ANNALS OF COMMUNICATIONS IN MATHEMATICS
Volume 5, Number 2 (2022), 88-96

ISSN: 2582-0818

(© http://www.technoskypub.com

PYTHAGOREAN Q-ANTI NEUTROSOPHIC IDEALS IN GAMMA
SEMIGROUP

A. ARULSELVAM*, V. CHINNADURAI AND S.V. MANEMARAN

ABSTRACT. In this article, we define the concept of Pythagorean Q-anti neutrosophic
ideal in gamma semigroup, Pythagorean Q-anti neutrosophic bi-ideal in gamma semi-
group, and Pythagorean Q-anti neutrosophic interior ideal in gamma semigroup. We
have illustrated the definition with an example. We have shown that Pythagorean Q- anti
neutrosophic bi-ideal is a fuzzy bi-ideal and Pythagorean Q-anti neutrosophic ideal is a
Pythagorean Q-anti neutrosophic interior ideal. Also, we have established some of its
properties in detail.

1. INTRODUCTION

Early in the 20th century, semigroups were first formally studied. A semigroup is an
algebraic structure made up of an associative binary operation and a non-empty set [10].
Semigroups play a key role in several branches of mathematics, including automata theory,
combinatorics, mathematical analysis, and coding and language theory. Sen and Saha
[23]] established a link between a regular Gamma-semigroup and a Gamma-group and
developed the idea of a Gamma-semigroup. Adam Proposed the Q-fuzzy soft set in 2014
(]

Zadeh proposed the idea of fuzzy sets in 1965 [38]. Atanassov[2, 3] proposed the intu-
itionistic fuzzy set as an expansion of the fuzzy set. Pythagorean fuzzy set was introduced
by Yager[36,/37] as an interpretation of the fuzzy set. The Pythagorean fuzzy set was first
proposed by Yager and Abbasov[335] this notion may be regarded as an effective conjec-
ture of intuitionistic fuzzy sets. The main difference between intuitionistic fuzzy sets and
Pythagorean fuzzy sets is that their squares have a location in the unit stretch [0,1], and the
total of their membership and non-membership grades is more than 1. Similar to how this
original example, an important technique other than intuitionistic fuzzy set can be used to
make sense of the linked vulnerability of membership grade and non-membership grade.
chinnadurai[7]] Proposed fuzzy ideals in algebraic structure. The Pythagorean neutrosophic
set was first described by Jansi et al.[11]] as a generalisation of the neutrosophic set. The
concept of the neutrosophic set, which Smarandache [25] introduced, is a generalisation of
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the intuitionistic fuzzy set. [5 6] Many mathematicians have spoken about the intuition-
istic neutrosophic set. The Neutrosophic N-Structures were introduced by Khan et al.[16]
and their use in semigroups. Sardar et al.[22] presented the idea of gamma semigroup
fuzzy ideals.

Jun et al.[12} [13] investigated the properties of an intuitionistic fuzzy interior ideal of a
semigroup S and the fuzzification of interior ideals in semigroups. Kuroki[15] looked at a
few fuzzy sets and fuzzy bi-ideal in semigroup characteristics. The fuzzification of (1,2)-
ideals in semigroups was examined by Jun et al.[14] who also looked into its characteris-
tics. Intuitionistic fuzzy sets were first discussed in the context of the gamma semigroup by
Uckum et al.[26]. Majumder[39] studied the properties of an anti fuzzy ideals in gamma
semigroup.

2. PRELIMINARIES

Definition 2.1. [36] Let X be a universe of discourse, A Pythagorean fuzzy set (PFS)
P = {z,9,(z),wp(x)/z € X} where ¥ : X — [0,1] and w : X — [0, 1] represent the
degree of membership and non-membership of the object z € X to the set P subset to the
condition 0 < (9,,(2))* + (wy(2))* < 1forall z € X. For the sake of simplicity a PFS is
denoted as P = (Up(2), wp(2)).

Definition 2.2. [24] Let X be a universe of discourse, A Neutrosophic set (NS) N =
{z,9n(2),wn(2),¥Nn(2)/z € X} where ¥ : X — [0,1], w : X — [0,1] and ¥ :
X — [0,1] represent the degree of truth membership, indeterminacy-membership and
false-membership of the object z € X to the set N subset to the condition 0 < (9 (2))” +
(wn(2))? + (¥n(2))* < 3forall z € X. For the sake of simplicity a NS is denoted as
N = (Un(2),wn(2), ¥n(2)).

Definition 2.3. [11]] Let X be a universe of discourse, A Pythagorean neutrosophic set
(PNS) Pn = {z, tp(2), (p(2),¢p(2) /2 € X} where p : X — [0,1], ¢ : X — [0,1] and
¥ : X — [0, 1] represent the degree of membership, non-membership and indeterminacy
of the object z € X to the set Py subset to the condition 0 < (11,(2))> + ((p(2))* +
(1hp(2))®> < 2 forall z € X. For the sake of simplicity a PNS is denoted as Py =
(1p(2); Gp(2), p(2))-

Definition 2.4. [1] Let I be a unit interval and k be a positive integer. A multi Q)-fuzzy set
le in U and a non-empty set @ is a set of ordered sequences

fo = (u,q), pi(u,q) :u € U,q € Q where p; : UQ — I k,i =1,2,..., k. The function
(1 (uy @), p2(uy q), ..., x(u, q)) is called the membership function of multi Q-fuzzy set
Ag and piy (u, q) + pa(u, @) + ... + pur(u, ) < 1Lk is called the dimension of Ag. The set
of all multi Q-fuzzy sets of dimension k € U and () is denoted by MkQF (U).

3. PYTHAGOREAN Q-ANTI NEUTROSOPHIC IDEALS IN GAMMA SEMIGROUP
Throughout this paper unless otherwise stated .S will denote a I'-semigroup.

Definition 3.1. A non-empty Pythagorean Q-neutrosophic set Py = (upy, (py, Vpy) Of
S is called a Pythagorean Q-anti neutrosophic subsemigroup of S if it satisfies:

() ppy (7Y, q) < max{ppy (z,q), ppy (¥:9)}

(i) Cpy (z7y, q) = min{Cpy (z,q), Cry (¥, 9)}

(#it)vpy (xyy, q) > min{vp, (x,q),vp, (y,q)}, forallz,y € S,qg € Qand vy € T
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Proposition 3.1. If Pythagorean Q-neutrosophic set Py = (upy,Cpy , Vpy ) is a Pythagorean
Q-anti neutrosophic subsemigroup of S, then the set

Py = {x € S|#’PN(:E7q) = UPy (qu)aCPN (xvq) = CPN(Ov(J)a Vpy (x7Q) = VPN(an)vq €
Q} is a subsemigroup of S.

Proof. Let T,y € Saq € Qa and Y € I'. Then MPN(xacD = ,LLPN(y7Q) - ;LLPN(()?q)’
Cry(7,9) = Cpy(y,9) = Cpy(0,9) and vpy(2,9) = vpy(y,q) = vpy(0,9). Since
Py = (upy,Cpy,Vpy) is Pythagorean Q-anti neutrosophic subsemigroup of S, follows
that upy (27y, q) < max{ppy (2, q), pex (Y, @)} = ppy (0,9),

CPy (x'}/yv Q) 2 min{CPN (33, Q)’ CPN (y7 Q)} =(py (Ov q)v

vey (27y,q) = min{vp, (2, 9), vry (y,4)} = vpy (0,q), sothat upy (7Y, @) = ppy (0,9),
Cry (7Y, q) = Cpy(0,q) and vp, (zvy,q) = vpy(0,q). Thus zyy € Py, and conse-
quently Py is a subsemigroup of S. Let Py = (upy,Cpy,Vpy ) be a Pythagorean Q-anti
neutrosophic subsemigroup in .S and @ + b+ ¢ € [0, 1] be such thata + b+ ¢ < 1.

Then we define the set P = {x € S|upy(x,q) < a,(py(z,q) > bvpy(x,q) >
c}. O

Theorem 3.2. Let Py = (upy,Cpy,Vpy) be a Pythagorean Q-anti neutrosophic sub-
semigroup of S. Then Pﬁ,’b’c is a subsemigroup of semigroup S for every (a,b,c) €
Im(upy) x Im(Cpy) X Im(vpy ) witha +b+c < 1.

Proof. Letx, Yy € Pl%’b7077 € Fandq S Q Then,u'PN(qu) S a?CPN (ZL’, Q) 2 ba VPN(‘xa Q)
¢, ey (Y,q) < a,Cpy(y,q) > b,vp,(y,q) > ¢ which implies that

ppy (7Y, q) < max{pupy (z,9), ppy (Y, 9)} < a

CPN (J?’yy, Q) > min{CPN (JJ, Q)’ CPN (yv Q)} 2a

vy (7Y, q) > min{vpy (2, 9), vey (y,9)} > a.

Thus  — y,q € Py"°. Therefore P%" is a subsemigroup of semigroup S.

A semigroup S is said to be a monoid if there exists an identity element e € S such that
re,q=cx,q==x,qforallz € Sand q € Q. O

v

Note that every Pythagorean Q-anti neutrosophic left(right) ideal of S is a Pythagorean
Q-anti neutrosophic subsemigroup of S. But the converse is not true.

Definition 3.2. A non-empty Pythagorean Q neutrosophic set Py = (upy, Cpy, Vpy ) Of
S is called a Pythagorean Q-anti neutrosophic left ideal of S if it satisfies:

() ppy (7Y, q) < ppy (Y, 9),

(i) Cry (7Y, 4) 2 Cpn (5 9),

(iii) vpy (zvy, q) > vpy (y,q), forallz,y € S, g € Qand vy € T

Definition 3.3. A non-empty Pythagorean Q neutrosophic set Py = (upy, Cpy,Vpy ) Of
S is called a Pythagorean Q-anti neutrosophic right ideal of .S if it satisfies:

@) ppy (27y,9) < ppy (2, 9).

(i) Cpy (z7Y,q) = Cpy (2, 9),

(iil) vpy (vYy, q) > vpy (x,q), forall z,y € S, € Q andy € T

Lemma 3.3. Let Pythagorean Q neutrosophic set P = (upy , Cpy , Vpy ) be a Pythagorean
Q-anti neutrosophic subgroup of S such that upy(x,q) < ppy(y,q)(or(ppey(y,q) <
tpy (2,9))), Cpy (%,9) = Cry (y, @) (or(Cpy (4, 4) = Cpy (2, q))) and

vpy (2,9) 2 vey (Y, q)(or(vey (y,q) 2 vey(2,q))) forallz,y € S, g € Q and vy € T.
Then Px = (tpy, Cpy, Vpy ) is a Pythagorean Q-anti neutrosophic left(right) ideal of S.
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Proof. Let pupy (z,q) < ppy (Y, q), Cox (2,4) = Cpy(y,q) and vpy (2,q) 2 vpy(y,q)
forallz,y € S,ge Qandvy eT.

Then we have

ppy (2vy,q) < max{upy (2, ), uey (Y, )} = ppy (Y, ),

Cpy (27, ) = min{Cpy (,4), Cry (¥, @)} = Cpa (¥, 9),

Vpy (xvy,q9) = Hlin{l/pN (. 9), Vpy (Y, Q)} = VpPy (y,q). Hence Py = (IU'PN » CPys VPN)
is a Pythagorean Q-anti neutrosophic left ideal of S. Similarly if we take pp, (y,q) <
wey (7, q), Coy (y,9) = Cpy (2, ) and vpy (y, ) > vpy(z,q) forallz,y € S, g € Q and
v € T, then prove that Py = (up,,(py,Vpy ) is a Pythagorean Q-anti neutrosophic right
ideal of . .

Definition 3.4. A Pythagorean neutrosophic subsemigroup Py = (upy,(py s Vpy ) Of S
is called a Pythagorean Q-anti neutrosophic bi-ideal of S if it satisfies:

(Dppy (yaBy, q) < max{upy (2,q), pry (y,9)},

(i1) CPN (x7a6y7 Q) 2 min{CPN ('r’ C]), CPN (y7 Q)}’

(iii) vpy (zyaBy, q) > min{vp, (z,q),vpy (y,q)}, forallz,y € S,q € Qand~,5 € T.

Example 3.5. Let Py = {0,a,b,c}, ¢ € Q and T' = {, B}be non-empty set of binary
operations defined as follows.

Y|10|al|b]|c B10|lal|b|c
0/0[{0]0|0 0[{0[0]0]O0
a|0|b|0]a and alalalala
b|0O|b|O0|c b|10|0]|0|O
c|0/0|0]|Db clalalalc

Clearly S is a I'-semigroup. A Pythagorean neutrosophic set Px = (upy,Cpy,Vpy)
where up, : S — [0,1] by upy(0,q) = 0.3, upy(a,q) = 0.6, upy(b,q) = 0.8 =
Hpry (Ca Q)’

Cpy 18 = [0,1] by (py(0,q) = 0.9,(py(a,q) = 0.5,(py(b,q) = 0.4 = (py(c,q)
and vp,, : S — [0,1] by vp,(0,q) = 0.7,vp, (a,q) = 0.5,vp, (b,q) = 0.3 = vp, (¢, q).
Thus Py = (ppy, Cpy, Vpy ) is a Pythagorean Q- anti neutrosophic bi-ideal of .S.

Theorem 3.4. Let Py = (upy,Cpy,Vpy) be a Pythagorean neutrosophic ideal of S. If
S is an intra-regular, then Py(a,q) = Pn(afa,q) foralla € S,q € Q,B € T.

Proof. Let a be any element of S. Then since S is an intra-regular, there exists x,y €
S,q € Qand o, 8,7 € I"such that a, ¢ = xaafavyy, q. Hence Py = (upy,Cpy, Vpy ) bea
Pythagorean Q-anti neutrosophic ideal, up,, (a, q) = ppy (zaabayy, q) < ppy (zaafa, q)
< pipy (aBa, q) =< ppy(a, q),

CPN (a’ q) =(py (xaaﬁa’yy, Q) 2 CPN (a:aaﬁa, Q) 2 CPN (aﬁaa Q) =2 CPN (Cl, Q),

VPy (CL, q) = VpPy (Iaaﬂa7y7 Q) 2> Upy (ZEOLGJBCL, Q) > Vpy (aﬂaﬂ (]) =2 Upy (a7 q)'
Hence we have up, (a,q) = ppy(aBa,q), (py(a,q) = Cpy(afa,q) and vp, (a,q) =
Vpy (aﬁaa q)

Therefore Py (a,q) = Py(afa,q) foralla € S,q € Q,5 €T. O

Theorem 3.5. Let Pn = (upy, Cpy, Vpy ) be a Pythagorean Q-anti neutrosophic ideal of
S is an inter-regular, then Py (afb,q) = Pn(bBa,q) foralla,b € S,q € Q,p € T.

Proof. Leta,be S,q € @ and g € I'. Then Theorem 3.9 we have
K Py (aﬂba q) = UPy (aﬁbﬁaﬁba Q)
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= KPy (aﬁ(bﬂa,)ﬁb, Q)
S KPPy (bﬂaa q)
= upy (bBaBbBa, q)
= ppy (bB(apb)Ba, q)
< ppy (aBb, q),
CPN (a,@b, Q) = CPN (aﬁbﬁaﬁb> Q)
= (py (aB(bBa)Bb, q)
Z CPN (bﬁav q)
= (py (bBaBbBa, q)
= (py (bB(aBb)Ba, q)
> Cpy (aﬁb, Q)
and
Ve (aBb,q) = vy (aBbBaBb, q)
= Vpy (aﬁ(bﬂa)ﬁbv q)
> Vpy (bﬁaa Q)
— by (bBaBbBa, )
= vpy (bB(aBb)Ba, q)
Z Vpyn (aﬁba Q)
Hence we have jip, (a8b, q) = ppy (bBa, q), Cpy (aBb, q) = Cpy (bBa, q) and
vpy (aBb,q) = vpy (bBa, q). Therefore Py (afb,q) = Py(bBa,q) forall a,b € S,q €
Q,Bel. O

Theorem 3.6. Let Pn = (upy,Cpy, Vpy ) be a Pythagorean Q-anti neutrosophic bi-ideal
of S if and only if the fuzzy set jip, ,(py and Upy are fuzzy bi-ideals of S.

Proof. Let Py = (fipy,Cpy, VPy ) be a Pythagorean Q-anti neutrosophic bi-ideal of S.
Then clearly p1p, is a fuzzy bi-ideal of S. Let z,a,y € S,q € Q,a, 3 € I'. Then
Cpy (zay,q) =1 = (py (zay, q)

<1- min{CPN (1‘, q)v CPN (y7 Q)}

= maX{l;CPN (z,9),1 = Cpy(y:9)}

= ma‘X{CPN (I’ q)v CPN (ya Q)}’

Vpy (ray, q) = 1 —vpy (zay, q)
<1- min{VPN (LL', q)? Vpn (y7 Q)}
= max{l —vpy(2,9), 1 = vpy(y,9)}
= max{Vpy (2, q), 7Py (¥, 9)}
and
CPN (xaaﬂy, q) =1- CPN (xozaﬂ% q)
<1- min{CPN (1‘, q)v CPN (y7 Q)}
= maX{l;CPN (Qj, q)7 1- CPN (ya Q)}
= ma‘X{CPN (Ia Q)v Cpy (ya Q)}’
Ty (zaaBy, q) = 1 — vp, (zaaBy,q)
<1- min{l/PN (:L'v q)a Vpyn (ya q)}
= max{l - VPN(x7q)7 1- I/PN(y7Q)}
_ = max{Vpy(z,9), vpy (y,9)}-
Hence (p, ,7p, are fuzzy bi-ideal of S. Conversely, suppose that pp, , (p, and vp, are
fuzzy bi-ideal of S. Leta,x,y € S,q € Q,a, 3 € I'. Then
1 —(py(zay, q) = (py (zay, q)
< maX{CPN (l’, Q)’ CPN (ya Q)}
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=max{1 — (py(2,9),1 — Cpy(y,0)}
= min{CPN (l’, Q)a CPN (ya Q)}
and
1 = (py (zaaBy, q) = Cpy (vaaBy, q)
< ma‘X{CPN ($7 Q), CPN (yv Q)}
=1- min{gPN (.CE, q)v PN( aQ)}’
1- Vpy (ma:% q) = W(fw&ya q)
< max{Vpy (2, 9), Vpy (¥, 9)}
= max{l — Vpy (.’1?, q)? 1—vpy (y7 Q)}
= mil'l{VpN (.13, Q)7 Vpy (y7 q)}

and
1 —vpy (vaaBy,q) = Upy (zaaBy, q)
< max{Vp, (z,9),Vpy (¥, 9)}
=1- min{VPN ({)37 Q)v Vpy (y7 Q)}’
which implies that (p,, (zay, q) > min{py (x,q),{ry (¥, 9)},
vpy (zay, q) > min{vp, (z,q),vpy (y,q)} and
CPN (xozaﬂy, Q) > min{CPN (l‘, Q)7 CPN (ya Q)}’
Vpy (xaaﬁy,Q) > min{VPN (qu)ﬂVPN (yaQ)}' U

Definition 3.6. A Pythagorean Q-anti neutrosophic subsemigroup Py = (1py, Cpy, VPy )
of S is called a Pythagorean Q-anti neutrosophic interior ideal of .S if it satisfies:

(€3] Py (‘T'—Yaﬂyv q) < WPy (a7 Q)’

(ll) CPN (x7a6y7 Q) > CPN (av q)’

(iii) vpy (zyaBy, q) > vpy(a,q), forallz,y € S,q € Qand~,5 € I.

Proposition 3.7. Let Py be a Pythagorean Q-anti neutrosophic ideal of S. Then Py is a
Pythagorean Q-anti neutrosophic interior ideal of S.

Proof. Since Py is a Pythagorean Q-anti neutrosophic ideal of S, forany z,y € S, ¢ € @
andy €T,

tey (@7y,9) < pey(2,9), Coy(27Y,9) = Cpy(2.9), vpy (27Y,q9) = vpy(2,q) are
Pythagorean Q-anti neutrosophic left ideals of S and pp, (zvy, q) < ppy (Y, q),

Cry (@YY, q) = Cry (Y, 9)s vpy (7Y, q) > vpy (Y, q) are Pythagorean Q-anti neutrosophic
right ideal of S, which implies that up,, (zvy, q) < max{pup, (2, q), pry (Y, 9)},

Cpy (27, ) = min{Cpy (2, 9),Cpy (4, @)} vpy (7Y, 9) = min{vpy (2,q),vey (y,9)}-
Hence Py is a Pythagorean Q-anti neutrosophic sub-semigroup of S. Now let z,a,y € S,
g€ Qanda,p eT,

pey (TyvaBy, q) = ppy(xy(aBy),q) < ppy(aBy,q) < ppy(a,q). Cpy(zvafy,q)
CPy (zv(aBy),q) > Cpy (aBy,q) > Cpy (a,q). Vpy (zvaBy,q) = Vpy (zv(aBy),q) >
vpy (aBy,q) > vpy (a,q). Consequently, Py is a Pythagorean Q-anti neutrosophic inte-
rior ideal of S. (]

Vol

Proposition 3.8. If { Py, }icr is a family of Pythagorean Q-anti neutrosophic interior
ideals of S, then so is (), [Py, (z,q) = sup{,upNt (x,q):i€l,qeQ,x e S}

miel CPN,i (va) = inf{CPNi (xv(J) riel,geQ,x e S}

s Nier vew, (x,q) = inf{vpy (2,9) i € I,q € Q,x € S}, provided it is non-empty.

Proof. Letx,a,y € S,q € Qand o, 5 € T'. Then,
Nier bpy, (@Y, @) = sup{upy, (vy,q) i € I,q € Q}
< sup{max{ppy, (z,q), 1py, (y, @)} i € 1,q € Q}
= max[sup{upy, (z,q) i € I,q € Q},sup{upy, (y,q) 17 € I,q € Q}]
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= max{[) Hpy, (z,9),N HPy, (v, 9)}-
mie] CPN,i (‘T’yya Q) = inf{CPNi (xlyy’ Q) el qe Q}

2 inf{min{CpNi (xa Q)v CPNi (ya Q)} riel,qge Q}

= min[inf{Cpy (v,q) :i € I,q € Q},inf{Cpy (v,q) 17 € [,q € Q}]

= mln{ﬂ CPNi (LU, Q)7 ﬂ CPN,i (y7 Q)}
Nier vew, (@vy, @) = nf{vpy (2yy.q) i€ I,q € Q}

> inf{min{vp, (v,q),vpy, (¥,9)} 11 € 1, € Q}

= minfinf{vpy (,9) :i € I,q € Q},inf{vp, (y,9) :i € I,q € Q}]

— min{(\vpy (2,0) vry, ()}
Hence () Py, is a Pythagorean Q-anti neutrosophic subsemigroup of S.
Now (;¢; tpy, (zaaBy, q) = sup{upy, (vaaBy,q) : i € I,q € Q} sup{upy, (a,q) :
(S I7q € Q} = ﬂMPNi(aﬂQ)
ﬁie[ CPNi (zaaﬂy, Q) - inf{CPNi (:Z:aaﬂy,q) S I7q € Q} inf{CPNi (avq) AS I7q €
Q=N CPN{, (a,q)
Nicr Vex, (vaaBy, q) = inf{vpy (raaBy,q) :i € I,q € Q} inf{vpy (a,q) :i € 1,q €
Q=N Vpy, (a,q).

Consequently, () Py, is a Pythagorean Q-anti neutrosophic interior ideal of .S. (I

4. CONCLUSIONS

We have define the notion of Pythagorean Q-anti neutrosophic ideal in gamma semi-
group, Pythagorean Q-anti neutrosophic bi-ideal in gamma semigroup, and Pythagorean
Q-anti neutrosophic interior ideal in gamma semigroup with suitable example. Also, the
properties of Pythagorean Q- anti neutrosophic bi-ideal is a fuzzy bi-ideal and Pythagorean
Q-anti neutrosophic ideal is a Pythagorean Q-anti neutrosophic interior ideal are estab-
lished. Further, we have provided the definition of the Pythagorean Q-anti neutrosophic
interior ideal. In this article, we have highlighted the concept of Pythagorean Q-anti neu-
trosophic ideal in gamma semigroup and studied some of its properties
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