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ABSTRACT. In this paper, we define topological hyperrings and
study their basic concepts which supported by illustrative examples.
We show some differences between topological rings and topologi-
cal hyperrings. Also, by the fundamental relation I'*, we indicate
the role of complete parts (saturated subsets) and complete hyper-
rings in topological hyperrings and specially we show that if every
(closed) open subset is a complete part in a topological complete
hyperring then its fundamental ring is a topological ring. Finally,
we study the quotient topology induced by I'*-relation on an as-
sociated Krasner hyperring obtained by a ring and show that it is
isomorphic to a quotient space of the ring by its ideals.

Keywords: Topological hyperring; I'*-relation; complete part; com-
plete hyperring.
2010 Mathematics subject classification: 20N20, 22A30.

1. INTRODUCTION

In 1956, M. Krasner [14] introduced the notion of hyperrings, as a
field of hyperstructures theory defined by Marty [17] in 1934. The hyper-
rings are algebraic hyperstructures endowed with two (hyper)operations
where both are hyperoperations (general hyperrings ([24])), or just one
is a hyperoperation and the other is an operation. In Krasner hyperrings
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[15] the addition is a hyperoperation such that the additive hyperstruc-
ture is a canonical hypergroup, while the multiplication structure is a
semigroup. A good review of studies on hyperrings can be seen in the
book “Hyperrings Theory and Applications” ([7]) written by Davvaz
and Leoreanu-Fotea (also can see [18], [20] and [26]).

The concept of topology on hypergroups was presented by R. Ameri
in [3]. He introduced the concept of a (pseudo, strong pseudo) topolog-
ical (transposition) hypergroup and studied the relationships between
pseudo topological polygroups and topological polygroups. Later on,
this concept was studied by Heidari et al. [8] as a generalization of topo-
logical groups. By fundamental relations on a hypergroup, they show
that if every open subset of a topological hypergroup is a complete part,
then its fundamental group is a topological group. Moreover, topologi-
cal isomorphism theorems on polygroups were investigated by them in
[9]. Salehi Shadkami et al. [22, 23] established connections of complete
parts and open sets to obtain some new results in topological polygroups.
S. Hoskova-Mayerova [10] introduced the concept of topological hyper-
groupoids, B-topological hypergroupoids, 7z-topological hypergroupoids
and Tp-topological hypergroupoids by using concepts of the pseudocon-
tinuity and the strong pseudocontinuity. Also, an over review of topo-
logical hypergroupoid can be found in [2]. Paratopological polygroups
versus topological polygroups were studied in [12]. Moreover, I. Cristea
and S. Hoskova- Mayerova defined the concept of fuzzy pseudotopologi-
cal hypergroupoids in [6].

Topological hyperrings are a generalization of topological rings and
also topological hypergroups. In this paper, we give some basic concepts
to construct a topology on hyperrings. Then, we define the notion of a
topological hyperring which supported by illustrative examples. Also,
we mention some differences of topological rings and topological hy-
perrings. By considering the fundamental relation I'*, we study the
role of complete parts (saturated subsets) and complete hyperrings in
topological hyperrings which shows some difference between topological
hypergroups and topological hyperrings. We show that if every (closed)
open subset is a complete part in a topological complete hyperring then
its fundamental ring is a topological ring. Moreover, we investigate rela-
tionships between a topological ring and a associated topological Kras-
ner hyperring and indicate that the topological fundamental quotient of
the associated topological Krasner hyperring is isomorphic to a quotient
space of the related topological ring by its ideals.
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2. BASIC CONCEPTS OF TOPOLOGY ON HYPERSTRUCTURES

Let (R, +, ) be aring and (R, 7) be a topological space. Then (R, +,-,7)
is a topological ring whenever operations “+” and “-” from Rx R to R
are continuous. Note that we consider the product topology on R x R.

In algebraic hyperstructures theory, we use “4+”7 : R x R — P*(R),
where P*(R) is the set of all nonempty subsets of R. The map “+
” is called a hyperoperation on R. In this case, we define A + B =
Uscapepat+b, o+ A={z}+Aand A+z=A+ {z}, forz € R and
A, B € P*(R). We say that (R, +) is a semihypergroup if for all x,y, z of
R, we have (x+vy)+ 2z =2+ (y+ 2). A semihypergroup (R, +) is called
a hypergroup if t + R = R+ x = R, for all z € R. A nonempty subset
K of a hypergroup (R,+) is called subhypergroup, if for all k € K, we
have k+ K=K+ k=K.

Definition 2.1. ([7]) A commutative hypergroup (R, +) is called canon-
ical if
(i) there exists 0 € R, such that 0 + z = {z}, for every z € R;
(7i) for all x € R there exists a unique —x € R, such that 0 €
4 (—x);
(7i1) = € y + z implies y € = + (—2z).

Definition 2.2. ([7]) An algebraic system (R, +, ) is said to be a (gen-
eral) hyperring, if (R,+) is a hypergroup, (R,-) is a semihypergroup,
and “-” is distributive with respect to “ + 7.

A hyperring (R, +,-) is called a Krasner hyperring [15], if (R,+) is a
canonical hypergroup and (R, -) is a semigroup such that for all z € R,
we have -0 =0 =0z, where 0 is a zero element of (R, +).

In a hyperoperation + : Rx R — P*(R), assume that R has a topology
7, then we can define a topology on P*(R) by the way of Hoskové [10].
She defined two topologies on P*(R) which were called upper and lower
topologies. In this paper, we choose an upper topology on P*(R) and
consider the collection {Sy }yve, as its basis, where Sy = {U € P*(R) :
UCV}.

Theorem 2.3. [16] Let f : X — Y be a map between topological spaces
X and Y. Then the following conditions are equuvalent:
(1) f: X =Y is continuous;
(2) for all open subset V of Y, f~1(V) is open in X;
(3) for all x € X and all open subset V' of Y containing f(x), there
exists an open subset U of X containing x such that f(U) C V.

Remark 2.4. The above theorem is also true whenever use term of basis
elements instead of open sets. Now by previous theorem, hyperoperation
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+ : R x R — P*(R) is continuous, if for all basis element Sy, U € T,
the set +71(Sy) = {V x W : +(V,W) € Sy} is open in R x R. Also
we can use the other equivalent condition for continuity of “+ 7.

In the following we present some properties of hyperstructures and
topological preliminaries that we shall use in later. Consider + : Rx R —
P*(R) where R endowed with a topology 7 and P*(R) endowed with
topology generated by the basis {Sy }ver.

Proposition 2.5. For a hyperoperation + : R x R — P*(R) the follow-
ing conditions are equivalent:

(1) for any open subset V' of R, the set {(z,y) € RxR:z+y CV}
15 open in R X R;

(2) for all z,y € R and any open subset V of R containing x + y,
there exist open subsets U, and Uy, of R containing x and y,
respectively, such that a+b CV, for everya € U, and b € U,,.

Proof. Let x,y € R and V be an open subset of R such that x +y C V.
By (1) there exists basis element U, x U, in R x R such that (z,y) €
UsxUy C{(r,y)y e RxR:24+y CV}, x €U, and y € Uy, where
U, and Uy are open subsets of R. Now if (a,b) € U, x Uy, then (a,b) €
{(z,y) e RxR:2+yCV} Hencea+bC V.

Conversely, let V' be an open subset of R and (zg,y) € {(z,y) €
Rx R:xz+y CV}. Then by (2) there exist open subsets Uy, and Uy,
of R containing x¢ and g, respectively, such that a + b C V, for every
a € Uy and b € Uy,. Thus (x0,y0) € Uy, x Uy, € {(z,y) € RX R :
x+yCV} O

Lemma 2.6. Consider + : R x R — P*(R) and let U, V and O are
open subsets in R. Then the following conditions are equivalent:

(1) +(U x V) C So, where +(U x V) ={zx+y:x € UyecV};

2 U+V CO, whereU+V =U{z+y:xzeclUyecV}.

Proof. Let +(U x V) C So = {W € P*(R) : W C O}. Then for all
x € Uand y € V we have z +y € Sp, and so x +y C O. Thus
We+y:z2e€lU,yeV}CO. Hence U +V CO.

Conversely, if U +V C O, then U{z +y: 2z € U,y € V} C O. Thus
foralz e UandyeV, {z+y:zcU,yecV}CSo. O

Theorem 2.7. Let +: R x R — P*(R) be a hyperoperation. Then the
following conditions are equivalent:

(1) for all open subset V' of R, the set {(z,y) e RxR:x+yCV}
1s open in R X R;

(2) for all x,y € R and all open subset V of R containing x + y,
there exist open subsets U, and Uy of R containing x and vy,
respectively, such that Uy, + U, C V.



214 Mehdi Nodehi, Morteza Norouzi and Omid Reza Dehghan

Proof. 1t follows from Proposition 2.5 and Lemma 2.6. (]

Similar to what happens in Lemma 2.6, for the hyperoperation “/” :
R x R — P*(R) defined by z/y = {z € R: z € z+ y} and all open
subset U, V and O of R, we have /(Ux V) ={z/y: 2 € U,ye V} C So
if and only if U/V = J{z/y:2 €U,y eV} CO.

3. TorpoLOGICAL HYPERRINGS

Definition 3.1. Let (R, +, ) be a hyperring and (R, 7) be a topological
space. (R,+,-,7) is said to be a topological hyperring if three hyperop-

erations “+ 7, “-” and “/” are continuous.

Lemma 3.2. For every hyperring (R,+,-) with a topology T, the hy-
peroperation “+" (resp., “-7 and “/”) is continuous if and only if for
every x,y € R and U € 7 such that x +y C U (resp., x -y C U and
x/y CU), there exist V,\W € 7 withx € V,y € W and V4+ W C U
(resp., V.-W CU and V/W CU).

Proof. 1t is straightforward by Theorem 2.7. (]

Example 3.3. Every topological ring is a topological hyperring by triv-
ial hyperoperations.

Example 3.4. For any non-empty set R, (R,+,-) is a topological hy-
perring with every arbitrary topology on R, where x +y =z -y = R.

Example 3.5. If R is a Hausdorff topological space, then (R,+,-) is a
topological hyperring, where x + y = x -y = {z,y}.

Example 3.6. If (R, +, ) is a topological ring, then (R, ®, ®) is a topo-
logical hyperring, where @y = {x,y} and z © y = {z - y}.

Example 3.7. By considering B = {{a,—a} : a € NU{0}} as a basis
for a topology on Z, (Z,®,®) is a topological hyperring, where x ®y =
{z,y,—x,—y}, © ©y = {zy, —zy}. Note that every subset A of Z is an
open subset of Z if and only if A consists of all its opposite elements.

Some properties in topological rings are not valid in topological hy-
perrings. For instant, if R is a topological ring and U is an open subset
of R, then a + R is open in R for every a € R, while it does not hold in
topological hyperrings. For example consider R = R with the standard
topology in Example 3.6, then 2@ (0,1) = {2} U (0,1) is not open in R
((0,1) is the unite open interval). On the other hand, in Example 3.7,
a®dV = Uady= U {a,—a,y,—y} = B,U( |J By) is an open subset

yev yev yev
of Z, for all a € Z.

Let ~ be an equivalence relation on a topological space X. Then U is

open in the quotient space X/ ~ if and only if p~!(U) is an open subset
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of X, where p : X — X/ ~ is the natural projection map. Also, the
saturation of A C X with respect to ~ is the set A = {re X :3ac
Ax~a}. If A= A, then A is called saturated.

Now, consider the I'-relation ([25]) on the hyperring (R, +,-) which is
defined as:

2Ty < In €N, 3k; € N,3(2i1,. .., 2i,) € R¥,1 <i <m;{z,y} C ZH
i=1 j=1

Let I'* be the transitive closure of I'. If (R,+,-,7) is a topological
hyperring, then (R/I"*,T) is a topological space, where T is the quotient
topology induced by natural mapping 7 : R — R/I'*, and A C R/T™* is
open iff 7~1(A) C R is open.

Complete parts were introduced and studied for the first time by
Koskas [13]. Afterward, this topic was analyzed by Corsini and Sureau
[5] mostly in hypergroups. Also, complete parts and their generalizations
were studied on hyperrings theory, for example see [1, 4, 19, 21]. Recall

n ki
that a subset A C R is said to be a complete part of Rif ANY" [] zi; # 0
i=1j=1

n k;

implies that > [] z;; C A4, forn € N, k; € N, (2;1,...,2y,) € RF and
i=1j=1

1 <1< n.

Lemma 3.8. Let (R,+,-) be a hyperring. Then every saturated subset
of R is a complete part.

n k;
Proof. Let A be a saturated subset of R such that AN Y [] zi; # 0,
i=1j=1
for n,k; € N and (zil,.. ,Zik,) € RFi 1 < i < n. Then there exists
k; n ki
a € A such that a € Z H zij. Thus for all x € > H zij, xI'"a and so
i=1j5=1 i=175=1

reA= A, since A is saturated. Hence A is a complete part. O

Recall that a hyperrlng (R,+,-) is said to be a complete hyperring

([7) if 21 Hl Zij = I‘(Z Hl zij), for all z;; € R. As a characterization,
=1y =17

(R,+,-) is a complete hyperring if and only if )  [] z; is a complete
i=1j=1
part of R, for all z;; € R. Hence we have the following:

Corollary 3.9. In every complete hyperring, a non-empty subset A of
R is a complete part if and only if it is saturated.
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Proof. Let x© € A. Then there exists a € A such that aI*z. This
means that a = a1laol"---T'ay_1T'a, = x, for a1,...,a, € R. Thus

n k;
{at, a1} € > TI (Ze41)ij, for 1 <t < n —1. Since R is a complete

i=1j=1
hyperring, > [ (22)ij == > I (2n)i;- Also (32 [](22)i5)NA # 0,
i=1j=1 i=1j=1 i=1j=1
n ks n k;
which implies that (3 [] (zn)ij)NA# 0. Sox € > [ (2n)i; C A, since
i=1j=1 i=1j=1
A is a complete part. Therefor A = A, that is A is saturated. O

We recall that a hyperring (R, +,-) is said to be a hyperfield if (R, -)
is a hypergroup. Then, similar to what happen for hypergroups ([8]) we
have:

Corollary 3.10. In every hyperfield any non-empty subset is a complete
part if and only if it is saturated.

Proof. In any hyperfield, I'"* = T" (T is transitive [4]). O

Proposition 3.11. Let (R,+,-) be a complete hyperring with topology
T such that every open subset of R is a complete part. If V € T, then
r+v)er.

Proof. Let x € T*(V). Then there exists v € V such that 2I"*v. Thus
there exists an open subset U such that v € U C V. On the other
hand =z = a1l'aol’---Ta,—1Ta, = v, which means that {a;, a1} C
n k; n ki
[T (zt41)ij, for 1 <t <n—1. By v € UN (Y. [[(2n)ij) we have
j i=1j=1

-
I

_
<
Gl

—

-

s
I
—
.
I
—

(zn)ij € U. Moreover R is a complete hyperring and so z €

=
S

(z1)ij = > [[(2n)ij CU, thus x € U. Clearly x € U CT*(U) C
i=1j=1
. Hence I'*(V') is an open subset of R.

s.
1M
oL
<1
N

(

Corollary 3.12. Let (R,+,-) be a hyperfield with topology T such that
every open subset of R is a complete part. If V € 7, then T*(V) € 7.

Proof. 1t is straightforward by I'* =T". O

The above results imply that the natural mapping 7= : R — R/I'™*
is an open mapping in a topological complete hyperring or topological
hyperfield, where any open subset is a complete part.
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Note that in any (topological) hyperring, complement of every com-
plete part (saturated subset) is a complete part (saturated subset). In-

deed, let (> TT 2zij)NA°# 0. If (3 [] 2zi;)NA#0,then > [[ 2z C A
i=1j=1 i=1j=1 i=1j=1
n ki
(A is a complete part), and so (

)

zij) N A® = 0, which is a contra-

—
[y

j=
n ki n  k;

diction. Hence (> [] zij) NA=0,1e. > [ zi; € A Also, let A be
i=1j=1 i=1j=1

a saturated subset of R, x € A® and zI"™y. If y ¢ A° theny € A= A.

Thus x € A = A, which is a contradiction. Hence y € A° and so A€ is

saturated.

Moreover, it is well-known that I'* is the smallest equivalence relation
on a hyperring (R, +, -) such that (R/I'*, @, ®) is a classical ring, where
I*(z)el™(y) = {I"(2) | z € I"(2)+1"(y)} and T*(a) ©T*(b) = {I'*(d) |
d € T*(a) - T*(b)}. Thus, @ and ©® can be seen as I'"(z) & [*(y) =
I'*(2), for all z € I'(z) + I'"(y) and I'*(a) ©® I'*(b) = I'*(d), for all
d € T*(a) - T*(b). Hence, (R/T*,®,®) is called the fundamental ring
obtained by the ['*-relation. Hence, we have:

Theorem 3.13. Let (R,+,-,7) be a topological complete hyperring such
that every (closed) open subset of R is a complete part. Then (R/T*, @, ®, %)
is a topological ring, where T* is the quotient topology on R/T'*.

Proof. The proof is similar to what happened in topological hypergroups
(I8])- O

Lemma 3.14. Let R be a topological hyperring such that every saturated
subset of R is open. Then m: R — R/I'* is an open mapping.

Proof. For every open subset V of R, V = 7 1(7(V)) is a saturated and
so it is open, by the hypothesis. This completes the proof. U

Corollary 3.15. If R is a topological hyperring such that every saturated
subset of R is open, then (R/T*, &, ®,7) is a topological ring.

Proof. 1t is concluded by Lemma 3.14. U

We know that a non-empty subset I of a hyperring (R,+,-) is a
hyperideal, if x,y € I implies x +y C I and for every r € R we have
r-xzUz-r C 1. Let (R,+,-) be a topological hyperring and I be a
hyperideal of R. Then R/I = {z + I : € R} is a hyperring with two
hyperoperations (x + ) ® (y+ 1) ={z4+1 |z € (z+ 1)+ (y+ 1)}
and (z+ Do (y+I)={t+1|te(x+1I) (y+1I)}. Also, R/Iis
a topological hyperring with respect to the quotient topology induced
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by m : R — R/I. Note that every open subset of R/I is in the form
{u+1:u e U} for some open subset U of R ([8]).

Now let (R, +,-) be a commutative ring with identity and put R =
{Z ={x,—z}:2 € R}. Definez@dy={r+y,x—ylandT0O7y=7-y
on R. Then (R,®,®) is a Krasner hyperring by [7], R is said to be
the associated Krasner hyperring with respect to the ring R. Hence we
have:

Lemma 3.16. A non-empty subset I of R is an ideal of R if and only
if I is a hyperideal of R, where I ={T:x € I}.

Proof. LetZ,y € I. ThenZ®y = {x + y,v — y} C I, since x+y,x—y € [
(note that T € I implies that there exists t € I such that Z = #. Then
{z,—z} = {t,—t} and so © =t or z = —t. Hence, z +y,z —y € I).
Similarly, 7 @Z = 7-2 C I. Thus I is a hyperideal of R by [7, Lemma
3.2.3].
Conversely, let x,y € I. Then
767CT = FFpr=grcT

= T+Y,Tr—yYE I

= zF+y=t,xr—y=75, forsomet,5¢€1

= z4+yx—yel.

Similarly, r -z € I, for all r € R. O

Since R/I is a Krasner hyperring endowed with (Z ® I)B (g @ I) =
{zol:ze @)@ (yel)}and zel)L(yal) =70yl =7-ya1,
in the following we show that the fundamental ring of R/T is isomorphic
to a quotient of R:

— k;

Consider I'*(R/I) and define L, = > ({Il tij; 1 <i<n})+
goler*(@ol) =1

I such that {zeI,yoI} C B, D?i:l (t;;®I). If there exists z;; € R such

- - / ! —= ki
that (T T,y T} C By, B, (z7®1), then we consider ({ [] ty; 1 <
j=1
ki
i <n})N{II zj; 1 <i<n'}). Now, put L= > L,. Clearly, L is an
j=1 z€ER

ideal of R.

Theorem 3.17. Let (R, i,;) be a commutative ring and I be a hyper-
ideal of (R,®,®). Then R/1/T* = R/L, for some ideal L of R.

Proof. Define a mapping f : R/I/T* — R/L by fT*(z® 1)) =z + L,

where L = ) L, (which presented above). At first we show that f is
TeR

well-defined. Let T*(Z @) = I'*(y@® ). Then there exist 21,...,2, € R
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suchthat 7@ T =2, @I 2@ IT - - 2, 1011z, I =75® 1. By
Z1 ®IT Z9 & I we have {21 EBT, Z9 EBY} - EE‘?:l Dflzl (ﬂj @7), for li; € R.
Thus 21 — 22 € (t11...t1ky) + .-+ (tn1 .. - tnk,) + I C L, which implies
that 21 + L = 20+ L, i.e. f(I*(z1 @ 1)) = f(T*(Z2 @ I)). Similarly,
it follows that f(I*(Ze @ 1)) = fI*Z3 @ 1)) = ... = fT*Z, @ 1)),
and so f(T*(x @ I)) = f(I'*(y ® I)). Clearly, f is an epimorphism.
Now let T*(z ® I) € ker f. Then f(I'*(z ® I)) = L, which implies
n
that © € L. Hence x € Y ri(ti1...ti,) + I, for t;1 ...ty € R, where
i=1

{zolyol C @, O (f; @), for yo T € I*(®I). Thus
{ze I, I} C B, EI?;I (7;; ® 1), such that ¢;; = rit;1 and ¢i; = tij,
1 <i<mn 2<j< k. Therefore I"(z ® I) = I'"(I) = Og/7,p+
and so ker f = {OE/T/F*}7 i.e. f is one-to-one. Consequently, f is an
isomorphism and the proof is completed. O

For instance, consider the ring (Z4,+,-). Then Z4 = {0,1,2} which
1 =1{0,2} is a hyperideal of Z,. Also, Zs/I = {I,1® 1} and Z4/1/T* =
{T*(I),T*(1®I)}. Moreover, L = Ly = Ly = I and so Zy/L = {I,1+1}.

We started from a commutative ring (R, +,-) and defined the asso-
ciated Krasner hyperring (R, ®,®). Now if we have a topological com-
mutative ring (R, +,-,7), then it can be induced a topology on R from
R such that both hyperoperations & and ® are continuous.

Define 7 = {U : U € 7} where U = {Z = {z,—x} : € U}. Then
7 is a topology on R. Now we show that (R,®,®,7) is a topological
hyperring, that is @, ® are continuous. Consider {U x V : U,V € 7}
and { Ry }y77o> as the basis of R x R and P*(R), respectively. Then & is
continuous if and only if {(Z,%) : @y C V} is an open subset of R x R
forall V € 7. Let (z,7) € {(Z,7) : @y C V}. ThenZ®75 C V and so
{z+y,r—y}CV. Thusz+yeVandz—yeV. Hence (x+y €V
or —z—yeV)and (x—y eV ory—ax V). Now we have 4 cases:

(1) z+yeVandz—yeV;

(2) z+yeVandy—zeV;

3) —z—yeVandz—yeV;

(4) —x—yeVandy—zeV.
Case I: x+y €V and z —y € V. Since “+ 7 is continuous, so there
exist open subsets Wy, Wy containing x, y, respectively, such that z+y €
Wi+ Wy C V. Also “—7 is continuous, then there exist open subsets
Ui, Uy containing x, y, respectively, such that x —y € U; —Uy C V. Thus
xeWiNU; CRandy € WonUs C R and so (7,7) € (WlﬁUl) X
(WQ N Ug). Furthermore, W1 NU; x Wo NU; C {(Z,%) : T @y C V},
because of (@,b) € W1 N Uy x Wo N Us, so (a or —a € Wi NUy) and (b or
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—b € WonUs). If a € WiNU; and b € WoNUs, then a+b € W1+Wy C V,
soa+beV,alsoa—be U —Uy CV. Thusa — b € V. Hencea®b C V.
Similarly, if (a € Wi NU; and —b € Wy N Us) or (—a € W1 NU; and
be WQQUQ) or (—a e WinU; and —b € WQﬂUg), then @ © b - V.
Therefore in this case {(Z,7) : T @y C V} is an open subset of R x R
for all V € 7. In a similar way, the other cases are proved.

Now we show that the operation ® defined by T®y = Ty is continuous.
Let U be an open subset of R. Consider ®1(U) = {(z,7) : 70y € U}.
For (z,7) € @ Y(U) we have T® % € U, so 7y € U. Thus zy € U or
—xy € U. If xy € U, then continuity of “-” in R implies that there exist
open subsets Wy, Wy of R containing x,y, respectively, such that zy €
W1-Wo CU. Thus (z,7) € Wy xWs and Wy x Wy C {(z,7) : 20y € U}.
If (@ b) € Wi x Wy, then (a or —a € W1) and (b or —b € W3). It is
easy to verify that in any cases @ © b € U. If —zy € U, then the same
result is similarly obtained. Therefore (Z,%) € W1 x W C ®~}(U) and
it means that ®~1(U) is open and so ® is continuous.

Theorem 3.18. Consider the associated Krasner hyperring (R,®,)
and the hyperideal I of R. Then w: R/I — R/I/T* is an open map.

Proof. Let A be an open subset of R/I, i.e. A= {u®d1:u € U},
for some open subset U of R. We must show that m(A) is open in
R/I/T*. For this, we show that 7=1(7(A)) is open in R/I, more pre-
cisely, 771 (7(A)) = B, where B = {n®(u®I) :u € U,n € L}. Suppose
tolent(n(A)). Then

rtol)en(d) = Fuel; ntol)=n@el)
= I*(teol)=T*(ual)
= {feluel}cBy, Of, (;0]).

Similar to the proof of Theorem 3.17, it follows that:

t—uel = teu+L
= tcu+L=ud
= teolcu+Lel=udlaL

= dnel; tol=uolonc{no@ael):ucU,nec L}.

Thus 7= (7(A)) € B. Conversely, let n® (u® I) € B. Then 7 € L and
n

son € L. Thus n € Y ri(tin...ti,) + I, where t;1...t;, € R. Hence
i=1

n@IT*Tandson® (w® ) I* w® I. This means that n @ (WP I) €
alr({uel :u e U}) = 7 Yn(A)). Therefore w(A) is open in
R/I)T*. O
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Proposition 3.19. Let (R,+,-,7) be a commutative topological ring
aﬁdi(R,GB,Q,?) be the induced topological Krasner hyperring. Then
(R/I/T* Hp«,Ep+) is a topological ring, for every ideal I of R.

Proof. We know (R/I/T*,Br+,[p+) is a ring. Hence we prove that the
mappings Hp+ and [p« are continuous. Suppose that A is an open
subset of R/I/T* such that 7(z @ I) B« n(y® I) € A. We know 7 :
R/T — R/I/T* is a continuous map, because of R/I/T* has quotient
topology induced from R/I. Thus 7~ !(A) is an open subset of R/T
containing T @ 7 ® I. So there exists an open subset U of R such that
T A ={zal:zeU}. lftecz®y, thent® I CzdydI. Hence,
n(tal) =T*(tel) =T*(xoyel) = r(zeydl) € A. So, tadl € 771(A)
and we have t@®] = 2@ such that Z € U. Now, t € t®] = 20l CU®I.
Then 2@y C U@ I. Since U@ I is open, then there exist open subsets V
and W containing Z and ¢ such that V& W C U @ I. Now, by Theorem
3.18, 7 is an open map, thus 7({v®1:v € V}) and r({we 1 : w € W})
are open in R/I/T* containing I'*(z ® I) and I'*(y @ I), respectively.
Hence

r({vel:veV))Brr({wel:-weW}) = {rwowal):veV,weW}
C {r(zel):zeU}
C w(r1(A))
c A

Therefore the mapping Hr- is continuous. Similarly we can prove that
the mapping [+ is continuous. O

Proposition 3.20. Let (R,+,-,7) be a topological commutative ring
and I be an ideal of R. Then there exists an ideal L of R such that the
topological rings R/L and R/I/T* are homeomorphic.

Proof. Define the map f : R/T/T* — R/L where L is the defined ideal
in Theorem 3.17. It is enough to show that f is open and continuous.
Suppose that A is open in R/L. Thus A = {z+ L : z € U}, where
U is open in R. It is sufficient to show that 7=!(f~!(A)) is open in
R/I. Let 7@ 1 € 7 Y(f1(A). Then m(z ® 1) € f~1(A), and so
f(r(@®I)) € A. Thus x + L € A. This means that there exists z € U
such that x + L = 2+ L. So there exists t € L such that z +t = z.
Because of “ + 7 is continuous in R, there exist open subsets V,W of
R containing x,t, respectively, such that V 4+ W C U. We claim that
B={wol:veV}Cri(f~Y(A). fvalc B, then f(r(vd 1)) =
v+L=@w+t)+Le A sov®lecnt(f1(A)). Hence B is an open
subset of R/I contains v®I (v € V) such that B C n~1(f~1(4)). Sov®l
is an interior point of 77 1(f~1(A)). Thus 7~ 1(f~1(A4))is openin R/T. Tt
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is concluded that f~!(A) is open in R/I/T'*. Therefore f is continuous.
Now suppose that A is an open subset of R/I/T* and z + L € f(A).
Then I'*(Z® ) € A. Thus there exists an open subset B of R/I/T* such
that T*(Z® ) € B C A. Hence there exists an open subset U of R such
that 7~ 1(B) ={z® 1 :Z € U}. We claim that {z+ L: 2z € U} C f(A).
If z€ U, then 2+ L = f(I'*(z® 1)) € f(B) C f(A). So f(A) is open
in R/L. Hence f~!(A) is open. Therefore f is open and the proof is
completed. O
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