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Abstract

This paper introduces the concepts of reproduced general

hyperring and valued-orderable general hyperring and in-
vestigates some properties of these classes of general hy-
perrings. It presents the notions of zero divisors and zero
divisor graphs, which are founded on the absorbing ele-
ments of general hyperrings. General hyperrings can have
more than one zeroing element, and therefore, based on
the zeroing elements, multiple zero divisors can be ob-
tained. In this study, we discuss the isomorphism of zero
divisor graphs based on the diversity of divisors of zero
divisors. The non-empty intersection of the set of ab-
sorbing elements and the hyperproduct of zero divisors
of general hyperrings play a significant role in producing
zero divisor graphs. Indeed it investigated a type classi-
fication of zero divisor graphs based on the finite general
hyperrings. We discuss the finite reproduced general hy-
perrings, investigate their zero divisor graphs, and show
that an infinite reproduced general hyperring can have a
finite zero divisor graph.
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1 Introduction

The theory of Krasner hyperring as a generalization of the ring is a hyperstructure introduced
by Krasner as a hyperstructure endowed with a hyperaddition and a multiplication operation
that is distributive over the hyperaddition. Superring, another hyperstructure was introduced by
Mittas having both additive and multiplicative hyperstructures in 1973 [16]. Later on, Vougiouklis
[22] generalized the concept of superrings, introducing the hyperrings in the general sense, where
addition and multiplication are hyperoperations but only the weak version of distributivity. The
theory of general hyperrings is vital in real-world problems because it relates to the set of objects
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in different clustering via the systematic hyperoperations[I0]. The combination of graphs and rings
was interesting for many researchers and investigated. In mathematics, and more specifically in
combinatorial commutative algebra, a zero-divisor graph is an undirected graph representing the
zero-divisors of a commutative ring. It has elements of the ring as its vertices and pairs of elements
whose product is zero as its edges. Let R be a commutative ring with 1, and let Z(R) be its set of
zero-divisors. It is associated a simple graph I'(R) to R with vertices Z*(R) = Z(R) \ {0}, the set
of nonzero zero-divisors of R, and for distinct =,y € Z*(R), the vertices z and y are adjacent if and
only if zy = 0. The idea of a zero-divisor graph of a commutative ring was introduced by 1. Beck
in [6], where he was mainly interested in colourings, and this idea in a commutative ring was then
continued by D. D. Anderson and M. Naseer in [7]. Later, some researchers investigated the zero
divisor graphs based on the ring structures, especially zero divisor graphs based on ideals in rings,
and gave important results in this regard. Some updated papers with titled graph of the ring based
on the zero divisors published in several versions such as the n-zero divisor graph of a commutative
semigroup[5], zero-one laws for random k-partite graphs [I7], graphs derived from multirings [13],
the distant graph of the projective line over a finite ring with unity [9], spectra and topological
indices of comaximal graph of Z, [§], on derivable tree [12], on the extended zero-divisor graph
of strictly partial transformation semigroup [14], the Cayley graph of Neumann subgroups [15],
zero-divisor graph of a ring with respect to an automorphism [I8], frequency assignment model of
zero divisor graph [19], implementation of single-valued neutrosophic soft hypergraphs on human
nervous system [3], intuitionistic fuzzy hypergraphs with applications [2], intuitionistic fuzzy left
k-ideals of semirings [I] and the Wiener index of the zero-divisor graph of a finite commutative ring
with unity [21]. Hamidi et al. introduced the graphs based on the hyperideal of special hyperrings
as an extension of graphs based on the ideals of rings. Indeed, they presented graphs based on
an ideal of rings to intersection graphs based on the hyperideal of hyperrings for modelling real
problems by absorbent elements of hyperrings [11].

Motivation and Advantage: In algebraic structures such as groups and rings, only two
elements can be connected to one element under one or more operations at a time. However, if we
want to connect two elements with more than one element simultaneously, it is necessary to extend
this theory to hyperstructures such as hypergroups or hyperrings. In algebraic hyperstructures,
regardless of the number of hyperoperations, we can have a more comprehensive relationship
between elements, and this is an essential advantage in modeling data in the real world. On
the other hand, graph theory has great importance and application in the real world and all
sciences, and the extraction of graphs from regular structures adds to the importance of these
sciences. Due to the limitation of the theory of rings in the simultaneous connection of more
than three elements and its development to the theory of hyperrings, our motivation in extracting
graphs has been created in this research. In mathematical modeling, we first convert the existing
data into a rule-mod system such as general hyperrings so that there are no restrictions on the
relationship of elements, and we extract graphs according to general hyperrings. Few works have
been done in extracting graphs based on hyperrings, and in this research, we are dealing with
graphs with zero-divisors based on general hyperrings. One of the most important advantages of
this research is that the general hyperrings of our context are general, and there is no limit on
the number of zeros of general hyperrings, which is more consistent with the reality of our world.
Since a general hyperring can have more than one zero-divisor, we can have a variety of graphs
with a zero-divisor base and even deal with the relationship between these types of graphs. In
fact, for both distinct zeros in general hyperrings, we have two types of graphs with a divisible
base of zeros, and considering the relationship between these two distinct zeros, we can discuss
the relationship between their graphs. Another advantage of this research in the type of graphs
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with zero divisors is that in the case of limiting general hyperrings to other hyperrings and even
rings, the same results are obtained. The aim of this research is the bring forward graphs based
on zero divisors from rings to special hyperrings, as a generalized problem in hyperstructures
and graphs. We have received our primary motivation for this work from problems related to
graphs and algebraic structures, such as zero divisor graph based on the group, graph derived
from modules, and extracted graph from ring structures. Therefore, in line with this goal, the
absorbing elements concerning hyperstructures equipping hyperoperations, are considered and the
properties of zero divisors via absorbing elements in general hyperrings are analyzed. We show
that for any given general hyperring, we can construct some (non) isomorphic zero divisor graphs
via the zero divisors that are related to hyperadditive absorbing elements. Also presented is an
infinite general hyperring such that its zero divisor graph is finite. Also, we inset a class of finite
hyperrings and analyzed their zero divisor graphs concerning divisors of the order of their elements.
We proved that for any given infinite general hyperrings, under special conditions, such as the type
of its hyperoperations or the type of zeroing elements, finite or infinite graphs can be extracted,
and these graphs can be complete, Eulerian, multipartite, or have any other special characteristics.

2 Preliminaries

In this section, we introduce the important and preliminary materials and concepts that we need
in our research from [4} 10} 20].

A simple graph G is a finite non-empty set V' of objects called vertices (the singular is vertex)
together with a set E of 2-element subsets of V called edges and is showed with G = (V = V(G) =
{vi}}-1, E = E(G) ={e;}";). Two vertices u,v € V of a graph G are adjacent if there is an edge
e = {u,v} joining them and a simple graph in which each pair of distinct vertices are adjacent
is a complete graph and denote the complete graph on n vertices by K,. A path in G is a finite
distinct sequence of vertices and edges of the form xg, e1,z1,e2,x2,...,Tn_1, €n, Ty and it is called
a cycle, if g = x,. A graph is connected if and only if there is a path between each pair of
vertices and is a bipartite graph if and only if each cycle of G has an even length. A graph is called
disconnected, if it is not connected and the number of connected components of graph G is denoted
by ¢(G). For the simple graph G and z,y € V(G), d(x,y) is defined as the length of a shortest
path from z to y in G (d(z,x) = 0 and d(x,y) = oo if there is no such path). The diameter of G
is diam(G) = sup{d(z,y) | = and y are vertices of G } and the girth of G, denoted by gr(G), is
the length of a shortest cycle in G (gr(G) = oo if G contains no cycles). Two graphs G and H are
isomorphic (have the same structure) if there exists a bijective function ¢ : V(G) — V(H) such
that two vertices v and v are adjacent in G if and only if p(u) and p(v) are adjacent in H. The
function ¢ is then called an isomorphism and G and H are isomorphic, we write G =2 H.

Let R be a non-empty set and P*(R) = {S | 0 # S C R}. Every map ¢ : R Xx R — P*(R),
has been named as a hyperoperation, a hyperstructure (R, ) is called a hypergroupoid and for all
non-empty subsets A, B of R, ¢(A, B) = U (p(a,b))(we identified the set {z} with to z, so

a€AbeB

o(z,B) = p({z}, B), where z € R). A hypergroupoid (R, ¢) is called a semihypergroup, if for
all z,y,z € R,p(e(x,y),2) = ¢(x,p(y,2)) and a semihypergroup (R, ) is called a hypergroup,
if for all z € R,¢(x,R) = ¢(R,x) = R(reproduction aziom). A hypergroup (R, p,0) is called
commutative, if for any =,y € R,p(x,y) = ©(y,z). A general hyperring is a hyperstructure
(R, ¢,0), where

(i) (R, ) is a hypergroup,

(74) (R, 6) is a semihypergroup and
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(11) for any 2,9, > € R, 0(z, 9(y, 2)) C 9(0(x, ), 6(,2)) and 0((x,y), 2) € 9 (6(z, 2), 6(y, 2)).
A general hyperring (R, ¢, 0) is called commutative (with unit element), if for all z,y € R, 0(x,y) =
0(y, ) (if there exists an element 1 € R in such a way that for all z € R,0(1,z) = 6(z,1) = {z}).
A non-empty subset I of R is called a (right)left hyperideal, if (1)(I, ) is a subhypergroup of (R, ¢)
and (2)(0(R,I) CI)(0(R,I) C I. A hyperideal I is both a left and right hyperideal.

From now on, we use the symbols @ and ® instead of the symbols ¢ and 0, respectively as
hyperaddition and hypermultiplication(p(x,y) = ®(z,y) =z ® y and §(z,y) = O(z,y) = O y).

Theorem 2.1. [4] Assume p # 2 is a prime number. Then (Zyp,+,-) is a (B, ®)-reproduced general
hyperring.

3 Graphs based on general hyperrings

In this section, we consider an arbitrary general hyperring and introduce the concepts of zero
divisor elements and zero divisor graph based on zero divisor elements via the absorbing elements.
Also, we prove the conditions of how two zero divisor graphs are isomorphic.

Definition 3.1. Let (R,+,-) be a ring. Then R is said to be a (&, ®)-reproduced general hyperring
(reproduced genmeral hyperring), if there are hyperoperations “®” and “©”, that (R,®,®) is a
general hyperring and @,® are dependent to + and -, respectively (it means that for any z,y €
Rr+ycxdyandx-ycx@y).

In [4], Hamidi et al. constructed a type of general hyperring as the following theorem.

Theorem 3.2. Let (R,+,0,:) be a ring and | R |> 2. Then (R,+,0,-) is a (®,®)-reproduced
general hyperring, where ®(x,y) = {z,y,z +y} and © (z,y) = {z-y,0}.

Corollary 3.3. Any ring is a reproduced general hyperring.

Definition 3.4. Let (R,®,®) be a general hyperring. We say that
(i) a € R is a (®)-absorbing element of R, if for allr € R,r € &(a, ) NB(r,a);
(ii) « € R is a (®)-absorbing element of R, if for allr € R, a € ®(a, ) N O(r, a);

(iii) @ € R is an absorbing element of R, if it is both (®)-absorbing element and (®)-absorbing
element of R.

From now on, we set the all (®)-absorbing elements of R by OE;L.EB), all (®)-absorbing elements of

R by O](R@) and absorbing elements of general hyperring R by Og. It is clear that O = O%@) ﬂ(’)g%@).

Definition 3.5. Assume (R, ®,®) is a general hyperring and o € O%@). Then

(i) an element x € R\ {a} is called a zero divisor, if there exists y € R\ {a} such that a € xOy
and o € y © x. We will denote the set of all zero divisors by Z\*)(R).

(ii) The zero divisor graph is a simple graph G (R) = (V = V(Z(®)(R)\ {a}), E = E(G®(R))
in such a way that for any given distinct z,y € Z(®(R) \ {a}, the vertices x and y are
adjacent if and only if (95%@) NO(z,y) NO(y,x) # 0.

Let (R,®,®) be a general hyperring. If (’)SB) = (), then G(®)(R) is not defined, so on all the

following general hyperrings R, OSB) # (). In the following, we present some examples for clarifying
the definition of zero divisor graph of general hyperrings.
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@ |2 4 6 8 10 ®[2 46 8 10
2 |2 {24} {2,6] {82} {210} 2 (4 2 4 2 4
4 | {2,4} 4 {4,6} {8,4} {4,10} 412 4 2 4 2
6 |{2,6} {46} 2 {8,6} {6,10} 6 (4 2 4 2 4
8 {82} {84} {86} 4 {8,10} 8 (2 4 2 4 2
10 | {2,10} {4,10} {6,10} {8,10} 2 1004 2 4 2 4

Table 1: Hypergroups (R, ®), (R, ®) and general hyperring (R, ®,®).

Example 3.6. Let R = {2,4,6,8,10}. Then (R,®,®) is a general hyperring in Table . Clearly,
O%@) = {2,4} and for any o € (’)g%@), Z@(R)\ {a} = R\ {a}. Hence GP(R) =2 GW(R) = K,
are shown in Figure[1]

] 10 3 10

(a) (b)
G (R) GW(R)

Figure 1: Zero divisor graphs G®(R) and G¥)(R)

Let m € N and (R, ®,®) be a general hyperring. Define for all z € R,1z = {z},mz =

®(z,...,v), 2t = {z} and 2™ = O(z,...,1).
SN—— SN——
m—times m—times

Theorem 3.7. Let (R,®,®) be a general hyperring and o € O( )
(i) If Z(R)\ {a} # 0, then |2 (R)\ {a}] > 2.
(ii) If (R,®) is a commutative hypergroup and o ¢ O(Q), then | Z((R)\ {a} |> 2.

Proof. (i) Let x € Z(®(R) \ {a} Then there exists y 6 R\ {a} in such a way that o € ©(z,y) N
O(y, x). It follows that y € Z(®)(R) \ {a} and so | Z(¥V(R) \ {a} |> 2.

(ii) Let @ € R. Since a ¢ 09 there exists a, b € R\{a} in such a way that o € ®(a, b)N®(b, a),
because of reproduction axiom and commutativity of hypergroup R. It follows that Z(®)(R)\{a} #
0, and so by item (i), {a,b} C Z(®(R)\ {a}.

Example 3.8. Let R = {0, 1,2,3,4,5}. Then by Theorem|[3.9, (R, ®, @) is a general hyperrmg as
Tablely Clearly, O = R, ZO(R)\ {0} = R\{0}, Z0(R)\{1} = ZO(R)\ {3} = ZO(R)\ {5} =
0, Z2(R)\ {2} = {4 5} and 704 J(R)\ {4} = {2,5}. Hence,

GO(R) = GO (R) = K5,GP(R) = GW(R) = K. We see that (R,®) is not a hypergroup
based on the Tablelé/ and OE%Q) = {0}, while | ZO(R)\ {0} |=| R | —=1. It shows that the converse
of Theorem [3.7, is not necessarily true.

Definition 3.9. Let n € N, (H,®,®) be a hyperring and o € (’)@). We will call
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® 10 1 2 3 4 5 olo 1 2 3 4 5
o (02 (e (Laay (s (150) tlo o1 (0.3 {03 (0.4
1]{0,1} {1,2 1,23} {1,3.4} {1,4.5} {1,5,0 A

2| {02) {129} [21) (235 (240 {251) 2o {02 iog o Do 4.
4 1{0,4} {1,4,5} {0,2,4} {1,3,4} {4,2}  {4,5,3} 410 {04} {0,2} 0 4,01 {0,2}
5 1{0,5} {1,5,0} {1,2,5} {5,3,2} {5,4,3} {5,4} 5 10 {5:0} {0:4} {0,3} {0,2} 0 '
Table 2:

(R, ®) Table 3: (R, ®)

Table 4: Hypergroups (R, ®), (R,®) and general hyperring (R, ®, ®) of order 6.

(i) z € R is an («, 2)-orderable, if a € 22

(i) (H,®,®) is a locally (e, 2)-orderable, if has some (o, 2)-orderable elements and is an (o, 2)-
orderable, if all its elements are («,2)-orderable elements,

(iii) (H,®,®) is free of (a,2)-orderable, if it is not a locally (o, 2)-orderable hyperring.

Example 3.10. (i) Consider the hyperring (R,®,®) in Table [{ One can see that (R,®,®)
is a (0,2)-orderable, while it is a locally (1,2)-orderable, a locally (3,2)-orderable and a locally
(4, 2)-orderable.

(ii) Consider the hyperring (R,®,®) in Table [13 One can see that (R,®,®) is a (0,2)-
orderable, while it is a locally (1,2)-orderable and a locally (4,2)-orderable.

Theorem 3.11. Let (R,®,®) be a finite general hyperring, O%@) =R and a € (95_—5@) \(95%6).

(i) If (R, ®) is a commutative hypergroup and (R, ®,®) is an (a,2)-orderable, then |Z(®(R) \
{a}| = [R| - 1.

(ii) If (R,®) is a commutative hypergroup and (R,®,®) is free of (a,2)-orderable, then G(®)(R)
is a connected graph.

Proof. (i) Since O%@) =R,ac€ O%@)\Og) and (R, ®) is a finite commutative hypergroup, applying
Theorem (i), for all @ € R, there exists z € R in such a way that = € Z(®(R)\ {a}. Since
(R,®) is a finite commutative (o, 2)-orderable, for any z € R\ {a}, 22> N Z@(R)\ {a} # 0. It
follows that |Z(®)(R) \ {a}| = |R| — 1.

(ii) Using Theorem | Z()(R) \ {a} |> 2. Since (R, ®,®) is free of (a, 2)-orderable, for all
r € H,a ¢ 22 Tt follows that there exist y # z € R\ {x} such that a € ®(y, z2) N®(z,y) and so x
is adjacent with other vertices and so G(®(R) is a connected graph. O

Theorem 3.12. Let (R,®,®) be a finite general hyperring. If (R, ®,®) is locally (c, 2)-orderable
and |Z @ (R) \ {a}| is an odd, then G'®)(R) is a disconnected graph.

Proof. Let Z()(R)\ {a} = {z1,2,...,2,}, which n is an odd. Since (R, ®,®) is locally (a,2)-
orderable, there exists a unique 1 < j < n such that o € :EJQ It follows that for any 1 < j # k < n,
x; is not adjacent with z; and so G (R) is a disconnected graph. O

In what follows, for any £ < n € N, the number of combinations of k objects from n objects

is denoted by (Z) and for any r € R, the ceiling function of r by [r] and the floor function of r
by |r].
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Theorem 3.13. Let (R, ®,®) be a commutative general hyperring, o € O%@) and | Z©W(R)\{a} |=
n. If (R,®,®) is free of (o, 2)-orderable, then

(i) | E(G(R)) 1= [5].
(ii) Forn >3 is an odd, then there exists x € R in such a way that deg(x) > 2.

Proof. (i) Let Z(®(R)\ {a} = {x1,x2,...,2,}. Then for any 1 < i < n, there exists at least 1 <
J < ninsuch a way that j # i and a € ©(z4, 2;) O (24, ;) and so @(xi,:cj)ﬂ(a(xi,xj)ﬂ(’)g%@) # 0,
because a € (’)SB) and (R, ®, ®) is free of (o, 2)-orderable. It follows that there exists [ 4| numbers
of edges as {z;,x;} in such a way that {z;,z;} € B(G®(R)).

(ii) Let n € N be an odd and Z(®(R)\ {a} = {1, 22, ...,2,}. In a similar way of item (i), for
any 1 < j < n, there exists at least 1 <i < ninsuchaway that j # i and o € ©(z;, ;) NO(z4, ;)

and so O(z;, ;) NO(z;, azj) ﬂO 75 §. Since for all z; € Z(@(R)\{a}, a & 27, there exists at least
distinct @, zj, v € Z@(R )\{a} in such a way that a € ©(z;, ;) NO(xi, ;) NO(z4, o) NO(xk, T5)
and so deg(x;) > 2. O

Definition 3.14. Let (R,®,®) be a general hyperring and ) # A C R. Then we say R is a
A-general hyperring, if for dll x,y € R,z Oy=y Oz = A.

Theorem 3.15. Let (R, ®,®) be a finite A-general hyperring and o € A C Og%@)' Then

() ZO®)\ {a} = R\ {a},
(i) | BE(C@(R)) |= (’R"l),

(i) G(R) = Kp_,.

Proof. (i) Let x € R. Then x € Z(®)(R) \ {a} if and only if z #  and there exists @ # y € R in
such a way that ©(z,y) N ©(y,z) N OJ(QEB # (). Thus z € Z(®)(R) \ {a} if and only if z € R\ {a},
because of ®(x,y) N O(y,z) N OJ(R@) =ANAN (’)g%@) =A#0.

(ii) Let R ={x1,x9,...,pn-1,2n} and A = {z1,2z9,... 2p} C O(@) Applying the item (i), for
any 1 < i <m, Z@®)(R)\{z;} = R\{xz;}. Then forany 1 < k < n, there exists at least 1 < j < mnin
such a way that i # k and x; € ©(zk, x;)NO(x}, 1) and so @(mk, z;)NO(z5, l'k)ﬂ(')g%@) # (), because
(R, ®,®) is a A-general hyperring. Thus, for all 2;, z; € Z(®) (R)\{a},® (xi,xj)ﬁ(D(a:i,xj)ﬂO%@) #

0. It follows that E(G(®)(R)) = (R\ {z;}) x (R\ {2;}) and so | E(G(®(R)) |= <|R’2_ 1>.
(iii) It is clear by item (ii).

Example 3.16. Let R = {1,3,5,7,9}. Then (R,®,®) is a A- geneml hyperring, where A = {1, 3}

in Table @ Clearly, (’)( )= R and for any o € (’)(69 \{5 7,9}, Z@W(R)\ {a} = R\ {a}. Hence
GV(R) = GOI(R) = K4, where is shown in Fzgure

Theorem 3.17. Let (R,®,®) be a finite A-general hyperring and o, € A C ng@). Then
G@(R) =~ GP(R).

Proof. Let a,8 € A C (’)1(,%@). Then | 0\®) |> 2 and there exist z,y € R in such a way that
o€ ®(B,z) and f € ®(a, ) and so B € ZYW(R)\ {a},8 € Z(R)\ {a}. In addition there exist
z,w,? ,w' € R in such a way that a € ®(z,w) and 8 € ®(2',w’), since (R, ®) is a commutative
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1 3 5 7 9

1 {1,3t {1,5} {7,1} {1,9}
{1,3} 3 (3,5} {7,3} {3,9}
(1,5} 13,5} 5 (7,5} {5,9}°
(11} {73} {15} 7 {79} 1,3} {1,3} {1,3} {1,3} {13}
(1,9} {3,9} {59} {7,9} 9 (1,3} {13} {1,3} {13} {13

Table 5: Hypergroups (R, ®), (R,®) and A-general hyperring (R, ®, ®).

1 3 5 7 9

{1,3} {1,3} {1,3} {1,3} {1,3}
{1,3p {1,3} {1,3} {13} {1,3}
{1,3} {1,3} {1,3} {1,3} {1,3}

CO\ICHQD}—‘@
@\IO‘!C\D}—‘@

3

7 7
(a) (b)
GU(R) G®)(R)

Figure 2: Zero divisor graphs of (R, ®,®).

hypergroup. It follows that (Z)(R)\{a})\ (2 (R)\{8}) = {8} and (ZP)(R)\{B})\ (2 (R)\

T
{a}) = {a}. Now, define amap f : Z@(R)\{a} — ZBO(R)\{B} by f(z) = {O‘ Tf v D g . Using
x ifx
Theorem f is a bijection, because a and [ are’t adjacent, we get that f is a homomorphism
and so G (R) = GP)(R). O

Theorem 3.18. Let (R, ®,®) be a finite commutative general hyperring and o, € (’)1(,%@). If for
dlzeRroa=1208=0% then GO (R) =GP (R).

Proof. Let a,BEO( ). Sinceforallz € R,z0a =204 = (’) ). Be gl J(R)\{a}, 8 € Z)(R)\
{a}. In addition there exist z,w,z’,w’ € R in such a way that a € ®(z,w) and B e o, w),
since (R @) is a commutatlve hypergroup It follows that (Z(®(R)\ {a}) \ (ZB(R)\ {B}) = {B}
)\

and (ZO(R)\ {8})\ (2 (R)\{a}) = {a}. Now, define a map f : Z((R)\ {a} = ZO(R)\ {5}
if r =
by f(x) = @ 1 v 5. Using Theorem |3.15, f is a bijection, because o and 8 are’t adjacent,
x ifax#p
we get that f is a homomorphism and so G(®)(R) = G®)(R). O

Corollary 3.19. Let (R, D, ®) be a finite commutative general hyperring and o, 8 € (’) . If for
dlzeRroa=10820 then GO(R) = GO(R).

3.1 Zero divisor graph on (¢, ®)-reproduced general hyperring (Z,, +,-)

In this subsection, we consider the finite (&, ®)-reproduced general hyperrings (Zy,, +,-) and com-
pute them zero divisor graphs.

In [4], Hamidi et al. constructed a type of (@, ®)-reproduced general hyperring as follows.

©)-
Theorem 3.20. Let n € N be an even. Then (Zy,+,-) is a (&, ®)-reproduced general hyperring,
which ®(T,9) =T +gy={r+ty, v +y+a},oF,9) =7 -y={Ty, vy + a} anda #0,Z,y € Zy,.
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Example 3.21. Consider the general hyperring (Zs2, ®,®), based on Theorem . It is clear that
(’)gfj) = {0,1}, 20(Z2)\ {0} = {1}, ZW(Z2)\ {1} = {0}, GO (Zy,®,0) = K| and GV (Zy, ®,0) =
K.

Based on the above hyperoperations in Theorem [3.20, we have the following results.
Theorem 3.22. Let 3 <n € N be an even. Then
(i) o5 = (0. 151}
(ii) For any a € Og), Z@(z )\ {a} = Z, \ {a}.

(ii) GON(Z,,®,0) = GED(Z,, ®,0) = K ,_».

Proof. (i) Let T,y € Zy, and o € Zy,. Since ®(Z,y) =T +=7y = {z +y,x +y+ | 5]}, we get that
2

a € C’)g) if and only if @ = 0 or v = [2]. Hence O(@) {0, [ 5]}

(ii) Let 7,7 € Zy, and a € O(Z®)' Then O(Z,7) =T - =Y = {zy,zy + 5]} and so for any

n 2

a € (9(@) and T € Z,, we get that 7 € Z(®)(Z,) \ {a}, if there exists T # § € Z, in such
a way that a € {Fy,zy+ [2]}. If @ = 0, then T is a divisor of Z, or n | (zy + [%]). If
o = 2], then in a way similar, we get T is a divisor of Z,, or n | (zy + [%]). It follows that
ZNZ)\{a} ={Z | 37 € Z, in such a way that nlzyorn|(zy+[5])} =%\ {a}.

(iii) Using Theoremg7 et )(Zn,@,Q) ~ (5] J)(Zn,@, ®), because of

©(0,7) = o@0) = o(5],7) = 0@ 5 ]) = {0,151} = 0.

Let 7,y € Zy and o # 3 € O@). Indeed, for any T € Z,,®(7,0) = ©(0,7) = {0, 2]} and
o, 12]) = o(2],7) = {0,]2] j} Then for any T € Z(®)(Z,) \ {a}, there exists § # 7 € Z, in
such a way that o € O(Z, ) N ©(5,Z) and for any 8 # y,a € O(Z,y) N ©(y,T). Now, define a

_, which V(K ,-2) =V U

=) zg ifx=0
map f: ZEDR\(F]) > V-2 by f@) =" 07

Va, Vi = {wo} and Va = {w1, 22, ..., 20 1 P\{a[2 )} and ZED(R\{[5]} = {1.2,...,n — IN{[3]}

Clearly, f is a bijection, since 0 and | 5] are’t adjacent, we get that f is a homomorphism and so
G(L%J)(ZTH@a@) gKl,an- O

Corollary 3.23. Let 3 < n € N be an even. Then
(i) diam(GO(Z,,®,0) = diam(G(@)(Zm@, ©) =2.
(ii) 9r(GO(Zn, ®,0) = gr(G 13D (Z,, 0, 0) =

Example 3.24. By Theorem[3.20, (Zg,+,-) is a (®,®)-reproduced general hyperring by the Table
@. Clearly O(Zf) = {0,3} and for any a € O%?), Z)(Z6) \ {a} = Zg \ {a}. Hence GO)(Zg) =
G®)(Zg) = K1 4 are shown in Figure @

Let 7,y € Zy. Define

TApa ¥ =
{par ¥ {{x +y,x+y+a} otherwise
the following results.

0 7z=0o0ry=0

0 T=7=0
=y and T -, ;1 ¥ = { , SO have

Z,  otherwise
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@0 1 2 3 4 5
0 | {0,3} {1,4} {2,5} {3,0} {4,1} {5,2} ®l0 1 2 3 4 5
1|{L4 {25} {304 {41} {52} {0,3} 0 | {0,3} {034 {0,3} {0,3} {0,3} {0,3}
2 | {2,5} {3,00 {41} {52} {0,3} ({I,4} 1 {03} {14} {25} {3,040 {41} {52}
3 {30} {41} {52} {0,3} {L4} {2,5} 2 1{0,3} {2,5} {41} {0,3} {2,5} {41} .
41 {41}r {52} {03} {14} {2,5} {3,0} 3 | {304 {034 {3,04 {0,3} {3,04 {0,3}
5 {52 {03 {14} {25} {3,0p {1,4} 4 1{0,3r {41} {25} {03} {41} {25}
5 1{0,3 {52} {41} {3,040 {2,5} {14}
Table 6:
(Zg, @) Table 7: (Zg, ®)
Table 8: Hypergroups (Zg, @), (Zg, ®) and general hyperring (Zg, ®, ®).
./f\v ./f\
1 2 4 5 1 2 4 5
(a) (b)
GO (Z¢) G®)(Zg)
Figure 3: Zero divisor graphs G (Zg) and G®)(Zg).
Theorem 3.25. Let p € N be a prime and @ € (Zy, +{pa}» {pa})-
() 05 ™) = {0.5—a}.
(ii) For any a € OF), 2()(2,) \ {a} =2, \ {a}.
(iii) GO (Zp, +pap '{pﬁ}) =~ Go-D) (Zy, +pay '{p,a}) = Kp1.
(iv) diam(G(ﬁ) (Zp, +pays {pa)) = diam(G(F) (Zp, +{pays “{pay)) = 1, which p >'5.
(V) gT(G(a) (Zpa +{p76}7 '{p,a})) = gT(G(pTl) (Z[M +{p,§}a '{p,ﬁ})) =3, which p > 5.
Proof. (i) Let 7,5 € Z, and a € Z,. Since T +(, a1 J 0 T=T=0 et
roof. (i) Let T, and « . Since T n Y= ;W
Y b P {par ¥ {r+y,z+y+a} otherwise s

that o € (’)(Zi{p’a}) if and only if @« = 0 or a = p — a. Hence (’)Z{p’a}) ={0,p—a}.
. o (+(pa}) _ _ 0 7z=0ory=0
ii) Let 7,y € Z, and o € O . Then T 1, n ¥ = and so for an
(i) Y P Zp {pa} ¥ {Zp otherwise Y

o€ (’)2“”6}) and T € Zjp, we get that T € Z(a)(Zp) \ {a}, if there exists T # § € Z,, in such a way

that a € {0,Z,}. It follows that Z(*)(Z,) \ {a} = Z, \ {a}.

(iii) Using Theorem [3.18, G0)(Z,,, +ipays pay) = a2 (z,, +{pa}s ‘{pa}), because by defini-
tion, we have

{p,a} (67 E) = {p,a} (E, 6) = {6}7 {p,a} (p - aaf) = {p,a} (57]7 - a) 2 {6,]) - CL}.

Let 7,y € Z, and o € (Q(ZJ;{”’E}). Indeed, T (53 ¥ = ¥ pay T C (92{’”6}) and so for any

T € Z((Z,) \ {a}, there exists T # § € Z, in such a way that o € (T tpay ¥ N pay 7). It
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follows that any z,y € Z, are adjacent and so GO (Zp, +ipays {par) = GP-1 (Zp, +ipays {pa}) =

Ky 1.

Example 3.26. By Theorem (Z5,+{15},-{15}) 1s a general hyperring by Table B Clearly

tis) I 2 3 1 sl 0 T 2 3 1
0 {0} {1,2} {2,3} {3,4} {4,0} 0 | {0} {o} {o} {o} {o}
T | {12} {23} (3.0 {10} {0.T) T |0 25 Zs 7Zs Zs
2 | {23 3.1 {100 {01} {12}’ 2 {0 Zs Zs 75 Zs
3 |31 {10 {01 {12} {23 3 |0 zs Zs Zs Zs
1 |40 00 {12} {23 3.1 1 ({0 2y Zy 75 Zs

Table 9: Hypergroups (Zs, + {15}), (Zs, - {T,g}) and general hyperring (Zs, + (A5} {T,B})~

OZ{I”E}) = {0,4} and for any a € (’)g{p’a}), Z@(Z:5)\ {a} = Zs \ {a}. Hence GO(Zs5) =
GN(Zs) = Ky are shown in Figure .

I 3 T
i 3 32
(2) (b)

GO(Zs) GY(Zs)

Figure 4: Zero divisor graph G (Zs) and G (Zs).

@, ®)-reproduced general hyperring, where ®(7,7y) =

It is clear to see that (Z,,+,0,-) is a (
= {zy,0}. From now on, based the above hyperoperations,

is
T+y={z.y,x +y}and ©(7,7) =Ty
we have the following results.

a

Theorem 3.27. Let 4 <n € N and consider (Zn,®, ).

(i) 02) =Zy.

Proof. (i) Let 7,y € Zy, and « € Z,. Since &(Z,y) = {Z,7, = + y}, we get that o € (’)(Zf) if and
only if a € Z,, hence Oéej) =Zn.

(i) Let 7,y € Z,, and a = 0. Then ©(7,y) = {zy,0} and so for any T € Z,, we get that
7 € Z\9(Z,)\ {a}, if and only if there exists T # 7 € Z, in such a way that a € {0,Z7}. It follows

that Z(*)(Zn) \ {a} = Za \ {a}.
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(iii) Let 7,y € Z, and a = 0. Indeed, ©(Z,y) = ©(y,7) = {0,7y} and so for any T €

Z ) (Z,) \ {a}, there exists T # 7 € Z, in such a way that o € O(Z,7) N (7, T). It follows that
V(GO (Zn, ©,®))) = Zy \ {0}. Since for any ,7 € Zy,0 € O(T,7), get that T, are adjacent and
0 B(GO (Z,,0,0))) = (2o \ {0}) X (Zn\ {0)), thus GO (2, ©,)) = Ky_1. .

Let m € N. Then in the general hyperring (Zy, ®, ©), for T € Z;, we have mz = {z, mz} and
" ={0,2™}.
Theorem 3.28. Let 3 < p € N be a prime and consider (Z,,®,®). Then
(i) [2(Zp) \ {a}| =p—2.
(i) GO(Z,, ®,®)) is a disconnected graph.
(i) diam(GD(Zy,®,0)) =
)

(iv) gr (G (Zp, ©,0)) =

Proof. (i) By Theorem [3.27, 1 € (’)g). Let T € Z, and o = 1. Because p is a prime, there exists
Y € Zy, in such a way that a € ©(Z,7) N ©(7, ). In addition, for all T € Z,,

acT=0F,1)ep|@@*-1)ezc{lp—1}

Hence for all Z € Z,, there exists © # Y € Zy in such a way that a € ©(Z,y) N ©(y,7). Thus
2\ (Zyp) \{a} = Zy \ {a, 0} and s0 |29 (Z,) \ {a}| = p —

(11) By item (i), \Z(O‘)( ») \ {a}| = p—2is an odd, since p is a prime. Applying Theorem
G(Z,, ®,®)) is a disconnected graph. B

(iii, iv) Since GN(Z,,®,0)) is a disconnected graph, by definition diam(GM(Z,, ®,®)) = oo
and gr(GW(Z,,®,0)) = co. O

Theorem 3.29. Let 3 < p € N be a prime and consider (Z,, ®,®). Then t(GD(Z,, ®,®))) = ng

Proof. Applying Theorem GM (Zyp, ®,®)) is a disconnected. Let T € Z, and @ = 1. Because
p is a prime, there exists a unique § € Z, in such a way that o € ©(Z,y) N ©(y,z). In addition,
lep-— p—1° , thus, p — 1 is an isolated vertex. Assume that Z(D(Z Zp)\{1} = {z1, 22, ..., Tp_3,2p_2},
because of 1Z()(Z,)\ {a}| =p—2 by Theoremu Hence, G (Z,, @, ®)) has [%1 subgraphs
G; = (Vi, E;), such as

= ({1, w2}, {21, 02}), Go = ({23, 24}, {3, 24}) - Gro2y g = ({#p-a, 2p-3}, {2p-a, 7p-3})

and Gp-2) = ({xp—2}, {xp—2}) by a rearrangement. Then t(G(l)(Zp, $,0))) = LgJ O
2

Example 3.30. Let R ={0,1,2,3,4}. Then by Theorem[3.3, (R,®,®) is a general hyperring as

Table C’learly, o®) =R, ZO(R )\{0} = R\ {0}, ZO(R)\ {1} = {2,3,4}, ZO(R) \ {2} =
{3,4},Z J(R)\ {3} = {2,4}, and ZW(R) \ {4} = {2,3}. Hence,
GO(R) =2 K4, GAD(R) = GO®)(R) =2 GW(R) = K, and G(l)(Ri% G as shown in Figure @

We see that (R,®) is a commutative hypergroup based on the Table|11], and Og%@) = {0}.

ya

1

In what follows, for any z,y € Z, we consider the congruence modulo p, by x
y (mod p).

Yy or x
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4
’ @0 1 2 3 4 o0 1 2 3 4
00 {t,0y  {0,2} {0,3} {0,4} 00 0 0 0 0
-~ 1| {01} {1,2}  {1,2,3} {1,3,4} {1,4,0} 1 |0 {0,1} {0,2} {0,3} {0,4}
2 3 2 1{0,2} {1,2,3} {2,4}  {2,3,0} {2,4,1} 2 |0 {0,2} {0,4} {0,1} {3,0} "
. ' 3 1{0,3} {1,3,4} {0,2,3} {3,1} {3,4,2} 3 |0 {0,3} {0,1} {4,0} {0,2}
Figure 5: 4 [{0,4} {1,4,0} {1,2,4} {2,3,4} {4,3} 410 {0,4} {0,3} {0,2} {1,0}
Graph
GV(R) Table 10: (R, ®) Table 11: Hypergroup (R, ®)

Table 12: General hyperring (R, ®, ®) of order 5 and graph G(M)(R).

Theorem 3.31. Let p € N be a prime, consider (Zy,®,®),Z,7 € Z, and o € Og).

(i) If 0 € ®(z,9) N (Y, ), then
(ii) If « € 72, then a € {0,1,4,9,...,([B])2 +2 —p, (|2])?}.
(iil) If Jo={T | T2 Z a,Z € Z,}, then | Jo |< 2.

Proof. (i) Let T,y € Zp. If T =0 or y = 0, then it is clear. If 0 & {Z,7}, then 0 € &(Z,y) N®(y,T)

if and only if 0 € {Z,y, 7 + y} if and only if y = p — z. It follows that {0,7%} = 2% = ©(7,7) =
—_— — e . p

@ +p),y+p) ={0,(y +p)(y+p)} = {0,7°} and so 7° = 7 or 2 = y°. -

(ii) Let T € Z,. By definition there exists a unique ¥ € Z, in such a way that 0 € &(Z,7).
If Z ={z | 37 insuchawaythat0 € ®(,7),7,7 € Zy}, then T # 0(| Z |= [§] + 1)
and by item (i), for any T € Z, there exists § € Z,, in such a way that z? £ v: If @ -
0,1-1,2-2,...,(p—1)- (p—1), then we obtain that @, £ 12 and it follows that for any T € Z,

we get that 72 C {0,1,4,9,...,([5])2+2 —p, (|5])?}.
(iii) If &« = 0, then by items (4), (i4), we get that T2 £ «, it implies that T = « and so | Jo|=1.

If o # 0, then by items (4), (i), we get that > £ «, it implies that there exists k € Zy in such a
WaythatEQ%aandp—ﬁ%aandso|Ja|:2. O

Theorem 3.32. Let p € N be a prime and o € (’)(Zf) \ {0,1}.
() If Jo = 0, then |Z)(Z,) \ {a}| = p — 3, which p > 5.
(ii) If Jo # 0, then | Z()(Z,)\ {a}| = p — 5, which p > T.

Proof. (i) Since J, = 0, for all k € Z,, k* ;% a and (p—k)? ;% a. Hence in similar to Theorem
and using Theorem we get that Z(®)(Z,)\ {a} = Z,\ {@, 0,1} and for all T € Z,, there exists
T #7 € Z, in such a way that a € O(%,7) N O(7,Z). Tt follows that |Z(*)(Z,)\ {a}| =p — 3.

(ii) Since J, # 0, there exist k € Z, in such a way that k? £ o and (p— k)? £ . Hence in
similar to Theoremand using Theorem we get that Z(*)(Z,)\{a} = Z,\{a,0,1,k,p — k}
and for all T € Z,, there exists T # y € Z, in such a way that o € ©(Z,7) N©(y, 7). It follows that
|12()(Zy) \{a}| =p 5. m

Corollary 3.33. Let 7 < p € N be a prime and o € (’)g) \ {0,1}.

(i) G)(Z,,®,0)) is a disconnected graph.



144 M. Hamidi

(i) diam(GMD(Z,, &, ®)) = .

(i) gr(GD(Z,, ®,6)) = .
Proof. The proof is similar to Theorem [3.28| and is obtained from Theorem [3.32 O
Corollary 3.34. Let 7 < p € N be a prime and consider (Z,,®,®). Then

p—3
2 )

(i) If Jo # 0, then (G (Zy,®,0))) = [p— 5.

(i) If Jo =0, then t(GD(Z,,®,0))) = |

Proof. The proof is similar to Theorem [3.29 and is obtained from Theorem [3.32 O

Proposition 3.35. Let 3 <n €N, consider (Z,,®,®),T € Z, and @ € (’)Sj).

no2

() If0 € ®@,7) Ne(y,7), then 2* = y°.

(i) [fa e, then@ e {0,LA0,.... 5%

(iii) If ged(a,n) = 1, then there exists v € Z in such a way that T € (T © @) N (@ O Tx).
Proof. (i),(ii) Are similar to Theorem [3.31{i).

(iii) Since ged(a,n) = 1, there exists r,s € Z in such a way that 1 = ra + sn and so for any
TEZLn,getTE(10TN1OT)C (FTTOaNa®TT). O

Let n € N. From now on, ¢(n) is the Euler phi-function(the indicator or totient).
Consider (Zn,®,®),T € Z, and 0 # @ € (’)gj). We set I, ={T € Z, | ged(z,n) | al,Jo =

(T€Zy, | 22=a}and Ko ={T €Z, | @cT@a},sohave the following results. In general

Proposition 3.36. Let n € N, consider (Z,,®,®) and 0 # @ € O%Gj). Then
(i) o = ¢(n) and |Kaf = 1.
(ii) If there exists T € Zy, in such a way that @ € T2, then |Jo| = 1 or |Jo| = 2k, where k € N.
(iii) If n =p >5is a prime, then |Io| =p —1,|Ky| =1 and (|Jo| =2 or |Ja| = 0).

Proof. (i) Let n € N. Then there exists m < n in such a way that ged(m,n) = 1. Thus |I4| > ¢(n).
In addition, |K,| > 1, because of 1 € K.

(ii) Let T € Z, and @ € 72. Then @ =22 and so 22 = . Hence 22 Za = (n—z). fn—z =1
then |J,| = 1, but n — x # x implies that n —z € J, and so |J,| > 2. Because for any T € Z,,
there exists § € Z, in such a way that 0 € &(z,y) N ®(y,T), by Proposition we get that
22 = y? and so there exists k € N in such a way that |J,| = 2k.

(iii) Immediate by items (i), (ii). O

Theorem 3.37. Let n € N, consider (Z,,®,®) and 0 # @ € (’)g). Then

1Z(Z) \ {a}| = [Ia \ (Ja U Ko U{a})].
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Proof. Let T € Z(®)(Z,)\{a}. Then there exists 7 ¢ {Z,@} in such a way that @ € O(%, 7)NO(7, T).
It follows that zy = o and so T € I,. Since y # 7 and § # @&, we get that T € J, and

T ¢ K, respectively. Hence Z((Z,)\ {a} = I, \ (Jo U K, U {a}), and so V(G¥)(Z,,d,®))) =
Lo\ (Jo U Ko U {a}). O

Corollary 3.38. Let 3 <n €N, consider (Z,,,®,®) and & € (9 \{1} If ged(a,n) = 1, then

(i) [al = ¢(n),[Jal = 0 and [Ko| = 1.
(i) 12(Zo) \ {a}] = p(n) — 2.
(iit) G (Zy, D, ®) = K (ny—2, which n <8.
(iv) diam(G()(Zy,®,®)) =1 and gr(G(Z,,®,®)) = 3, which n < 8.
) G Zp, ®,0) = K (ny—2 is disconnected, which n > 9.
(vi) diam(G) (Zy, ®,®)) = gr(G(Z,,®,®)) = oo, which n > 9.

Example 3.39. Consider the general hyperring (Z16, B, ©®).

(i) If « = 7, then by Corollary|3.38, G ((Z16,®,®)) = G as depicted in Fzgure@ If a =14,
then by Theoremu Te Z@ (ZlG)\{léL} if and only if ged(x, 16) | 14 if and only if ged(12,16) €
{1,2} if and only if z € {2,3,5,6,7,10,11,13, 15}, hence | 20 (Z1)\{14}| = 9 # ©(16)—2, because
of ged(14,16) # 1.

(ii) If « =9, then by Theorem 7 € Z((Ze) \ {a}) if and only if x € {3,13,5,11,7,15}

(because of x* Lol 25). Hence G (Zs,®,0) = G as depicted in Fz’gumé

il g Nl g o
Ul g Ol g ol
Sle ol

ST
‘o—ow‘
|o——ew

o
o]
I\I

=

13 15 % ﬁ
(a) (b) (c)
G (Zae) G (Zse) GO (Z1e)

Figure 7: Zero divisor graphs G19(Zs), G (Zs) and GO)(Zs).

3.2 Zero divisor graph on (Z,®,®)

In this subsection, we consider the infinite general hyperrings (Z,®,®) and compute them zero
divisor graphs based on Theorem [3.20

Let n € N. Then, from now on, we set D(n) = {k € Z |

k| n} as the set of all divisors of
n(positive and negative integers).

Theorem 3.40. Let 2 < k € N and p be a prime. Then
(i) o = z.
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(it) 2O0(z)\ {0} =2\ {0}.
(iii) Z(a)(Z> \ {a} = D(a) \ {1, a}, where a = p*.
(iv) |Z2P"N(Z)\ {p"}] = 2k.

Proof. (i), (ii) Let z € Z. Then for all y € Z,z € {z,y,x + y} = &(z,y) N B(y, x), so Oé@) = 7.
In addition, for all y # = # 0,0 € {0, zy} = O(x,y) N O(y,z) imply that Z©)(Z)\ {0} = Z\ {0}.
(iif) Let o = p* and z € Z(®)(Z) \ {a}. Then there exists y ¢ {1,p*} in such a way that
pF = zy. Hence p* ¢ {x,y} and = € {—1,%(p™), —p** | 1 <m #k <2k — 1}, because of z | p¥,
respectively. Thus Z(®)(Z) \ {a} = D(a)\ {1,a}.
(iv) It is clear by (iii). O

Theorem 3.41. Let 2 < k € N and p be a prime.
(i) GOz, ®,®) is an infinite complete graph.
(ii) G(p%)(Z, @, ®) is a disconnected graph.

Proof. (i) Let z,y € Z. Then 0 € ®(z,y) N ®(y,x) implies that O%EB) No(z,y) N O(y,x) #

(. Tt follows that for any given a € Z, we get that E(G(Z,®,0)) = V(G (Z,®,0)) x
V(G (Z,®,)).

(ii) Since Z(®)(Z) \ {a} = D(a)\ {1,a}, for any € D(a) \ {1,a} there exists a unique
y € D(a) \ {1,a} such that & = zy. Thus for any z ¢ {x,y}, z is not adjacent to x,y and so
G(pzk)(Z, @, ®) is a disconnected graph. O

Corollary 3.42. Let 2 <k € N and p be a prime. Then

(i) if k is an odd, then t(GP™)(Z,®,®)) = k.

(i) if k is an even, then t(GP™)(Z,®,®)) = k + 1.
Proof. They are obtained by Theorems and O

Let n,k € Z, and n = ﬁp?, where p1,pa,...,p, are primes and r1,rs,...,r, € Z='. Then

from now on, will denote ’Pz(:nl) ={ri,ra, ..., Tk}
Theorem 3.43. Let k, k' € N, p,q be primes and o, 3 € O%EB). Then

(i) GP)(Z,®,0) =GP N2, ®,0) if and only if k — k' = 1.

(ii) G(pk)(Z,EB,(D) = G(pk/)(Z,EB, ®) if and only if k = k', where k, k' are odd or k, k' are even.
(i) G(Z,8,0) = GP(Z,®,0) if and only if P(a) = P(B).

Proof. (i) If k — k' = 1, then p* = p?(*+1) and using Theorem and so G(p%)((Z,éB, ©)) =
Kipi2 = GV (2, @,0)). I GP((Z,0,0)) = G 7)(Z,®,0)), then

2k’+1)

| 2@\ {p*} | =| 2T (@)\ [P

It follows that 4k —2=2(2k"+1+1—1) and so k — k' = 1.
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(i) Let either k ¢ E(even integer) and k' ¢ E. Then by item (7),

GO ((Z,®,0)) =GP (Z,®,0)) ifand only if | ZE)(Z)\{pF} | =| 2N (Z)\{p"'} | (because
of complete graphs) if and only 1f 2(k+1) =2(kK + 1) if and only if k = &'.

(iii) Let o, B € OZ®),a = Hp” and 8 = +( Hq‘” Then G ((Z,®,®)) = GP((Z,®,0))

=1 =1
k

if and only if | Z@(Z)\ {p*} | =| ZP)(Z)\ {8} | if and only if 2((1_[(7"1 +1)—-1) =
1=1

2((H(5i+1))_1) if and only if k = m and for any 1 < i < m,r; = s; ifand only if P(«) = P(8). O
i=1

Corollary 3.44. Let n € N, p, q be primes and o € (’)(Z@).
(i) GP(Z,®,0) 2 GP(Z,®,0) 2 K,.
(i) GP)(Z,®,0) = GU")(Z,®,0).
(i) GP*")(Z,®,0) % GCP)(Z,®,0).
(iv) G(Z,®,0) = G-I (Z,@,) if and only if o € O\ {1,p*}.
v) GP*"N(Z,®,0) =GP (Z, @, 0).
Corollary 3.45. Let 2 < k € N and p be a prime.
(i) diam(GO(Z,®,®)) = oo and gr(GO(Z, ®,)) = 3.

(i) diam(GP")N(Z,®,®) = gr(GP*)(Z,®, ) = o

4 Conclusions

In this paper, we defined and considered the notion of graphs based on zero divisors of general
hyperrings via absorbing elements. We try to consider the graphs based on finite general hyperrings
and investigate some graphs based on infinite general hyperrings. We show that there exists infinite
general hyperring in such a way that related diameters of their zero divisor graph are finite. In
any general hyperrings, there can be several zeroing elements, based on which several zero divisors
are created and specific graphs are produced accordingly. Also, we have counted the number of
these zero divisor graphs in terms of isomorphism. Also

(i) introduced the notion of reproduced general hyperring and proved that any ring is a repro-
duced general hyperring.

(ii) The set of zero divisors of any general hyperring has at least two elements, in case of existence.

(iii) The concepts of locally (a,2)-orderable and free of («,2)-orderable are introduced and is
proved that If (R, ®) is a commutative hypergroup and (R, ®,®) is free of («,2)-orderable,
then G(®(R) is a connected graph.

(iv) The notion of A-general hyperring is introduced and is shown that under some conditions,
the zero divisor graphs based on A-general hyperring are isomorphic.
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(v) We defined the hyperoperations on finite commutative rings such that their zero divisor

graphs are bipartite.

(vi) It is to classify the diameters of zero divisor graphs of any given reproduced general hyper-

rings.

In future studies, we will try to obtain more results regarding zero divisor graphs based on fuzzy
general hyperring, intersection graphs based on graded general hyperrings, zero divisor graphs
based on graded general hyperrings, and fuzzy zero divisor graphs and their applications.
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