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Abstract In this paper we introduce the notion of a d-zero-divisor of
a commutative semiring and we also study some of it properties. Here ¢ is
a mapping that assigns to each ideal I an ideal 6(I) of the same semiring.
We analyze possible structures of d-semidomain and relationships between
semirings that share some properties with J-semidomains, but whose defini-
tions are less restrictive. We also investigate §-primary ideals of a commu-
tative semiring R which unify prime ideals and primary ideals of R.
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1 Introduction

As a generalization of rings, the representation theory of semirings has
developed greatly in the recent years. The structure of semirings have proven
to be useful tools in various disciplines. They are used to test conjectures
by searching large lists for counterexamples, but also to find structures with
some specified properties, like e.g. some molecules for a given chemical
formula or networks with certain properties [9].

The study of the set of zero-divisor elements of a commutative ring can
often be a frustrating one. Almost immediately one runs into the ugly issue
of a profound lack of algebraic structure, highlighted by (typically) a lack
of closure under addition. This unfortunate lack of algebraic structure is
most disturbing in such an important subset within a ring. In recent years,
however, the study of zero divisors has been energized by a lovely collab-
oration with the tools and methods of graph theory. We are motivated in
this regard by the recent success of studies of the notion of domainlike com-
mutative rings in papers [2, 3, 7] because they are useful rings for studying
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factorization in commutative rings with zero-divisors. The factorization of
nonunits into atoms is a central theme in algebra. Classically the theory has
concentrated on integral domains. Much of this theory generalizes to the
case of rings with zero-divisors, but important differences remain (see [2, 3]).
Therefore, zero-divisor elements of a commutative ring (resp. a commuta-
tive semiring) are very important. One point of this paper is to introduce
d-zero-divisor element of a commutative semiring.

d-primary ideals of a commutative ring were introduced by Dongsheng in
[8], where § is a mapping with some additional properties. Such J-primary
ideals unify the prime and primary ideals under one frame. The aim of the
present paper, in Section 2, is to generalize the results in the paper [8], from
commutative ring theory to commutative semiring theory. In Section 3, we
introduce d-zero-divisor element of a commutative semiring, and we focus on
a class of semirings, representable by the property that every d-zero-divisor
of the semiring is d-nilpotent. In fact, we establish a connection between
d-semidomainlike semiring and d-semidomain (see Section 2 and Section 3).

For the sake of completeness, we state some definitions and notation used
throughout. By a commutative semiring, we mean a commutative semigroup
(R,-) and a commutative monoid (R, +,0) in which 0 is the additive identity
and r-0 =0-r = 0 for all » € R, both are being connected by ring-like
distributivity. In this paper, all semirings considered will be assumed to be
commutative semirings with non-zero identity. A semiring R is said to be a
semidomain if ab =0 (a,b € R), then either a =0 or b = 0.

Definition 1.1 Let R be a commutative semiring with non-zero identity.

(1) A subset I of R will be called an ideal if a,b € I and r € R implies
a+bel andracl.

(2) A subtractive ideal (= k-ideal) I is an ideal such that if x,z +y € I
then y € I (so {0} is a k-ideal of R).

(3) The k-closure cl(I) of I is defined by cl(I) = {a € R : a+c¢ =
d for some c,d € I} is an ideal of R satisfying I C cl(I) and cl(cl(I)) =
cl(I).

(4) If I is an ideal of R, then the radical of I, denoted by /1, is the set
of all x € R for which x™ € I for some positive integer n. This is an ideal
of R contains I.

(5) A prime ideal of R is a proper ideal I of R in which x € I ory e I
whenever xy € I. A proper ideal I of R is called primary if ab € I, then
aclorbeI.
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(6) A proper ideal I of R is said to be maximal (resp k-maximal) if for
any ideal J (resp. k-ideal) in R with I G J, one has that J = R.

(7) An ideal I of a semiring R is called a partitioning ideal (= Q-ideal) if
there exists a subset Q of R such that R = U{q+1 :q € Q} and if q1,q2 € Q,
then (¢1 +I) N (g2 + I) # 0 if and only if (1 = qo.

Let I be a Q-ideal of R and let R/I = {q+1 : ¢ € Q}. Then R/I forms a
semiring under the operations @ and © defined as follows: (¢1+1)®(qe+1) =
g3 + I, where g3 € @ is the unique element such that ¢ + g2+ 1 C g3+ 1
and (1 + 1) © (g2 + I) = q4 + I, where ¢4 € @Q is the unique element such
that q1q2 + I C q4 + I. This semiring R/I is called the quotient semiring of
R by I [1, 4].

2 Notation and basic structure

Let R be a commutative semiring with Id(R) its set of ideals, Idx(R)
its set of k-ideals, and Id,(R) its set of @Q-ideals. Since every Q-ideal is
a k-ideal, Idy(R) C Idx(R) C Id(R). Our starting point is the following
definition.

Definition 2.1 (1) An ideal expansion is a function § which assigns to each
ideal I of a semiring R another ideal 6(I) of the same semiring, such that
I Co(I), and J C L implies 6(J) C §(L) for all ideals I, J and L of R [8].

(2) A Q-ideal expansion is a function 6 which assigns to each Q-ideal I of
a semiring R another Q-ideal 6(I) of the same semiring, such that I C 6(1),
and J C L implies 6(J) C §(L) for all Q-ideals I, J and L of R.

Definition 2.2 Given an expansion § of ideals, a proper ideal I of a semir-
ing R is called §-primary if ab € I and a ¢ I, then b€ 6(I) [8].

It is clear that the definition of d-primary ideals can be also stated as:
Ifabe I and a ¢ 6(I), then b € I.

Remark 2.3 Let R be a commutative semiring.

(1) The identity function &y, where 6o(I) = I (resp. 64(1) = 1) for every
I € Id(R) (resp. for every I € Idy(R)), is an expansion of ideals. So an
ideal I is dp-primary (resp. 6g-primary) if and only if it is a prime ideal
(resp. it is a prime Q-ideal).

(2) For each I € 1d(R) (resp. for each I € 1dy(R)) define 5;(I) = V1
(resp. 6%(I) = \/I). Then &1 (resp. 6{) is an expansion of ideals. So an ideal
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I is §1-primary (resp. 81-primary) if and only if it is a primary ideal (Tesp.
it is a primary Q-ideal); hence the intersection of two §-primary ideals is
not §-primary, in general.

(3) For each I € Id(R) define d2(I) = cl(I), the k-closure of I. Then 09
s an expansion of ideals.

(4) The function 03 that assigns the biggest ideal of R to each ideal is an
expansion of ideals. So every ideal I is d3-primary.

(5) By [6, Theorem 1], if I is a proper Q-ideal of R , then there exists
a maximal k-ideal M of R such that I C M. Now for each proper Q-ideal
I, let §](I) be the intersections of all mazimal k-ideals containing I, and
03(R) = R. Then 67 is an expansion of Q-ideals.

(6) Let I be an ideal of R and set

I={rc€R:a+nx=(n+1)x for some positive integer n and a € I}.

Let v,y € I andr € R; so a+nx = (n+ 1)z and b+ my = (m + 1)y for
some positive integers m,n and a,b € I. Then a+ b+ (m +n)(zx +y) =
(m+n+1)(x+vy) and ra + n(rz) = (n + V)rx gives I is an ideal of R
with I C I. For each I € 1d(R) define 65(I) = I. Then 85 is an expasion of
tdeals.

(7) If § and v are two ideal expansions and 6(I) C y(I) for each ideal I,
then every d-primary ideal is also y-primary. In particular, a prime ideal is
d-primary for every §.

(8) An inspection will show that the intersection of any collection of ideal
expansions is an ideal expansion.

(9) Given an expansion § of ideals. Define Es : Id(R) — Id(R) by
Es(I)=(W{Je€ld(R): I C J, J is o0-primary }. Then Ej is an ideal
expansion. Clearly, Es, = 61, E5, = 01 and E5Z = 43.

The proof of the following proposition is straightforward, but we give
the details for convenience.

Proposition 2.4 Assume that R is a commutative semiring and let § be an
ideal expansion. Then the following hold:

(1) An ideal I is §-primary if and only if for any two ideals J and L, if
JLCI and J € I, then L C §(I).

(2) If I is 6-primary and T is a subset of R, then (I : T) = {r € R :
rT C I} is 6-primary. Moreover, if T is an ideal of R with T € 6(I), then
([:T)=1.

(3) If §(I) C VT for every §-primary ideal I, then §(I) = /T
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(4) if {I; : i € A} is a directed collection of §-primary ideals of R, then
I = Ujepl; is 6-primary.

Proof. (1) Suppose that I is a d-primary ideal and let J & I and L € 6(I).
Then we can chose x € J — I and y € L — §(I). By assumption, xy € I; so
either z € I or y € §(I) which is a contradiction. The other implication can
similarily be proved.

(2) Let 2y € (I : T) such that = ¢ (I : T'). Then there exists z € T" such
that xz ¢ I. Asaxyz € I and I C (I :T), I §-primary givesy € 6(I) C o(({ :
T)). Thus (I : T) is d-primary. Finally, it suffices to show that (I : T) C I.
Since T(I : T) C [ and T ¢ §(I), we must have (I : T) C I by (1), as
required.

(3) Let « € v/I. Then 2™ € I for some the least positive integer n. We
may assume that n > 1. Now 2" € I with 2"~ ! ¢ I gives € §(I), and so
we have equality.

(4) Let zy € I and = ¢ I. Then there exists a I; such that zy € I; with
x ¢ I;. Soy € §(I;); hence 6(1;) C o(I) gives y € §(I), as needed. O

Let R be a semiring. An ideal expansion ¢ is said to be intersection
preserving if 6(I N J) = §(I) N §(J) for all ideals I and J of R [8]. An
expansion 0 is said to be global if for any semiring homomorphism f : R —
R, 5(f~1(I)) = f~1(8(I)) for all ideal I of R [8]. It is clear that dy, §; and
03 are both intersection preserving and global. By an argument like that in
[8, Lemma 2.2, Lemma 2.4, Lemma 2.6 and Proposition 2.7], we have the
following proposition:

Proposition 2.5 Let R be a semiring. Then the following hold:

(1) The ideal expansion §; is intersection preserving.

(2) Assume that § is an intersection preserving ideal expansion and let
I, ..., I, be 6-primary ideals of R with §(1;) = 6(I;) for alli,j. Then N}, I;
s d-primary.

(8) If 6 is global and f : R — S is a surjective semiring homomorphism,
then an ideal I of R that contains ker(f) is 6-primary if and only if f(I) is
a -primary ideal of S.

3 Some basic properties of §-zero-divisors

Let R be a commutative semiring with an ideal expansion §. An element
x of R is called d-nilpotent if x € §({0}) [8]. The set of all d-nilpotent
elements of R is denoted by nils(R).
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Theorem 3.1 Let I be a QQ-deal of a semiring R with 69 a global expansion,
and let qo be the unique element in Q) such that qo + I is the zero in R/I.
Then the following hold:

(1) 69(D)/T = §"({qo +I}).

(2) I is 61-primary if and only if every zero-divisor of R/I is 01-nilpotent.

Proof. (1) Let v: R — R/I be the natural homomorphism of R onto R/I.
One can easily show that v '({go+1}) ={q@+a:ael} =g +I=1. As
84 is global, we have §9(I) = 09(v=*({qo + I})) = v (89({qo + I})); hence
U /T =v(39(1)) = v(v 1 (89({qo + I}))) = 69({qo + I}) since v is onto.

(2) Assume that [ is ¢%-primary and let ¢; + I is a zero-divisor of R/I.
Then there exists go+ I # g2+ I (so g2 ¢ I) such that (¢1 +1)© (g2 + 1) =
qo+ I, where qi1g2 +1 C qo+ 1 = I; hence q1g2 € I since [ is a k-ideal. Now
I is a 0%-primary gives q; € 09(I); so q1 + I € §9(1)/I = 6%({qo + I}) by
(1). Thus q; + I is §%-nilpotent. Conversely, let r = ¢+a,s =¢ +b € R
(where ¢,¢' € Q and a,b € I) with rs € I and r ¢ I (so ¢ ¢ I). Then
rs € I gives q¢ € I since I is a k-ideal. There exists ¢ € @ such that
(q+ D)o (@ +1)=t+1, where q¢ + 1 C ¢t + I, thus t € I. Therefore
go+ I =t+1I by [5, Lemma 2.3 (ii)]. It follows that ¢’ + I is a zero-divisor
of R/I;s0¢ +1€d§1{q+1})=2091I)/I. Then there exists u € §9(I) N Q
such that ¢ + I =u+1,s0 ¢ =u € §9(I). Thus b = ¢ + b € §9(I), as
required. O

Let I be a proper Q-ideal of a semiring R. We will now provide necessary
and sufficient conditions for ensuring the set of zero-divisors of R/I is an
ideal.

Theorem 3.2 Let I be a proper Q-ideal of a semiring R. Then I is 09-
primary if and only if Z(R/I) C{q+1:q€ QnNdi(I)} =461(1)/1.

Proof. Let gy be the unique element in @) such that gg + I is the zero in
R/I,andlet M ={q+1:qec QN I)}. Let ¢+ I be a non-zero element of
Z(R/I) (so q ¢ I since every @Q-ideal is a k-ideal). Then there exists ¢’ € Q
with ¢’ ¢ T such that (¢+ 1) ® (¢ + 1) = qo + I, where q¢/ + 1 C qo + I.
Since I is a k-ideal, ¢¢’ € I by [5, Lemma 2.3 (i)]; hence ¢ € 6(I) since I
is d%-primary. Therefore, Z(R/I) C M. Conversely, let a,b € R such that
ab € I with a ¢ I. Since I is a -ideal, there exist ¢; + I and g2+ I such that
a€q+Ilandbe g +1I;thusa=¢qi+c(soq ¢1I)andb=qgy+d for some
c,d € I. Then I is a k-ideal and ab = cqo + dg1 + c¢d + q1q2 gives q1q2 € 1.
Let g3 be the unique element in @ such that (¢1 + 1) ® (g2 + I) = g3 + I,
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where g1g2 + I C g3 + I; hence g3 € I. Now by [5, Lemma 2.3 (ii)], g3 = qo,
so g2 +1 € Z(R/I), and therefore g2 € 69(I). Thus b = g2 + d € §9(I) since
it is a k-ideal. Thus [ is §%-primary. O

Theorem 3.3 Let I be a proper Q-ideal of a semiring R. Then the following
hold:

(1) I is 8{-primary if and only if Z(R/I) = {q¢+1:q€ Qndi()} =
SI(I)/1.

(2) If I is a 8-primary ideal of R, then Z(R/I) is an ideal of R/I.

Proof. (1) By Theorem 3.2, it is sufficient to show that M = {g+1:q €
QNSYI)} € Z(R/I). Let s+1 € M, where s € QN&¥(I). Since 6{(I) = V1,
there exists n which is the least positive integer n with s € I. If n = 1, then
s+1=gqo+ 1€ Z(R/I) by [5, Lemma 2.3 (ii)]. If n > 1, then ss"~! € I
with s"~! ¢ I. As I is a Q-ideal, s" ! =t+a for somet € Q—I and a € I,
and so ss" "' = st + sa; thus st € I since I is a k-ideal. Let u be the unique
element in @ such that (s+1)® (t+ 1) =u+ I, where st +1 C u+ I; so
u € I. Now by [5, Lemma 2.3 (ii)], u = qo; hence s+ I € Z(R/I), we have
equality.

(2) Let go be the unique element in @ such that gy + I is the zero in R/I,
and let t; + I, to+ 1 € Z(R/I), z+ I € R/I, where t1,to € Q N 6{(I) and
z € Q. Then there exists u; € Q — I such that (t1 +1)© (uy + 1) = qo + I,
where tiu1 + I C qo + I; so tyuy € I with ug ¢ I. It follows that t1 € §(I).
Similarly, to € 67(I). Thus t; + t2 € §7(I). There exists n which is the least
positive integer n with (t; +t2)™ € I. Let g be the unique element in @ such
that (t1+1)® (to+ 1) =q+ I, where t; +ta+1 C g+ 1. If n =1, then
t1 +t2 € I;80 g € I CHI(I). If n > 1, then (t1 + t2)(t1 +t2)" 1 € I with
(t1+t2)" 1 ¢ I. AsTisa Q-ideal, (t;+1t2))" ! = t4a for somet € Q—1I and
a € I, and so (t; +t2)(t1 +t2)"_1 = t(t1 +t2) +a(ty —l—tg); thus t(t; +t2) € 1
since I is a k-ideal; hence t(t1 +t2)+1 C tq+1I gives tq € I with ¢t ¢ I. Thus
q € 01(I) since I is a 6{-primary. Therefore, (t; + I) ® (t2 + 1) € Z(R/I).
Similarly, (t1 +1) ® (z+ 1) € Z(R/I), and this completes the proof. O

Corollary 3.4 Let I be a proper ideal of a ring R. Then the following hold:
(1) If 6 is an ideal expansion, then I is d-primary if and only if Z(R/I) C
{r+1:redé)}=46()/I.
(2) I is 61-primary if and only if Z(R/I) ={r+1:r € d:(I)} = 6(1)/I.
(3) If I is a 61-primary ideal of R, then Z(R/I) is an ideal of R/I.

Proof. Apply Theorem 3.3 and Theorem 3.2. O
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Definition 3.5 (1) Let R be a semiring with an ideal expansion §. A 6-
zero-divisors in R is an element x € R for which there exists y € R with
y & 6({0}) such that zy € 6({0}).

(2) Let R be a ring with an ideal expansion 6. A 0-zero-divisors in R is
an element x € R for which there exists y € R with y ¢ 6({0}) such that

xy € 6({0}).

Clearly, dg-zero-divisor elements are exactly the ordinary zero-divisor
elements. The set of d-zero-divisors in R will be denoted by Zs(R).

Proposition 3.6 Assume that R is a semiring with non-zero identity, and
let § be an ideal expansion such that 5({0}) # R. Then the following hold:
(1) nils(R) is an ideal of R with nils(R) C Zs(R).
(2) If Zs(R) is an ideal of R, then Zs(R) is §-primary.

Proof. (1) Let z,y € nils(R) and r € R. Then x,y € §({0}), so x +y,rz €
5({0}) since 6({0}) is an ideal of R; hence x + y, ra € nils(R). Thus nils(R)
is an ideal. Finally, let a € nils(R). Since a = algr € 6({0}) and 1 ¢ 6({0}),
we have a € Z5(R), as needed.

(2) Let 2,y € R be such that zy € Zs(R). Then there exists z € R
such that z ¢ 6({0}) and zyz € §({0}). Therefore, if yz € §({0}), then
y € Zs(R). If yz ¢ 6({0}), then x € Zs(R). Thus Zs(R) is a d-primary ideal
of R. O

Theorem 3.7 Let I be a Q-ideal of a semiring R with §9 a global expansion.
Then 64(I) is 84-primary if and only if Zs(R/I) C 6%({qo + I})

Proof. Let gy be the unique element in @) such that gg + I is the zero in
R/I, and let ¢ + I be an element of Zs(R/I). Then there exists ¢ € Q with
qd+1¢0{q+1}) (soq ¢ 06%I)) such that (¢+ 1) (¢ +I)=q+1¢€
89({qo+1}) =69(1)/1, where q¢'+1 C q1+1 and ¢; € QNd4(I). Since §9(1)
is a k-ideal, q¢’ € §9(I) ; hence g € 6%(I) since §9(I) is §¢-primary and 67 is
a global expansion. Therefore, Z(R/I) C §9(1)/I. Conversely, let a,b € R
such that ab € §9(I) with a ¢ 09(I). Since I is a Q-ideal, there exist q; + I
and go + I such that a € g1+ 1 and b € g+ I; thus a = g1 +¢ (so 1 ¢ 0(I);
hence q1+1 ¢ 64(I)/1 = 69({qo+1})) and b = go+d for some ¢, d € I C §4(I).
Then 69(1) is a k-ideal and ab = cq2 + dq1 + cd + q1¢2 gives qiq2 € §9(I). Let
g3 be the unique element in @ such that (¢ + I) ® (g2 + I) = q3 + I, where
q192 + I C g3 + I; hence g3 € 09(I). It follows that g3 + I € 0%({qo + I}),
and so g2 + I € Zs(R/I), and therefore ga € 09(I). Hence b = g2 +d € §9(1)
since it is a k-ideal. Thus §9([) is d%-primary. O
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Corollary 3.8 Let I be an ideal of a ring R with 6 a global expansion. Then
0(I) is 6-primary if and only if Zs(R/I) C 6({I}).

Proof. Apply Theorem 3.7. O

Definition 3.9 (1) A semiring R with an ideal expansion ¢ is called 6-
semidomainlike semiring, if Zs(R) C nils(R).

(2) A ring R with an ideal expansion ¢ is called d-domainlike ring, if
Z5(R) C nils(R).

Note that some of the expansion ideals satisfy the property 6(6(1)) =
0(I) for every ideal I of a semiring R, say &g, d1 and 0.

Theorem 3.10 Let R be a semiring with an ideal expansion & such that
d(6(1)) = 0(I) for every ideal I of R. Then the following hold:
(1) 6({0}) is a d-primary ideal of R if and only if Zs(R) = nils(R). In
particular, if 6({0}) is §-primary, then Zs(R) is a §-primary ideal of R.
(2) 6({0}) is 0-primary if and only if R is §-semidomainlike semiring.
(3) If R is 0-semidomainlike semiring, then Zs(R) is the unique minimal
d-primary ideal of R.

Proof. (1) Let 6({0}) be a é-primary ideal of R. By Proposition 3.6, it is
sufficient to show that Zs(R) C nils(R). Let x € Zs(R). Then zy € 6({0})
for some y ¢ 6({0}). Since 6({0}) is a d-primary, y € 6(6({0})) = 4({0}),
and so we have equality. Conversely, let a,b € R such that ab € §({0}) but
b ¢ 6({0}). Then a € Zs(R) = nils(R). So §({0}) must be a J-primary ideal
of R. (2) follows from (1). To prove (3), as Zs(R) = nils(R) by (1), we have
that Zs(R) is a d-primary ideal of R since §({0}) is d-primary. Now if J is
a d-primary ideal, then Z5(R) = nils(R) C J, as required. O

Definition 3.11 (1) A commutative semiring R with an ideal expansion o
is called a 0-semidomain if ab € 6({0}) (a,b € R), then either a € 6({0}) or
bed({0}).

(2) A commutative ring R with an ideal expansion § is called §-domain
if ab € §({0}) (a,b € R), then either a € 6({0}) or b € §({0}).

A classical result of commutative semiring theory is that a @-ideal I

is prime if and only if R/I is a semidomain (see [5, Theorem 2.6]). The
following theorem is a corresponding result for 6?-semidomainlike semirings.
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Theorem 3.12 Let I be a Q-ideal of a semiring R with 69 a global ex-
pansion such that §9(69(1)) = d9(I) for every ideal I of R. If 0%(I) is
0l-primary, then R/I is a §1-semidomainlike semiring if and only if R/1 is
d9-semidomain.

Proof. Assume that ¢ is the unique element in ) such that qg + I is the
zero in R/I and let R/I be a d?-semidomainlike semiring; we show that R/I
is 0-semidomain. Let (¢1 +1)® (¢ +1) = g3+ 1 € 69({0}) = 0%9(I)/I, where
qG1q2+1 C g3+ 1 and g3 € QNdI(I), so qiqa € 09(1) since §%(1) is a k-ideal.
Now 09(I) is a §9-primary gives either ¢; € 09(I) or g2 € §9(04(1)) = 09(1);
hence g1 +1 € 0%(1)/I or go+1 € 09(1)/I. Conversely, by Proposition 3.5, it
is sufficient to show that Zs(R/I) C nils(R/I). Let t + I € Zs(R/I). Then
there exists u+ I € R/I with u+ I ¢ §9({0}) such that (t +1)® (u+1I) €
d4({0}). Now R/I is a §%-semidomain, one has that ¢ + I € nils(R/I). Thus
R/I is a §%-semidomainlike semiring. O

Corollary 3.13 Let I be an ideal of a ring R with § a global expansion such
that 6(6(1)) = 0(I) for every ideal I of R. If 6(I) is d-primary, then R/I is
a 0-domainlike ring if and only if R/I is 0-domain.

Proof. Apply Theorem 3.12. 0O
Acknowledgements. The authors are grateful to the referee for sug-
gesting ways to make this paper more readable.

References

[1] P. Allen, Ideal theory in semirings, Dissertation, Texas Christian
University, 1967.

[2] D. D. Anderson, M. Axtell, S. J. Forman, J. Stickles, When are
associates unit multiples, Rocky Mountain J. of Math. 16 (2004),
462-479.

[3] D.D. Anderson, S. Valdes-Leon, Factorization in commutative rings
with zero divisors, Rocky Mountain J. of Math. 26 (1996), 439-480.

[4] S. Ebrahimi Atani, The ideal theory in quotients of commutative
semirings Glasnik Matematicki 42 (2007), 301-308.

[5] S. Ebrahimi Atani, The zero-divisor graph with respect to ideals of
a commutative semirings Glasnik Matematicki 43 (2008), 309-320.

80


Galaxy
Text Box
80


ROMANIAN JOURNAL OF MATHEMATICS AND COMPUTER SCIENCE, 2013, VOLUME 3, ISSUE 1, p.71-81

[6] R. Ebrahimi Atani and S. Ebrahimi Atani, Ideal theory in commu-
tative semirings, Bul. Acad. Stiinte Repub. Mold. Mat 57 (2008),
14-23.

[7] M. Axtell, S. J. Forman, J. Stickles, Properties of domainlike rings,
Tamkang J. of Math. 40 (2009), 151-164.

[8] Z. Dongsheng, d-primary ideals of commutative rings, Kyungpook
Math. J. 41 (2001), 17-22.

[9] J. S. Golan, Semirings and their Applications, Kluwer Academic
Publishers, Dordrecht, 1999.

81


Galaxy
Text Box
81


	Text2: ROMANIAN JOURNAL OF MATHEMATICS AND COMPUTER SCIENCE, 2013, VOLUME 3, ISSUE 1, p.71-81


