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ABSTRACT. In this paper, we introduce the notion of fuzzy soft bi-
interior ideals over ['—semirings and study some of their algebraical
properties.bi-interior ideal

Key Words: bi-interior ideal, fuzzy soft bi-interior ideal, I'—semiring.
2010 Mathematics Subject Classification: Primary: 16Y60, Secondary: 16Y99, 03E72.

1. INTRODUCTION

The notion of I'—ring was introduced by Nobusawa [42] as a general-
ization of ring in 1964. Sen [44] introduced the notion of I'—semigroup
in 1981. The notion of ternary algebraic system was introduced by
Lehmer [12] in 1932, Lister [13] introduced ternary ring. The notion of
a ['—semiring was introduced by Murali Krishna Rao [17-23] in 1995,
not only generalizes the notion of semiring and I'—ring but also the
notion of ternary semiring. The notion of a semiring is an algebraic
structure with two associative binary operations where one distributes
over the other, was first introduced by Vandiver [47] in 1934 but semir-
ings had appeared earlier in studies on the theory of ideals of rings.
Herniksen [5] defined k—ideals in semirings to obtain analogous of ring
results for semiring. The notion of ideals was introduced by Dedekind
for the theory of algebraic numbers, was generalized by E. Noether for
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associative rings. The one and two sided ideals introduced by her, are
still central concepts in ring theory. We know that the notion of a one
sided ideal of any algebraic structure is a generalization of notion of an
ideal. The quasi ideals are generalization of left and right ideals whereas
the bi-ideals are generalization of quasi ideals. Iseki [6,7,8] introduced
the concept of quasi ideal for a semiring. Quasi ideals in I'—semirings
studied by Jagtap and Pawar[9] studied ideals in semirings. As a fur-
ther generalization of ideals, Steinfeld [45] first introduced the notion of
quasi ideals for semigroups and then for rings. We know that the notion
of the bi-ideal in semirings is a special case of (m, n) ideal introduced
by S. Lajos.The concept of bi-ideals was first introduced by R.A. Good
and D.R. Hughes[4] for a semigroup. Lajos and Szasz [10,11] introduced
the concept of bi-ideals for rings. Semirings play an important role in
studying matrices and determinants. Murali Krishna Rao [24-31] in-
troduced the notion of left (right) bi-quasi ideal, bi-interior ideal and
bi- quasi-interior ideal of semiring, I"-semiring,I'-semigroup and studied
their properties. The theory of fuzzy sets introduced by Zadeh [48,49] is
the most appropriate theory for dealing with uncertainty. The concept
of fuzzy subgroup was introduced by Rosenfeld [43]. D. Mandal [15]
studied fuzzy ideals and fuzzy interior ideals in an ordered semiring. N.
Kuroki studied fuzzy interior ideals in semigroups. K.L. N. Swamy and
U. M. Swamy [46] studied fuzzy prime ideals in rings in 1988. Molodtsov
[16] was introduced the concept of soft set theory as a new mathematical
tool for dealing with uncertainties,only partially resolves the problem is
that objects in universal set often does not precisely satisfy the param-
eters associated to each of the elements in the set. Then Maji et al.
[14]extended soft set theory to fuzzy soft set theory. Aktas and Cagman
defined the soft set and soft groups. Majumdar and Samantha extended
soft sets to fuzzy soft set. Acar et al. [1], gave the basic concept of soft
ring. Jayanth Ghosh et al. [3] initiated the study of fuzzy soft rings and
fuzzy soft ideals. Feng et al. [2] studied soft semirings by using the soft
set theory. M.Murali Krishna Rao et al. [32-41] introduced and stud-
ied fuzzy ideal, fuzzy soft ideals, fuzzy soft ordered I'—semiring, fuzzy
soft ideal,fuzzy soft bi-ideal,fuzzy soft quasi-ideal and fuzzy soft interior
ideal over ordered I'—Semirings. In this paper, we introduce the notion
of fuzzy soft bi-interior ideals over I'—semirings and study some of their
algebraical properties.
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2. PRELIMINARIES

In this section, we recall some definitions introduced by the pioneers
in this field earlier.

Definition 2.1. Let (M, +) and (T, +) be commutative semigroups. Then
we call M as a '—semiring,if there exists a mapping M xI' x M — M,
(x,a,y) is written as as zay such that it satisfies the following axioms
for all x,y,z € M and o, €T
(i) za(y + 2z) = zay + zaz
(ii) (z+y)az =zaz+yaz
(i) z(a+ Py = zay + zfy
(iv) za(ypz) = (zay)Bz.

Definition 2.2. A I'—semiring M is said to be commutative I'—semiring
if ray = yazx, for all x,y € M and a € T'.

Definition 2.3. Let M be a I'—semiring. An element 1 € M is said to
be unity if for each © € M there exists o € I" such that zal = lax = x.

Definition 2.4. A fuzzy subset p : S — [0, 1] is non-empty if x is not
the constant function.

Definition 2.5. For any two fuzzy subsets A and p of S, A C p means
AMz) < p(x) for all x € S.

Definition 2.6. Let f and g be fuzzy subsets of I'—semiring M. Then
fog, f+g,fUg, fNg, are defined by
sup {min{f(z),9(y)}},
fog(z) =

z=zxay
0, otherwise.

F (o) = { Zgg}jy{mij{f(x),g(y)}},
0, otherwise
fUg(z) =maz{f(2),9(2)} ; fNg(z) =min{f(2),9(2)}
x,y e M,a el forall ze M.

Definition 2.7. Let M be a I'—semiring.A fuzzy subset p of M is said
to be fuzzy I'—subsemiring of M if it satisfies the following conditions

(1) p(x +y) > min {u(z), u(y)}
(i7) p(zay) > min {pu(z), u(y)}, for all z,y € M, € T



50 Marapureddy Murali Krishna Rao

Definition 2.8. A function f : R — M where R and M are I'—semirings
is said to be I'—semiring homomorphism if f(a +b) = f(a) + f(b) and
flaab) = f(a)af(b) for all a,b € R,a € T.

Definition 2.9. Let A be a non-empty subset of M. The characteristic
function of A is a fuzzy subset of M, defined by

() = 1, ifzeA;
XA\ =0, ifz ¢ A

Definition 2.10. A fuzzy subset p of I'—semiring M is called a fuzzy left
(right) ideal of M if for all xz,y € M,a € I it satisfies the following
conditions

(1) p(z +y) = min{p(z), p(y)}
(i) p(xay) > ply) (u(x)), for all x,y € M,a € T.

Definition 2.11. A fuzzy subset p of I'—semiring M is called a fuzzy
ideal of M if it satisfies the following conditions

() w(x +y) = min{p(z), w(y)}
(13) p(ray) > mazx {pu(x), u(y)}, for all x,y € M,a €T

Definition 2.12. Let U be an initial Universe set and E be the set of
parameters. Let P(U) denotes the power set of U. A pair (f, F) is called
soft set over U where f is a mapping given by f: E — P(U).

Definition 2.13. For a soft set (f, A), the set {x € A | f(x) # 0} is called
Support of (f, A) denoted by Supp(f, A). If Supp(f, A) # () then (f, A)

is called non null soft set.

Definition 2.14. Let U be an initial Universe set and E be the set of
parameters. Let A C E. A pair (f, A) is called fuzzy soft set over U
where f is a mapping given by f : A — IV where IV denotes the
collection of all fuzzy subsets of U.

Definition 2.15. Let (f, A), (g, B) be fuzzy soft sets over U then (f, A)
is said to be a fuzzy soft subset of (g, B) denoted by (f, A) C (g, B) if
A C B and f(a) C g(a) for all a € A.

Definition 2.16. Let (f, A), (g, B) be fuzzy soft sets. The intersection of
fuzzy soft sets (f, A) and (g, B) is denoted by (f,A) N (g,B) = (h,C)
where C' = AU B is defined as
fe, if ce A\ B;
he =< ge, if ce B\ A4;
feNge, ifce AN B.
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Definition 2.17. Let (f,A),(g,B) be fuzzy soft sets over U. Then
“(f,A) and (g, B) is denoted by “(f, A) A (g, B)” is defined by (f, A) A
(9,B) = (h,C) where C = A x B. hc(z) = min {fs(x),g(z)} for all
c=(a,b) € Ax Bandz € U.

Definition 2.18. Let S be al'—semiring and E be a parameter set and
A C E. Let f be a mapping given by f : A — [0,1]° where [0,1]°
denotes the collection of all fuzzy subsets of S. Then (f, A) is called
a fuzzy soft left(right) ideal over S if and only if for each a € A, the
corresponding fuzzy subset f, : S — [0,1] is a fuzzy left(right) ideal of

S.ie., (i) fo(z4y) > min {fo(z), fa(y)} (7) fa(zay) > fa(y)(fa(x)),for
all z,y € S,a, B €T

Definition 2.19. Let S be a I'—semiring and E be a parameter set and
A C E. Let f be a mapping given by f : A — [0,1]° where [0,1]°
denotes the collection of all fuzzy subsets of S. Then (f, A) is called a
fuzzy soft ideal over S if and only if for each a € A, the corresponding
fuzzy subset f, : S — [0,1] is a fuzzy ideal of S. i.e., (i) fo(z +y) >

min {fa(@), fa()} (i0) falway) > max {fa(@), faly)bfor all o,y €
S,a,BeTl.

Definition 2.20. Let S be a I'—semiring and F be a parameter set and
A C E. Let f be a mapping given by f : A — [0,1]° where [0,1]°
denotes the collection of all fuzzy subsets of S. Then (f, A) is called a
fuzzy soft bi- ideal over S if and only if for each a € A, the corresponding
fuzzy subset f, : S — [0,1] is a fuzzy bi- ideal of S. i.e., (i) fo(z+y) >
min {fu(2), fa(y)} (i6) fa(ayBz) > max {fa(2), fu(2)} for all 2,y €
S,a,8 €T forall z,y e S,a,B €T.

Definition 2.21. Let S be a I'—semiring and E be a parameter set and
A C E. Let f be a mapping given by f : A — [0,1]° where [0,1]°
denotes the collection of all fuzzy subsets of S. Then (f, A) is called a
fuzzy soft interor ideal over S if and only if for each a € A, the corre-
sponding fuzzy subset f, : S — [0,1] is a fuzzy interior ideal of S. i.e.,

(1) fa(z+y) = min {fa(x), fa(y)} (i1) fa(zayBz) > max {fu(y)}Hor all
z,y € S,a,Bel.

Definition 2.22. Let S be a I'—semiring and E be a parameter set and
A C E. Let f be a mapping given by f: A — [0,1]° where [0,1]° de-
notes the collection of all fuzzy subsets of S. Then (f, A) is called a fuzzy
soft quasi ideal over S if and only if for each a € A, the corresponding
fuzzy subset f, : S — [0, 1] is a fuzzy quasi ideal of S. i.e.A fuzzy subset
fa of T'—semiring S is called a fuzzy quasi ideal if
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(i) fa(z +y) = min(fo(2), fa(y)) (i) faoxs Axso faC fa

Definition 2.23. Let (f, A), (g, B) be fuzzy soft ideals over a I'—semiring
S. The product (f, A) and (g, B) is defined as ((f o g),C) where C =
AU B and

fe(@), if cc A\ B;
0g).(z) = gC(x)a ichB\A;
o)) ggﬁmwﬂmMan,ﬁceAmB

forallce AUB and x € S,a €T.

3. Fuzzy SOFT BI-INTERIOR IDEAL

In this section, the concept of fuzzy soft bi-interior ideal of I'—semiring
and study somo of their properties.

Definition 3.1. A non-empty subset B of a '—semiring M is said to be
bi-interior ideal of M if B is a I'—subsemiring of M and MT'BT'M N
BT'MTB C B.

Definition 3.2. A I'—semiring M is said to be bi-interior simple I'—semiring
if M has no bi-interior ideals other than M itself.

In the following theorem, we mention some important properties and
we omit the proofs since proofs are straight forward.

Theorem 3.3. Let M be a I'—semiring. Then the following are hold

(1) Every left ideal is a bi-interior ideal of M.

(2) Every right ideal is a bi-interior ideal of M.

(3) Ewvery quasi ideal is a bi-interior ideal of M.

(4) If A and B are bi-interior ideals of M ,then AT'B and BI'A are
bi-interior ideals of M.

(5) Ewery ideal is a bi-interior ideal of M.

(6) If B is a bi-interior ideal of M, then BTM and MTB are bi-
interior ideals of M.

Definition 3.4. A fuzzy subset u of a semiring M is called a fuzzy bi-
interior ideal if p(z + y) > min{u(x), u(y)} for all z,y € M. xpropo
XM O poxaops p

Ezxzample 3.5. Let (Q be the set of all rational numbers,

w={(2 ") laseca)
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and M =T'. A ternary operation is defined as the usual matrix multipli-
cation and A = { < g 2 ) |a,0#b € Q} . Then M is a I'— semigroup

and A is a bi-interior ideal but not a bi-ideal of semigroup M. Define
M —[0,1] by

(2) 1 ifxeA,
€Tr) ==
a 0, otherwise.

Then p is a fuzzy bi-interior ideal of M.

Definition 3.6. Let S be '—semiring and E be a parameter set and A C
E. Let p be a mapping given by p: A — [0,1]° where [0,1]° denotes
the collection of all fuzzy subsets of S. Then (u, A) is called a fuzzy soft
bi-interiori ideal over S if and only if for each a € A, the corresponding
fuzzy subset ideal of S. i.e.A fuzzy subset p, of '—semiring S is called
a fuzzy bi-interiori ideal if

(Dpa(@ +y) > min(pa(2), ta(y))

(i1) X © fa © X0 N g © XM © fa € fla-

Theorem 3.7. Let M be a I'—semiring, E be a parameterset and A C
E. If (u, A) is a fuzzy soft left ideal over M then (u,A) is a fuzzy soft
bi-interior ideal over M

Proof. Suppose (p, A) is a fuzzy soft left ideal over M. Then, for each
a € A, g is a fuzzy left ideal of M and x € M, «, 8 € T'. Then

X © pa(x) = sup {min{xar(c), pa(b)}}

r=cab

= sup {min{l,/la(b)}}

r=cab

= sup {pa(b)}

r=cab

< sup {Ma (Cb) }

r=cab

= sup {ya(2)}

r=cab

= p(z)
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= XM © Ha(7) < p(w).
o xam o pia(x) = sup {min{uq(u), xar 0 pa(vBs)}}

r=uavfs

sup {min{,uzz (U)v ﬂ'a(vﬁs)}}

r=uavfs

= ().

IN

Hence
XM © Ha © XM M fha © X1 © fa(x) = min{xas © pa © X 11 (), fra © X1 © pa ()}

< min{xa © pta © X0 (%), pa()} < pra(z).
Therefore xas 0 f1q © Xar N g © X1 © () C fhg-
Therefore p, is a fuzzy soft bi-interior ideal of M. Hence(u, A) is a fuzzy
soft bi-interior ideal over M 0

Corollary 3.8. Let M be a I'—semiring and E be a parameterset and
ACE. If (u, A) is a fuzzy soft right ideal over M then (u, A) is a fuzzy
soft bi-interior ideal over M

Theorem 3.9. Let M be a I'—semiring and i be a non-empty fuzzy sub-
set of M . A fuzzy subset i is a fuzzy bi-interior ideal of a I'—semiring M
if and only if the level subset u; of p is a bi-interior ideal of a I'—semiring
M for everyt € [0, 1], where pu; # ¢.

Theorem 3.10. Let M be a I'—semiring and p be a non-empty fuzzy
subset of M . A fuzzy subset u is a fuzzy bi-interior ideal of a I'—semiring
M if and only if the level subset uy of p is a bi-interior ideal of a
I'—semiring M for every t € [0,1], where uy # ¢.

Proof. Let M be a I'—semiring and p be a non-empty fuzzy subset of
M. Suppose p is a fuzzy bi-interior ideal of the I'—semiring M, u; #
¢,t €[0,1] and a,b € p, Then

pa) > t,u(b) >t
=p(a+b) > min{pu(a), p(b)} >t
=a+bec .
Let z € MTpu, LM N p I’ MT piy. Then x = baafu = cydde, where b, u, d €
M,a,c,e € pr.a, B,7,6 € I'. Then xpropoxar(z) > t and poxprou(x) >t
= p(z) >t
Therefore z € py. Hence py is a bi-interior ideal of M. Conversely suppose
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that p, is a bi-interior ideal of I'—semiring M, for all t € Im(u).
Let x,y € M, pu(x) = t1, u(y) = t2 and t; > to. Then =,y € piy,.

=z 4y €, and xy € py,
=u(x +y) = t2 = min{ty, t2} = min{u(z), u(y)}
Therefore p(z +y) > to = min{u(x), u(y)}.

We have MT u, M Ny PMT g C iy, for all ¢ € Im(p).

Suppose t = min{/m(p)}. Then MT M N PMT e C pug.

Therefore xpropoxp Nppoxarop < p.

Hence p is a fuzzy bi-interior ideal of the I'—semiring M. O

Corollary 3.11. Let M be a I'—semiring and A = [0, 1]. A fuzzy subset
W is a fuzzy bi-interior ideal of a T'—semiring M if and only if (i, A) is a
fuzzy soft bi-interior ideal over M then (u, A) is a fuzzy soft bi-interior
1deal over M

Theorem 3.12. Let I be a non-empty subset of a I'-semiring M and
x1 be the characteristic function of I. Then I is a bi-interior ideal of I'-
semiring M if and only if x1 s a fuzzy bi-interior ideal of a I'-semiring
M.

Proof. Let I be a non-empty subset of the I'-semiring M and x; be
the characteristic function of I. Suppose I is a bi-interior ideal of the
I'—semiring M. Obviously xy is a fuzzy I'—subsemiring of M. We have
MTITM NITMTI C I. Then

XM OXIOXMMXIoXmoxXi S Xr= XMPITMAITMTI € XTI

Therefore x7 is a fuzzy bi-interior ideal of the I'—semiring M. Conversely
suppose that x7 is a fuzzy bi-interior ideal of M.

Then [ is a I'— subsemiring of M. We have xaroxroxaNxroxaoxr € xr
= XMTITM N XITMTT & XT

= XMTITMAITMTI & XTI

Therefore MTIT'M N ITMT'I C I. Hence I is a bi-interior ideal of
the ['-semiring M. O

Theorem 3.13. If u and A are fuzzy bi-interior ideals of a I'—semiring
M, then p N X is a fuzzy bi-interior ideal of a I'—semiring M.
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Proof. Let p and A be fuzzy bi-interior ideals of the I'—semiring M and
x,y € M,a, 3 €I'. Then

Az +y) =min{u(z +y), ANz +y)}
> min{min{p(z), u(y)}, min{A(z), A(y) }}
= min{min{xu(z), M)}, min{u(y), A(y)}}
= min{p N A(z), n N A(y)}
Xm0 pNA(z) = sup {min{xas(a), p N A(b)}}

r=aab
= sup {min{XM(a)7 min{ﬂ(b)> )‘(b)}}

r=aab

= sup {min{min{XM(a), M(b)}, min{XM(a), /\(b)}}

r=aab

= min{ sup {min{xas(a), u(b)}, supb{min{XM(a),)\(b)}}

r=aab T=ao
— min{xar o j(z)-xa1 0 A(x)}
= XM © LN X 0 A(z)
Therefore xpr o pMA = xar oM xaro A
pNXoxyopNAz) = sup {min{pNA(a),xn o pNADBC)}}

r=aabfc

= sup {min{pNA(a),xa opNxaoAbBe)}}

r=aabfc

= sup {min{min{u(a), A(a)}, min{xar o p(bBc), xar o A(bBc)}}

r=aabfc

= sup {min{min{su(a), xas o p(bBc)}, min{A(a), xar © A(bBc)}}

r=aabfc

= min{u o xar o p(z), N o xum o A(z)}

= o xm o pNAo X o A(z).
Therefore pNAoxpropuNA=poxaropuNAoxa oA
Similarly xasopuNAoxar = xar oo xm N X oo xa. Hence xps o
pOXo X NpNAoxaopuNA= (xaropmoxm) N (woxaop)N(xao
Aoxm)N(AoxaproN) CunA.
Hence p N A is a fuzzy bi-interior ideal of M. O

Theorem 3.14. Let (f,A) and (g, B) be fuzzy soft bi-interiors over

I'—semiring M. Then (f, A)N (g, B) is a fuzzy soft bi-interior ideal over
M.

Proof. By definition 2.20, we have (f, A) N (g, B) = (h,C) where C =
AUB.
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Case (i) : h. = f.if c € A\ B. Then h, is a fuzzy bi- ideal of S since
(f,A) is a fuzzy soft bi-interior ideal over M.

Case (ii) : If ¢ € B\ A then h. = g.. Therefore h. is a fuzzy bi-interior
Ideal of M since (g, B)is a fuzzy soft bi-interior ideal over M.

Case (iii) : If ce AN B, and z,y € M,a € " then h, = f. N g, and
Hence by Theorem [3.17],h. is a fuzzy bi-interior ideal of M. Thus
(f,A)N (g, B) is a fuzzy soft bi- ideal over M. O

Theorem 3.15. If u and X\ are fuzzy bi-interior ideals of semiring M
then pU X is a fuzzy bi-interior ideal of a I'—semiring M.

Proof. Let p and A be fuzzy bi-interior ideals of I'—semiring M. Then
(LU (2 +y) = max{u(z +y), Az +y)}

> max{max{x(z), u(y)}, max{A(z), A\(y)}}
= max{max{u(z), A(z) }, max{u(y), M(y)} }
= max{pu UA(z), nUA(y)}

Xm0 pUA()
= sup max{xm(a), pUA(Db)}

r=aab

= sup maX{XM(a),maX{M(b)v)‘<b)}}

r=aab

= sup max{max{xa(a),u(b)}, max{x(a), A\(b)}}

r=aab

— max{ sup max{xar(a), u()}, sup max{yar(a), A(B)}}

r=aab r=ac
= max{xasr o u(x).xar o A(z)}
= xam © pUxar o A(z)

Thus
XmMopUAN=xpropnUyxa oA
pUloxpyopUA(x)= sup max{uUNa),xry opUAbSe)}
r=aabfc
= sup max{uUA(a), xar o pnUxa o A(bBe)}
r=aabfc
— " sup max{max{u(a), A()},
r=aabfc

max{xs © p(bSc), xar © A(bSc)}}
= sup max{max{u(a), xnrr o p(bpc)}, max{A(a), xar o A(bfc)}} =

r=aabfc
max{ sur;ﬁ max{pu(a), xar o u(bBe)}, SUII);B max{A(a), xap o A(bBc)}}

= max{p o xn o pu(x), Ao xn o A(@)} = poxam o pUAoxy o).
Therefore
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pUXoxpropuUN= poxpropUNoxpr o Similarly xpropuUAloxy =
X o poxam UxaoAoxa- Hence xpropUdoxy NupUloxpyopUN =
(xmopoxm)N(poxmou)Ulxmoroxm)N(AoxmoA) CuU

Hence U A\ is a fuzzy bi-interior ideal of M. 0

Corollary 3.16. Let (f,A) and (g, B) be fuzzy soft bi-interiors over
I'—semiring M. Then (f, A)U(g, B) is a fuzzy soft bi-interior ideal over
M.

Theorem 3.17. Let (f, A) and (g,B) be fuzzy soft bi-interior ideals
overl'—semiring S. Then (f, A) A (g, B) is a fuzzy soft bi-interior ideal
over S.

Proof. By Definition 2.22, (f, A) A (g, B) = (h,C) where C = A x B.
Let ¢ = (a,b) e C = Ax B and z,y € S,a € I'. Then

he(z+y) = falz+y) Ag(z+y)
min{ fa(x +y), gz + y)}
min{min{ fa(x), fa(y)}, min{gy(x), 9(y) }
min{min{ fa(x), go(x)}, min{ fa(y), 9(y)}}
min{fa A gb(l'), fa A gb(y)}

= min{hc<m)7 hc(y)}

Hence by Theorem [3.17],h. is a fuzzy bi-interior ideal of M. Hence h,
is a fuzzy soft bi-interior ideal over S. Therefore (h, A x B) is a fuzzy
soft bi-interior ideal over S. g

vl

Similarly, we can prove this following theorem.

Theorem 3.18. Let (f,A) and (g,B) be fuzzy soft bi-interiors over
I'—semiring M. Then the product (f,A) and (g, B) is a fuzzy soft bi-
interior ideal over M.

Definition 3.19. A fuzzy set u of an ordered I'—semiring M is said to
be normal fuzzy ideal if p is a fuzzy ideal of M and p(0) = 1.

Definition 3.20. Let (f, A) be fuzzy soft ideal over a I'—semiring S. Then
(f,A) is said to be normal fuzzy soft I'—semiring if f, is normal fuzzy
ideal of ordered I'—semiring over S, for all a € A.

Theorem 3.21. If (f, A) is a fuzzy soft left ideal over I'—semiring over
S and for each a € A, f is defined by fF(z) = fo(x) + 1 — f,(0) for

all x € S then (f*,A) is a normal fuzzy soft bi-interior ideal over an
ordered T'—semiring over S and (f,A) is subset of (f1,A).

Proof follows from Theorem 3.17
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Theorem 3.22. Let M be a reqular I'—semiring and E be a parame-
terset and A C E. Then (I, A) is a fuzzy soft bi-interior ideal over M
if and only if (f, A) is a fuzzy soft quasi ideal over M

Proof. Let M be a regular I'— semiring. Suppose (i, A) is a fuzzy soft
bi-interior ideal over M. Then, for each a € A, p, is a fuzzy bi-interior
ideal of M. Let x € M, «, 8 € I'. Then

XM © g © XM N JM © XM © fa C Ha- Suppose Xar © fia(®) > pa(T).
Since M is regular, there exist y € M, «a, 8 € I" such that z = zayfx.
Then

fta © XM © pta(2) = sup {min{puq(x), xar © pa(yBz)} )

r=xayfr
> Supﬁ {min{ﬂa(x)a Ma(yﬁx)}}
r=zayfz
= p(x)

Which is a contradiction.Therefore g 0 Xpr N xar © pta C ha-
Therefore pu, is a fuzzy quasi ideal over M Hence(u, A) is a fuzzy soft
quasi ideal over M By Theorem [3.10], converse is true. O

Acknowledgments

The authors would like to thank the reviewers for their valuable com-
ments and helpful suggestions forimprovement of the original manuscript

REFERENCES

[1] D. D. Anderson and E. Smith, Weakly prime ideals, Houston J. Mathematics,
29 (2003), 831-840.

[2] D. F. Anderson, R. Levy and J. Shapirob, Zero-divisor graphs, von Neumann
reqular rings, and Boolean algebras, Journal of Pure and Applied Algebra, 180
(2003) 221-241.

[3] L. Beck, Coloring of commutative rings. J. Algebra, 116 (1988), 208-226.

[4] J. A. Huckaba, Commutative rings with zero divisors, New York: Dekker (1988).

[5] R. Y. Sharp, Steps in commutative algebra, Cambridge: Cambridge University
Prees.

[6] U. Acar, F. Koyuncu and B. Tanay, Soft sets and Soft rings, Comput. and Math.
with Appli.,59 (2010), 3458-3463.

[7] F.Feng, Y.B. Jun and X. Zhao, Soft semirings , Comput. and Math. with Appli.
56 (2008), 2621-2628.

[8] J.Ghosh, B.Dinda and T.K. Samanta, Fuzzy soft rings and Fuzzy soft ideals,
Int.J. P. App.Sc.Tech. 2(2) (2011), 66-74.

[9] R. A. Good and D. R. Hughes, Associated groups for a semigroup, Bull. Amer.
Math. Soc., 58 (1952), 624-625.



60
[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]
[19]

[20]
21]
22]
23]
24]
[25]
[26]
27]
28]
[29]
(30]

[31]

[32]

Marapureddy Murali Krishna Rao

M. Henriksen,Ideals in semirings with commutative addition, Amer. Math. Soc.
Notices, 5 (1958), 321.

K. Iseki, Quasi-ideals in semirings without zero, Proc. Japan Acad., 34 (1958),
79-84.

K. Iseki, Ideal theory of semiring, Proc. Japan Acad., 32 (1956), 554-550.

K. Iseki, Ideal in semirings, Proc. Japan Acad., 34 (1958), 29-31.

R. D. Jagatap, Y.S. Pawar, Quasi-ideals and minimal quasi-ideals in
I'—semirings, Novi Sad J. Math., 39(2) (2009), 79-87.

S Lajos,On the bi-ideals in semigroups, Proc. Japan Acad., 45 (1969), 710-712.
S. Lajos and F. A. Szasz, On the bi-ideals in associative ring, Proc. Japan Acad.,
46 (1970), 505-507.

H. Lehmer, A ternary analogue of abelian groups, Amer. J. of Math., 59 (1932),
329-338.

G. Lister , Ternary rings, Trans. of Amer, Math. Soc., 154 (1971), 37-55.
P.K.Maji, R. Biswas and A.R.Roy, Fuzzy soft sets, The J. of Fuzzy Math., 9(3)
(2001), 589-602.

D. Mandal, Fuzzy ideals and fuzzy interior ideals in ordered semirings, Fuzzy
info. and Engg.,6 (2014), 101-114.

D. Molodtsov,Soft set theory-First results, Comput. Math. Appl., 37 (1999), 19-
31.

M. Murali Krishna Rao, I'-semirings-I, Southeast Asian Bulletin of Mathematics,
19 (1)(1995), 49-54.

M. Murali Krishna Rao, I'-semirings-II, Southeast Asian Bulletin of Mathemat-
ics,21(3) (1997), 281-287.

M.Murali Krishna Rao, The Jacobson radical of I'-semiring, South eastAsian
Bulletin of Mathematics,23 (1999), 127-134.

M. Murali Krishna Rao, I'—field, Discussiones Mathematicae General Algebra
and Applications, 39 (2019), 125133 doi:10.7151/dmgaa.1303.

M.Murali Krishna Rao,ldeals in orderedl’—semirings, Discussiones Mathemati-
cae General Algebra and Applications, 38 (2018), 47-68. doi:10.7151/dmgaa.1284
M. Murali Krishna Rao, I'— semiring with identity, Discussiones Mathematicae
General Algebra and Applications., 37 (2017), 189207,doi:10.7151 /dmgaa.1276.
M. Murali Krishna Rao and B. Venkateswarlu, Regular I'—incline and field
I'—semiring, Novi Sad J. of Math., 45 (2), (2015), 155-171.

M. Murali Krishna Rao, A study of quasi-interior ideal of semiring,Bull. Int.
Math. Virtual Inst , Vol. 2 (2019), 287-300.

M. Murali Krishna Rao, A study of generalization of bi-ideal, quasi-ideal and
interior ideal of semigroup, Mathematica Morovica, Vol.22(2) (2018),103-115.
Marapureddy Murali Krishna Rao,A study of bi-quasi-interior ideal as a new
generalization of ideal of generalization of semiring,Bull. Int. Math. Virtual Inst
, Vol. 8 (2018),519-535.

M. Murali Krishna Rao,bi-interior Ideals in semigroups, Discussiones
Mathematicae  General —Algebra and  Applications, 38 (2018),69-7.8
doi:10.7151/dmgaa.1284.



Fuzzy soft bi-interior ideal I"—semiring 61

[33]

[34]

[35]

[36]

37]

[38]

[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]

[47]

(48]
[49]

[50]
[51]

[52]

M. Murali Krishna Rao, bi-interior Ideals in I'- semirings, Discus-
siones Mathematicae General Algebra and Applications, 38,2 (2018),239-254
doi:10.7151 /dmgaa.1284.

M. Murali Krishna Rao and B. Venkateswarlu,Right derivation of ordered
I'—semirings,Discussiones Mathematicae General Algebra and Applications 36
(2016), 209221 doi:10.7151/dmgaa.1258

M. Murali Krishna Rao, B. Venkateswarlu and N.Rafi,Left bi-quasi-ideals of T'-
semirings,Acia Pacific Journal of Mathematics, Vol.4, No. 2 (2017), 144-153.
ISSN 2357-2205.

M. Murali Krishna Rao, B. Venkateswarlu and N.Rafir—IDFEALS IN
I'—INCLINE,Acia Pacific Journal of Mathematics, Vol.6, No. 1 (2019), 6:6
ISSN 2357-2205.

M. Murali Krishna Rao, Fuzzy soft I'- semirings homomorphism, Annals of Fuzzy
Mathematics and Informatics,Volumel2, No. 4, (October 2016), pp. 479- 489.
M. Murali Krishna Rao and B. Venkateswarlu,On generalized right derivations
of I'— incline,Journal Of The International Mathematical Virtual Institute, 6
(2016), 31-47.

M. Murali Krishna Rao,Fuzzy soft I'—semiring and fuzzy soft k ideal over
I'—semiring, Ann. Fuzzy Math. Inform.9(2) (2015), 12-25.

M.Murali Krishna Rao. Bi-quasi-ideals and fuzzy bi-quasi ideals of I'-semigroups,
Bull. Int. Math. Virtual Inst., Vol. 7(2) (2017), 231-242.

M. Murali Krishna Rao, B. Venkateswarlu and N.Rafi,r- Fuzzy Ideals of I'-incline,
Annals of Fuzzy Mathematics and Informatics, 17(2) (2019).

M. Murali Krishna Rao,Fuzzy prime ideals in ordered I' -semirings, Joul. Int.
Math. Virtual Inst. 7 (2017) 85-99.

M. Murali Krishna Rao, T-fuzzy ideals in ordered I' -semirings, Annals of Fuzzy
Mathematics and Informatics Volume 13, No. 2, (February 2017), pp. 253 -276.
M. Murali Krishna Rao and B. Venkateswarlu, L— fuzzy ideals in I'- semirings,
Annals of Fuzzy Mathematics and Informatics,10 (1) (2015), 1-16.

M. Murali Krishna Rao and B. Venkateswarlu, Fuzzy soft k ideals over semirings
and fuzzy soft semirings homomorphism, Journal of Hyperstructures 4(2) (2015),
93-116.

M. Murali Krishna Rao and B. Venkateswarlu,An intuitionistic normal fuzzy
soft k -ideal over a I' -semirings, Annals of Fuzzy Mathematics and Informatics
Volume 11, No. 3 (March 2016), pp. 361 -376.

N. Nobusawa, On a generalization of the ring theory, Osaka. J.Math., 1(1964),
81 - 89.

A. Rosenfeld, Fuzzy groups , J. Math. Anal. Appl. 35 (1971), 512-519.

M. K. Sen, On I'—semigroup, Proc. of Inter. Con. of Alg. and its Appl., Decker
Publication, New York, (1981), 301-308.

O. Steinfeld, Uher die quasi ideals, Von halbgruppend Publ. Math., Debrecen, 4
(1956), 262 275.

U. M. Swamy and K. L. N. Swamy, Fuzzy prime ideals of rings, Jour. Math.
Anal. Appl., 134 (1988), 94-103.

H. S. Vandiver, Note on a simple type of algebra in which cancellation law of
addition does not hold, Bull. Amer. Math. Soc.(N.S.), 40 (1934), 914-920.



62 Marapureddy Murali Krishna Rao

[63] L. A. Zadeh, Fuzzy sets, Information and Control 8 (1965), 338-353.
[54] L. A. Zadeh, The concept of a linguistic variable and its application to approxi-
mate reasoning, Inform. Sci. 8 (1975), 199-249.

Marapureddy Murali Krishna Rao

Department of Mathematics, University of GITAM SCHOOL OF TECHNOLOGY,
City Visakhapatnam, Country India

Email: mmarapureddy@gmail.com



	1. Introduction
	2. Preliminaries
	3.  Fuzzy soft bi-interior ideal 
	References

