of S. Then App(PS)
is a P5; (resp. P5;) of S.

Proof. Since w is a CR,, on S, we have for all z1, 29 € S it follows that [21][z2] C [2122]w.

We need to show that @(PD) = (er’nﬁ) = <[&g,@} , (QP’ @)> is a PLDI of S.
Consider

Glaizm) = A Glz)= A Gla)

Z3€[le2]w ZSG[Zl]W[Z2]W
= A GMN) = A G(N)
MNE[Zl}w[ZZ]w NE[ZZLJJ

implies G5(2122) = (5(22)

Glzizm) = A Glz) < A (=)

Z3€[le2]w ZSG[Zl]W[Z2]W
= /\ Cp(MN) < /\ QD(N)
MNE€[z1]w(z2]w Nelz2]w
implies (p(2122) < (p(22)
Next
np(z1z2) =V mplzs) =V mp(zs)
- z3€[z122]w z3€[21]w[22]w
= V np(MN)> \/ nz(N)
MNE[z1]wl?2]w Ne[z2]w
implies 15(2122) > 15(22)
mp(z122) =V mp(e3) <V np(zs)
7 z3€[z122]w 23€[21]w[22]w
np(MN) < \/  ny(N)
MNE[z1]wlz2]w Ne[z2]w

implies 7 (2122) < np(22)
implies that App(PY) is a LB of S. Similarly, App(PY) is a LEI of S. O
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Theorem 4.5. Let w be a CR,, on semigroup S. If PP is a P5; of S. Then App(PP) is
a PEI of S.

Proof. Since w is a CR,, on the semigroup .S, we have for all z1, 29,23 € S
[21]w[22]w[23]w C [#12223]w, now show that App(PD) (¢,0,7,5) is a Pgy of S. Consider

the following

Glaizazs) =V Gl2) > V G(2)

z€[z12223]w z€[z1]w[22]w([23]w

=V G =TT Gl
abc€|z1]w|z2]w(23]w aE[Zﬂ belz2]wce(zs]w
>V AG@)AGlo

a€lz1]wcE[23]w

_{ \/ Cp } { \/ Cp }
a€lz1)w 66[2’3]w

implies (p(zlzgz;;) > min {Cp 21) Cp Z3

Glaizzs) =V Gple) < \% Cp(2)

z€[z12223]w z€[z1]w[2z2]w[?3]w
= \V (plabe) = V (p(abe)
abc€z1]wlz2]w(?3]w a€lz1]wb€E[z2]wcE23]w

< V. A{G@ V(o)

a€lz1]wcE(z3]w

:{ [\/] Cp(a)}V{ e[\/] Cp(C)}

implies Cp(zlzgz;g) < max {Cp 1), Cp(zs)}

Next
Tp(ziz2z3) = N mp(2) = A n5(2)
z€[z12223]w z€[z1]wlz2]w(?3]w
= A np(abe) = A np(abe)
abc€|z1]w[2z2]w(23]w a€[2’1]wb€[zz}w0€ [23]w

> A A{mp@) Ang(o)

a€lz1]wcE[23]w

T
a€lz1]w (CE [23]w

implies 75(212223) > min 77 21), M5( Z3

Mp(z12223) = A\ mp(2) < A np(2)

z€[z12223)w z€[21]w[22]w[23]w

= A np(abe) = A 1p(abe)

abe€|z1]w[22)w(23]w a€lz1]wb€|2z2]wcE23]w

N Amp(a) Vp(e)}

a€lz1]wcelz3]w

—{ E[/\] Wp(a)}\/{ E[/\] np(C)}

implies 7,(212223) < maz {7p(21), Tp(23) } O

IA

Theorem 4.6. Let w be a complete CR,, on semigroup S. Let PP is a PE[ of S. Then
App(PY) is a P5; of S.

Proof. Since w is a CR,, on the semigroup .S, we have for all z1, 29,23 € S
[21]w[22)w (23] C [212223]w, We show that App(PY) = <Cpm, 77p5> is a P5; of S.

Consider the following
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Glarzaz) = N Gl2) 2 A (p(2)

z€[z12223])w 26[21]w[22]w[23]w
S e N
abe€|z1]w[22)w(23]w a€lz1]wb€[z2]wcE23]w

> A A{G@AG)}

a€lz1]wcElzs]w

:{ e[/\] Cﬁ(a)}/\{ e[/\] 45(0)}

implies Cj(zlzgzs) > min {iﬁ(zl)agﬁ(ZS)

Glazz) = A Gl2) < A Cp(2)

z€[z12223]w z€[z1]w[22)w(23]w
= A (plabe) = V (p(abe)
abc€z1]wlz2]w(?3]w a€lz1]wb€[2z2]wcE23]w

< A H{G@VG(9)}

a€lz1]wcE[23]w

—{ E[/\] Cp(a)}V{ e[/\] Cp(C)}

implies (p(212223) < maz § (p(21), (p(23)

Next
np(z12223) =\ mpl(e) > V n5(2)
- ze[zlzgz;z,}w ZE[Zl}w[Zﬂw[ZB]W
= V ng(abe) = V ng(abe)
abe€|z1]w[22)w(23]w aG[Zl]wa[Zz}wCE[Z:%]W

> V {np(a) A np(c)

a€lz1]wcE(z3]w

Lo (o
a€lz1]w c€lz3]w
p(

implies np(zlez;;) > min 21 np 23
np(z12223) =V ) < V Mp(2)
z€[z12223)w z€[21]w[22]w([23]w
= V np(abC) = V np(abe)
abc€z1]wlz2]w(23]w a€lz1]wb€|2z2]wcE23]w

IN

Voo (@) Vnp(e)}

a€lz1]wcE[23]w

={ E[\/] ﬁp(a)}\/{ E[\/] np(C)}

implies 1 (212223) < max {@(21),@(23)

765

Theorem 4.7. Let w be a CR,, on semigroup S. If PP is a PI':’I of S. Then App(P") is

aPIDI of S.

Proof. Proof directly follow from theorem 4.5

0

Theorem 4.8. Let w be a complete CR,, on semigroup S. Let PP is a PIDI of S. Then

App(PD) is a Pf} of S.

Proof. Proof directly follow from theorem 4.6
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5. CONCLUSIONS

Cubic Pythagorean fuzzy sets are the generalization of cubic sets. In this paper, we
have presented the concept of rough cubic Pythagorean fuzzy sets in semigroups, which
can handle the vagueness in a proactive way than cubic sets. Then, we have extended
the notion of rough cubic Pythagorean fuzzy sets to the lower and upper approximations
of Pythagorean fuzzy left (right)ideals, bi-ideals, interior ideals in semigroups and also
discussed some of its related properties. We aim to extend this work to some algebraic
structures namely gamma semigroup, Po-gamma-semigroup, and subtraction semigroup.
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