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Abstract: The purpose of the article is to study about homomorphism and anti-
homomorphism of spherical cubic bi-ideals of Gamma near-rings R, and R,. If
¢ : Ry — Ry be a gamma homomorphism and (¢% s,, R1), (€ s,, Rs) are spher-
ical cubic bi-ideals of gamma near-rings Ry and Ry.Then the image (¢(€% s, ), R2)
and pre-image (¢~ (€% s,), R1) are also spherical cubic bi-ideals of gamma near-
rings Ry and Ry. If ¢ : Ry — Rs be an epimorphism of gamma near-rings R4
and Ry and (6% s,,R2) is a SCS of R, such that (¢~ (€% ,), R1) is a SCBI of
R, then (€% s,,R2) is a SCBI of R,.
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1. Introduction

The notion of fuzzy set was introduced by Zadeh [18] in 1965. It is identified
as a better tool for the scientific study of uncertainty, and came as a boost to the
researchers working in the field of uncertainty. Many extensions and generalizations
of fuzzy set was conceived by a number of researchers and a large number of real-
life applications were developed in a variety of areas. In addition to this, parallel
analysis of the classical results of many branches of Mathematics were also carried
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out in the fuzzy settings. Properties of fuzzy ideals in near-rings was studied by
Hong et al. [9]. The monograph by Chinnadurai [1] gives a detailed discussion
on fuzzy ideals in algebraic structures. Fuzzy ideals in Gamma near-ring R was
discussed by Jun et al. [10, 11] and Satyanarayana [15]. Meenakumari and Tamizh
chelvam[14] have defined fuzzy bi-ideals in gamma near-rings and established some
properties of this structure. Srinivas and Nagaiah [16] have proved some results on
T-fuzzy ideals of I'-near-rings. Jun [12] introduced a new notion called a cubic set
and investigated several properties. Thillaigovindan et al. [17] worked on interval
valued fuzzy ideals of near-rings. Chinnadurai et al. [2, 3] discussed cubic ideals
of I'-near rings and homomorphism and anti- homomorphism of cubic ideals of
near-rings. Kahraman and Gundogdu [13] introduced spherical fuzzy sets as an
extension of picture fuzzy sets. Chinnadurai et al. [4] discussed interval-valued
fuzzy ideals of gamma near-rings. Chinnadurai et al. [5, 6, 7, 8] discussed T-
fuzzy, spherical fuzzy, spherical interval-valued fuzzy and spherical cubic bi-ideals
of gamma near-rings. In this research work, we discuss the homomorphism and
anti-homomorphism of spherical cubic bi-ideals of Gamma near-rings R and R,
establish some of its properties.

2. Preliminaries

In this section we present some definitions which are used in this research.
Let R be a near-ring and I" be a non-empty set such that R is a Gamma near-ring.
A subgroup H of (R,+) is a bi-ideal if and only if HI'RI'H C H.
Let R be a nonempty set. By a cubic set in /R we mean a structure
o = {u, A(u), \(u)|u € R} in which A is an interval-valued fuzzy set in R and A
is a fuzzy set in R. A cubic set is simply denoted by & =< A, \ >.
A fuzzy set p of R to be fuzzy bi-ideal of gamma near-ring R if the given conditions
are satisfied

(i) po(u — v) > min{p(u), u(v)},

(i) p(uavpw) > min{p(u), p(w)},
for all u,v,w € R and a, 3 € I'.
A spherical fuzzy set A, of the universe of discourse U is given by,
As = {u, (p(u), v(u),&(u))|u € U} where p(u) : U — [0,1], v(u) : U — [0, 1]
and £(u) : U —> [0,1] and 0 < fi2(u) + 72(u) + 2(u) < 1, u € U.

For each wu, the numbers ji(u), v(u) and &(u) are the degrees of membership,non-
membership and hesitancy of u to ﬁs, respectively.

A spherical fuzzy set(SFS) As = (u, v, ), where p: R — [0,1], v : R — [0, 1]
and £ : R — [0, 1] of R is said to be a spherical fuzzy bi-ideal of R if the following

conditions are satisfied
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(i) p(u —v) = min{p(u), p(v)},

(i) v(u —v) = min{v(u), v(v)},

(iii) §(u —v) < maz{&(u),§(v)},

(iv) p(uavfw) > min{p(u), p(w)},

(v) v(uavBw) > min{v(u), v(w)},

(vi) {(uavpw) < maz{§(u), {(w)},
for all u,v,w € R and o, 5 € I
A spherical cubic set (SCS) in R is defined by €% = {< u, o (u), u(u) >, <
u, Bs(u),v(u) >, < u,€s(u),&(u) > |u € R}, where o7, B, €, are interval-valued
spherical sets in R and u, v, & are spherical fuzzy sets in R.
A spherical cubic set €% s = {< u, Zs(u), pu(u) >, < u, Bs(u),v(u) >, < u, €s(u),
&(u) > |u € R} is simply denoted by €% s = {< Ao, pu >, < Bs, v >, < Cs, £ >}
A spherical cubic set €% s = {< u, Zs(u), pu(u) >, < u, Bs(u),v(u) >, < u, €s(u),
€(u) > |u € R} is said to be a spherical cubic bi-ideal(SCBI) of gamma near-ring
if the following conditions are satisfied

() i — ) > min {(w), )}, plu - v) < maz{u(w), p(v)},

(i) B,(u — v) = min'{B,(u), B,(0)}, v(u - v) < maz{v(w), v(o)},

(i) %,(u — v) < maz'{%,(u), €,(0)}, £(u — v) > min{E(u), £(v)},

(iv) a(uarwfw) > mint {ofy(w), ()}, plucwpuo) < maz{a(u), pw)},

(v) Bs(uavpw) > min'{ Bs(u), Bs(w)}, v(uavfw) < maz{v(u),v(w)},

(vi) % (uawBu) < maz {6, (u), ,(w)}, E(uavBw) > min{é(), &(w)},
for all u,v,w € R and a, B € I', where o7, : R — D[0,1], %; : R — DJ0, 1] and
¢s : R — D[0,1]. Here D|0, 1] denotes the family of closed subintervals of [0, 1]
and pp: R — [0,1], v : R — [0,1] and £ : R — [0, 1].
A gamma near-ring homomorphism is a mapping ¢ from a gamma near-ring R;
into a gamma near-ring R,, that is ¢ : Ry — R, such that

(i) p(u —v) = Pp(u) — ¢(v), for all u,v € R;.

(ii) p(uavfw) = ¢(u)ad(v)po(w), for all u,v,w € Ry and o, 5 € I
A gamma near-ring anti-homomorphism is a mapping ¢ from a gamma near-ring
R, into a gamma near-ring R, that is ¢ : Ry — Ry such that

(i) ¢(u —v) = ¢p(v) — ¢(u), for all u,v € Ry.

(i) p(uavfw) = p(w)ap(v)Be(u), for all u,v,w € Ry and o, 5 € I.
3. Homomorphism of Spherical Cubic bi-ideals of Gamma near-rings

In this section, we study about the properties of spherical cubic bi-ideals of
gamma near-rings using homomorphism.

Definition 3.1. Let ¢ be a mapping from a set Ry to a set Ro. Let
CU s, = {< u, o, (u), p1(u) >, < u, Bs, (u),v1(u) >, < u, 6, (u),&(u) > |u € R}
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be a SCS in Ry and €U s, = {< u, sy (u), p2(u) >, < u, By, (u),va(u) >, <
U, Cs, (1), &2(u) > |u € R} be a SCS in Ry. Then,

(Z) The image ¢(C€OZ/81) = {< ¢(%1)? ¢(M1) >, < ¢(<@81)7 ¢(V1) >, < ¢(Cgsl)7¢(£1) >
}is a SCS in Ry defined by

v6¢ Hw)

sup Ay (v), if o (u) £ 0
P(As, ) (u) =

otherwise.

veénf pi(v), if oM u) £ 0
otherwise.
Ezup Bs,(v), if 97 (u) # 0
otherwise.
Ueénf vi(v), if o~ (u) # 0D
otherwise.
Ueénf Co(v), if ¢ (u) £ 0
otherwise.
Eiup &i(v), if oM (u) £ 0D
otherwise.
(i1) The pre- Zmage o CUs,) = “Hy) 97 (12) >, < (97 H(Bsy), 07 (1)
> < (¢07HChy), 971 (&)) } SCS in 721 deﬁned by
1(‘5“%2)( ) = {< (01 (y (), ¢ (p2(w))) >, < (971 (B, (u)), 6~ (v2(w))) >
< (07 E (u), 07 (Ee(u)) >} = {< ( sz(sb(U))?uz(cb(U))) >, < (B (P(u)), 12

(6(w))) >, < (% (())(()))>}
Example 3.2. Let R ={0,1,2,3} with binary operation “ + " on R, I' = {0, 1}
and R x I' x R — R be a mapping. We define SCS in R as

Table 3.1
R oA 1 R B, v R 6, &
0 |(0.3,0.7)]0.9 0 [(0.3,0.7)]0.8 0 (0.1,0.2) | 04
1 |(0.4,0.6) 0.8 1 1(0.2,0.5) 0.6 1 1(04,0.7)]0.3
2 |1(0.5,0.7) 104 2 1(0.1,04) | 0.6 2 1(0.3,0.6) | 0.7
3 1(06,0.8)]0.5 3 |(04,0.6)]0.7 3 1(0.4,0.8)]0.9




Homomorphism and Anti-homomorphism of Spherical Cubic Bi-ideals ... 25

Then €%  is a SCBI of R using homomorphism.

Theorem 3.3. Let ¢ : Ry —> Ro be a gamma homomorphism and (€U s,, R1)
be a SCBI of Ry. Then the image (p(C€U s,), R2) is also a SCBI of Ro.

Proof. Let u,v,w € Ry and o, € I'. Since ¢ is a gamma homomorphism and

CU s, is a SCBI of Ry, we have
(i) (e, )(u—v) = sup &, (w)

weP~(u—v)
- sup '52{81 (w>
$(w)=u—v
= sup s, (u—v)
d(u)=u,¢(v)=v ,
> sup  (man'{, (u), %, (v)})
P(u)=u,p(v)=v
= min'{ sup <, (u), sup <, (v)}
| #lw=u P(v)=v
= mlnz{(lﬁ(%l)(u% (]5(:!2{81)(11)},
_ — inf
(1) (u —v) weqsyll(u—v)ul(w)
= inf w
¢mw:u—vul< )
— inf U —v
qb(u):u,(?(v):v i ( )
< n max u), v
<, (mes{im(). m()})
= max{ inf u), inf v
{qb(u)* pr1 () ¢(v):vﬂl( )}

= maz{o(p)(w), d(11)(v)},
(i) ¢(Bs)(u—v)= sup B (w)

weP 1 (u—v)
- sup '%Sl(w)
d(w)=u—v
= sup A, (u—v)
¢(u):u7¢(v)iv .
> sup  (min'{%,, (u), B, (v)})
P(u)=u,p(v)=v
= min'{ sup X, (u), sup %, (v)}
o o(u)=u $(v)=v
= min'{p(As, ) (u), p(ABs, ) (v)},
_ — inf
o(v1)(u — ) we¢£1r11(u_v)v1(w)
= inf v(w
$(w)=u—v 1(w)
= inf vi(u—v)
¢(u)=u7?(v)=v
< n max{vi(u), V(v
- ¢(u)=u7¢(v):v( (). mv)})
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= max{ inf v(uw), inf (v
{¢(u):u 1(u) i 1(v)}

= max{o(v1)(u), p(r1)(v)},
(i) () (w—v) = _inf %, (w)

weP~(u—v)
B ¢<w%fii,v @ (w)
- ¢(u)=iur,l¢f><u):v s, (“‘ —v)
: ¢<u>:§?§<v>zv(maxl{% (), G, (v)})
— maxl{(zs(iﬁiu Gy (u), ¢(j££v %, (0))

st {6(8) ), 6E ),
W) —v) = sw  &(w)
= sup & (w)
Bw)=u—v
— sup  &i(u—w)
P(u)=u,¢(v)=v
> sup  (min{&(uw),&(v)})
¢(u):u7¢(v):1}
=min{ sup & (u), sup & (v)}
$(u)=u ¢(v)=v

= min{¢(&1)(w), d(&1)(v)},
(iv) o(#, ) (uavpw) = sup o, (w)

weP™ ! (uavBw)
- sup '!2{81(10)
o(w)=uavfw
= sup o, (uavfw)
¢(u)=u,¢(w)=w ,
> sup  (min'{o, (u), o, (w)})
$(u)=u,(w)=w
= min'{ sup o, (u), sup o, (w)}
o P(u)=u p(w)=w
= min'{p(;, ) (uv), p(Hs, ) (w)},
uavfpw) = inf w
Olm)(uavfw) = inf - (w)
= inf w
¢(w):uav6wﬂ1( )
= inf uav fw
¢(U)=u7¢(w)=wm< fw)
< inf max u), p(w
- ¢>(u)=u,¢(w>=w( tar (), (w))
= max{ inf w), inf w
{¢( p () d)w):wﬂl( )}

u)=u (

= max{d(u)(u), ¢(p1)(w)},
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) 6B o) = swp B ()
= sup A (w)

o(w)=uavpw

— sup B, (uavfuw)
o(u)=u,p(w)=w '

> sup (minl{%m (U), @81 (w)})
¢(u):‘u,¢(w):w

= min’ { sup A, (u), sup HBs, (w)}

o(u)=u ¢(w)=w
= min'{¢(Bs,)(u), p(%s,) (W)},
() (uavfu) = ¢_}f&fﬂ sy 1)

d)(w)l:r'tllav,@w 7 (w)
d)(u):qu,l,}ﬁ(’w):w 1 (uawPw)

< inf ;

= ¢(u>=i%<w)=w(max{yl (), va(w)})

= max{d)(iu%iu v (u), ¢(g§£w v (w)}

= max{od(v1)(u), p(r1)(w)},

(vi) ¢(€s,)(uavfw) = inf %, (w)
weP~ ! (uavBw)
- inf Cfsl (w)
o(w)=uavpw
= inf G5, (uavPfw
sy o1 | pw)
< inf max'{%s, (u), €, (w
_¢(u):u,¢(w)=w( {45 (u) (w)})

=maz'{ inf €, (u), inf %, (w
{¢(u):u ( )¢(w):w (w)}

= maz' {$(Cs, ) (u), p(Cs, ) (w)},
d(&1)(uavpfw) = sup §1(w)

wep— ! (uavfw)
= sup  &(w)
¢ (w)=uavfw
B
(u)=u,p(w)=w
> sup  (min{&i(u), & (w)})

Plu)=u,p(w)=w
:mm{(ﬁ?l;p §1(u), Sl;p &(w)}

= min{¢(&1)(u), (&) (w)}-
Hence the image (¢p(€% s,), R2) is a SCBI of R,.

Theorem 3.4. Let ¢ : Ry — Ry be a gamma homomorphism and (€% s,, R2)
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be a SCBI of Ry. Then the pre-image (¢~ (€U s,), R1) is also a SCBI of R.

Proof. Let u,v,w € Ry and o, € I'. Since ¢ is a gamma homomorphism and

(€U s,,R>) is a SCBI of R, we have
(1) ¢~ (o) (u = v) = oy (d(u — v))
= oy (d(u) — cb(v))
> min {%2@(“)) 2 (0(v))}

= min'{¢~! (,)(u), o~ (,) (v)},
¢~ (1) (u = v) = pa(d(u — v))
—uz( (u) = ¢(v))
< maz{pz(¢(u)), p2(¢(v))}
= maz{¢~" (u2)(u), ¢~ (12) (v)},
(ii) ¢ (Bp) (u = v) = By (G(u — v))
= By (9(u) = 6(v))
> min'{ By, (6 (u)), Bsy (9(v))}
= min'{¢~"(%s,)(u), ¢~ (B,) (v)}
¢~ (v2)(u = v) = va(P(u — v))
= va(@(u) — ¢(v))

< maz{vy(¢(u)), v2(¢(v))}

= maz{¢~' (1n)(u), ¢~ (1)(v)},
(iif) ¢71(%,) (u — v) = €,y (P(u

= ‘@(qb(u) - ¢(U§)

)
= maz'{¢p~1(%,,)
¢ (&) (u—v) = &(Plu—v
= &(0 ( ) = o(v
>mm{€2( (), 52( (v ))}
—mm{¢ H&)(
(iv) ¢~ (e, (uavfuw) = o, (H(u
= s, (d(u ) (U)
> min {«Qfsz( (v)),
= min'{¢~" (o, )(u
¢~ (p2) (uawpw) = pa(d(uavfw)
= M2(¢( Jag(v)B
<ma${ﬂ2( (w)),
= max{¢~" () (u
(v) o7 (ABs,) (uawpw) = A, ( (UOWB
> min’{,%’s2(¢(u)
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= min'{¢~! (%s,)(u), ¢~ (%s,) (w)},
¢ o) (uavfw) = vy(P (uowﬁw))
= va(p(u)ag(v) Se(w)
< maz{va(¢(u), va(@(w))}
= maz{¢~" (v2)(u), ¢~ (v2) (w)},
(vi) ¢7H( %) (uavfw) = G, (d(uavfw))
= Cor(P(u)ag(v) S (w)
<ma${‘5sz( (1)), G, (P(w)) }
= maz' {¢~1(%,)(u), o~ (C.,) (w)},
671 (&) (uavpu) = &(¢(uavpu))
= &(¢(u)ag(v) fo(w)
> min{&s(o(u)), &2(¢(w))}
= min{¢~"(&)(u), o~ (&) (w)}.
Hence the pre-image (¢~ (€% s,),R1) is a SCBI of R;.

Theorem 3.5. Let ¢ : Ry — Ry be an epimorphism of gamma near-rings Ry
and Ry. If (€ s,,R2) is a SCS of Ry such that (9~ (€U s,), R1) is a SCBI of
R, then (€% s,,R2) is a SCBI of Rs.

Proof. Let u,v,w € Ry and «, 5 € I', and take ¢(x) = u, ¢(y) = v, ¢(2) = w, for
some x,y,z € Ry, we have

(i) oy (u — ) = Aoy (D(2) = $(y)) = Fer (92 — y))

=¢ (o )(w y)
> min’ {¢ Ny (@), 01 (y) ()}
= min'{ s, (¢(x)), Fs, ($(y ))}
= nun {"@{Sz( ) 2(”)}
pa(u — v) = pa(d(x) — ¢(y)) = pa2(p(z — y))

= ¢ ( )(m y)
< maz{¢™" (p2) (@), 6~ (12)(y)}
= maz{pz(d(2)), p2(o(y))}
—mafﬂ{uz( ), 12(v) },

(i) B, (u—v) = By (9(z) — 9(y)) = By (P(z —y))

= ¢~ H(# =)(7 ~y)

{6 (B.)(2), 6 (B ()
min' {B.,(6(x)), Bos(6(4))}

min'{ B, (u), B, (v)},

va(¢(2) = o(y)) = va(d(r —y))

Y
§
=S

VQ('U, -

INIES I
I
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= maz{vy(u), n(v)},
(ili) G, (u — v) = C5, (d(2) — 9(y)) = G, (d(x — y))
= ¢ (%, )( — )
< max’ {¢ N, (), 071 () (y)}
= max' {6, (¢(x)), €y, (0(y))}
= max'{%,,(u), €, (v)},
So(u —v) = 52( o(x) — o(y)) = &a(d(x — y))
= ¢! (52)@—9)
> min{¢~" (&) (2), o~ (&) (y)}
= min{&(d(x)), &2(d(y))
—mm{fz( ),&(v)},
(iv) o, (uawpw) = o, (d(2)ag(y)Bo(2)) = Fs,(P(rayBz))
= ¢ (A, )(x ypz)
> min' {cb Hdy) (@), ¢~ () (2)}
= min'{ o, (¢ ( ))s sy (9(2 ))}
= min'{e, (u), s, (w)},
pe(uavfw) = pa((r)a ¢(y)ﬁ¢(2))

- uz(cb(ﬂcayBZ))
¢~ (uz)(my/%)
maz{¢~" (p2)(x), ¢~ (12)(2)}
maz{pz(¢(x)), pa(P(2))}
m@m{ﬂz( ), 2(w)},
B, (9(x)g(y)Bo(2))

A

(V) B, (uavfw) =
=% 2(¢(myBZ))
= ¢ (s )(myBZ)
> min {cb Y Hs,)(2), 071 (Bs,)(2)}
= min'{ B, (¢ ( ))s By (9(2)) }

= min'{AB., (), B, (w)},
a(wawfw) = ma(9(2)ad(y) 56 (=)
= ny(plzays2))

¢~ (v2) (zaypz)
maz{o (m)(2), 6~ (1) ()}
maz{vy(¢(r)), va2(¢(2)) }

= maz{vy(u), vo(w)},
(vi) G (uavpw) = G, (d(x)ag(y) B (2))

= Gy (d(rayfz))

= ¢_1(%2)<xayﬁz)

< max'{¢~1(%,)(x), o7 (€:,) (2)}

A
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= max'{%s,(¢(x)), €, ((2))}

= max'{%s,(u), €, (w )}
Ea(uavfw) = &(p(x)ad(y)Bé(2))

:é’z( (zayfz))

= ¢~ (&)(vaypB2)

> min{¢~ (&) (x ) o~ (&)(2)}

= min{&(¢(x)), £2(4(2))} = min{&a(u), &2(w)}-
Hence (€% s,,R2) is a SCBI of Rs.

4. Anti-Homomorphism of Spherical Cubic Bi-ideals of Gamma Near-
rings

In this section, we study the properties of SCBI of R using anti-homomorphism.
Theorem 4.1. Let ¢ : Ry — Ry be a gamma anti-homomorphism and (€U s,, R1)
be a SCBI of Ry, then the image (p(C€U s,), R2) is also a SCBI of Rs.
Proof. Since ¢ is a gamma anti-homomorphism and €% s, is a SCBI of R;. Then
we can easily seen that the image (¢(€% s,), R2) is a SCBI of R,.

Theorem 4.2. Let ¢ : Ry — Ra be a gamma anti-homomorphism and (€U s,, R2)
be a SCBI of R, then the pre-image (¢ (€U s,), R1) is also a SCBI of R;.
Proof. Since ¢ is a gamma anti-homomorphism and (4% s,, R2) is a SCBI of Rs.
Then we can easily seen that the pre-image (¢~ (6% s,), R1) is a SCBI of R;.

Theorem 4.3. Let ¢ : Ri — Ry be an onto anti-homomorphism of gamma
near-rings Ry and Ry. If (€U s,,R2) is a SCS of Ry such that (¢~ (€U s,), R1)
is a SCBI of Ry, then (€% s,,R2) is a SCBI of R,.

Proof. Let u,v,w € Ry and take ¢(z) = u,¢(y) = v and ¢(z2) = w, for some
x,y,z € Rq. Then we can easily seen that (6% s,, R2) is a SCBI of R,.

References

[1] Chinnadurai V., Fuzzy Ideals in Algebraic Structures, LAP LAMBERT Aca-
demic Publishing, 2013.

[2] Chinnadurai V., Bharathivelan K., Cubic ideals of I"-near rings, IOSR Jour-
nal of Mathematics (IOSR-JM), 12, (2016), 25-37.

[3] Chinnadurai V., Lenin Muthu Kumaran K., Homomorphism and anti homo-
morphism of cubic ideals of near-rings, Annals of Fuzzy Mathematics and
Informatics, 13, (4) (2017), 519-529.

[4] Chinnadurai V., Arulmozhi K., Interval valued fuzzy ideals of gamma near-
rings, Bulletin of the international Mathematical virtual institute, 8, (2018),
301-314.



32

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

South FEast Asian J. of Mathematics and Mathematical Sciences

Chinnadurai V., Shakila V., T-fuzzy bi-ideal of gamma near-ring, AIP Con-
ference Proceedings, 9, (2020), 090012-1-7.

Chinnadurai V., Shakila V., Spherical fuzzy bi-ideals of gamma near-rings,
Advances in Mathematics: Scientific Journal, 2277, No. 10 (2020), 7793-7802.

Chinnadurai V., Shakila V., Spherical interval-valued fuzzy bi-ideals of gamma
near-rings, Journal of Fuzzy Extension and Applications, 4 (2020), 336-345.

Chinnadurai V., Shakila V., Spherical Cubic bi-ideals of Gamma near-ring,
Communications in Mathematics and Applications, 12 (2020), 1025-1044.

Hong S. M., Jun Y. B. and Kim H. S., Fuzzy ideals in near-rings, Bull. Korean
Math. Soc., 35 (1998), 455-464.

Jun Y. B., Sapanei M. and Ozturk M. A., Fuzzy ideals in Gamma near-rings,
Tr. J of Mathematics, 22 (1998), 449-459.

Jun Y. B., Kim K. H. and Ozturk M. A., On Fuzzy ideals of Gamma near-
rings, Turk. J of Mathematics, 9 (2001), 51-58.

Jun Young Bae, Kim Chang Su, Yang Ki Oong, Cubic sets, Annals of Fuzzy
Mathematics and Informatics, 4, No. 1 (2012), 83-98.

Kahraman and Gundogdu, Spherical fuzzy sets and spherical fuzzy TOPSIS
method, Journal of intelligent and fuzzy systems, 36 (2018), 9-12.

Meenakumari N. and Tamizh Chelvam T., Fuzzy bi-ideals in Gamma near-
rings, Journal of Algebra and discrete structures, 9 (2011), 43-52.

Satyanarayana Bh., A note on Gamma near-rings, Indian J. Mathematics, 41
(1999), 427-433.

Srinivas T., Nagaiah T., Some results on T-fuzzy ideals of I'-near-rings, An-
nals of Fuzzy Mathematics and Informatics, 4 (2012), 305-319.

Thillaigovindan N., Chinnadurai V. and Kadalarasi S., Interval valued fuzzy
ideals of near-rings, The Journal of Fuzzy Mathematics, 23, (2)(2015), 471-
484.

Zadeh L. A., Fuzzy sets, Inform and Control, 8 (1965), 338-353.



