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ON STRONGLY ASSOCIATIVE HYPERRINGS
F. ARABPUR AND M. JAFARPOUR*

ABSTRACT. This paper generalizes the idea of strongly associative
hyperoperation introduced in [7] to the class of hyperrings. We in-
troduce and investigate hyperrings of type 1, type 2 and SDIS.
Moreover, we study some examples of these hyperrings and give a
new kind of hyperrings called totally hyperrings. Totally hyper-
rings give us a characterization of Krasner hyperrings. Also, we
investigate these strongly hyperoperations in hyperring of series.

1. INTRODUCTION

The theory of hyperstructures was introduced in 1934 by Marty [12]
at the 8th Congress of Scandinavian Mathematicians. This theory has
been subsequently developed by Corsini, Leoreanu, Mittas, Stratigopou-
los, Vougiouklis, Davvaz [1, 2, 5, 17, 22, 25] and by various authors [0,

, 18,21, 24]. Basic definitions and propositions about the hyperstruc-
tures are found in [I, 2, 5, 23]. Krasner [I1] studied the notions of
hyperfield, hyperring and then some other researchers did, for example
see [3, 1, 9, 18, 19]. Hyperrings are basically rings with approximately
modified axioms. There are different types of hyperrings. If the addi-
tion + is a hyperoperation and the multiplication is a binary operation,
then the hyperring is called additive hyperring. A special case of this
type is the Krasner hyperring [11]. Rota [20] introduced a multiplica-
tive hyperring, where + is a binary operation and the multiplication is a
hyperoperation. De Salvo [%] studied hyperrings in which the additions
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and the multiplications were hyperoperations. Surveys of hyperrings
theory and its applications can be found in the book of Davvaz and

Leoreanu-Fotea [5]. In particular, the relationships between the fuzzy
sets, soft sets and hyperrings have been considered by many researchers
for example see [1, 13, 14, 15]. In this paper, we first generalize the

idea of strongly associative hyperoperation (SASS) introduced in [7]
to the class of hyperrings. Next, using SASS and SDIS notions we
introduce some types of hyperrings which are called typel, type2 and
totally, respectively. Finally, a characterization of Krasner hyperrings
by strongly distributive hyperrings are investigated. In the following,
we give the preliminaries which will be used throughout this article.

Definition 1.1. Let H be a non-empty set and o: H x H — P (H)
be a hyperoperation. Then, the couple (H, o) is called a hypergroupoid.
For non-empty subsets A and B of H and z € H, we define:

AoB= U aob, Aox=Ao{x}.

a€A,beEB

Definition 1.2. A hypergroupoid (H, o) is called hypergroup if for all
a,b,cin H, it satisfies the following conditions:

(1) (aob)oc=ao(boc),

(2) aoH=H=Hoa.

A semihypergroup H is complete if it satisfies one of the following
equivalent conditions:
(1) ¥(z,y) € H?,Va € zoy,C(a) = x oy, where C(a) denotes the
complete closure of a,
(2) V(x,y) € H*,C(zoy) =z oy,
(3) V(n,m) € N2, m,n > 2, V(xy,....,2,) € H"Y(y1, ..., ym) € H™,
the following implication is valid:

Iz N H;‘n:ﬂ/j #0 =1z = H;‘nzﬂJj'

Theorem 1.3. ([1]) A semihypergroup (H,o) is complete if it can be
written as a union H = Us,egAg of its subsets, where S and A, satisfy
the conditions:

(1) (S,-) is a semigroup,

(2) for all (s,t) € S?, where s # t, we have A, N Ay = (),

(3) if (a,b) € Ag X Ay, thenaob = Ag,.

Definition 1.4. Let (H,o) be a hypergroupoid. Then,

(1) An element e € H is called an identity if x € eox Nz oe, for
every x € H.
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(2) Let e be an identity element in H. Then, the element 2’ € H
is called an inverseof x € Hife€ xox' Na' ox.

Definition 1.5. A semihypergroup (H,o) is regular if it has at least
one identity and each element has at least one inverse.

Definition 1.6. A canonical hypergroup (H, +) is a non-empty set H
equipped with a hyperoperation + with the following properties:
(1) 2+y=y+2z2, Vr,y€H,
(2) (z4+y)+z=z+y+z), Vr,y,z € H,
(3) 30y € H such that Oy + x =2 =2+ 0y, Vx € H,
(4) Ve € H 3y € H such that 0y € z +y. We denote y = —uz,
(5) rey+z<=z€cx—y, VYr,y,z€ H.

Definition 1.7. ([7]) Let H be a non-empty set and o: H x H —
P"(H) be a hyperoperation. Then,

(1) o is called left strongly associative if for all z,y,z € H and for
all t € yo z, there exists s € z oy such that x ot =so0 2,

(2) o is called right strongly associative if for all z,y,z € H and for
all t € x oy, there exists s € yo z such that toz ==z o s,

(3) o is strongly associative or for simplicity SASS if it is left and
right strongly associative.

Definition 1.8. ([7]) A hypergroupoid (H, o) is called left(right) strongly
associative if the hyperoperation o is left(right) strongly associative.
(H, o) is called strongly associative if o is strongly associative.

Remark 1.9. The group operation is strongly associative.

2. STRONGLY HYPEROPERATIONS IN HYPERRINGS

Definition 2.1. A general hyperring (R, 4+, *) is a non-empty set R
such that (R,+) is a hypergroup, (R, *) is an associative hyperopera-
tion and hyperoperation + is distributive with respect to the hyperop-
eration x, i.e., x x (y + 2) = (x * y) + (z * z) which means that:

U T*xl = U U+ v
tey+z UETHY,VET*2Z
and (y + 2)xx = (y*z) + (2 x x).
The above Definition was given by Vougiouklis [24] and then used
by Spartalis [21].

Definition 2.2. A subhyperring of a hyperring (R, +,*) is a non-
empty subset S of R that preserves the structure of the hyperring R,
i.e. a hyperring (5, +, ) with S C R.
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In the following, we present a definition to obtain a new class of
hyperrings.

Definition 2.3. Let R be a non-empty set and o, *: R x R — P (R)
be two hyperoperations. Then,
(1) * is called left strongly distributive with respect to o if for all
x,y,2 € R and for all t € y o z, there exists u € x * y and
v € x x z such that x xt = wow, also for all s € x xy and
t € x * z, there exists w € y o z such that x xw = sot,
(2) * is called right strongly distributive with respect to o if for all
x,y,z € R and for all t € y o z, there exists u € y x x and
v € z*x such that t x x = wow, also for all s € y * x and
t € z x x, there exists w € y o z such that w*xxz = sot,
(3) = is strongly distributive with respect to o if it is left and right
strongly distributive.

Remark 2.4. 1t is clear that if % is a commutative hyperoperation, then
left and right strongly distributive coincide.

Lemma 2.5. If x is strongly distributive with respect to o, then * is
distributive with respect to o.

Proof. Let * be strongly distributive with respect to o and (z,y, 2) €
R3. Then, we have {zxt|t € yoz} = {uov|u € x*y,v € x*z}. Hence
x*x(yoz)=(r*y)o(rxz). Similarly (yoz)*x = (yxz)o(z*x). O

Definition 2.6. Let R = (R, +, *) be a hyperring. Then,

(1) R is called of type 1 if the hyperoperation + is strongly asso-
ciative,

(2) R is called of type 2 if the hyperoperation * is strongly asso-
ciative,

(3) R is called SDIS if the hyperoperation * is strongly distributive
with respect to +.

Definition 2.7. A hyperring (R, +, ) is called totally hyperring if it
is of type 1, 2 and SDIS.

Remark 2.8. Every ring is a totally hyperring.

Remark 2.9. If S is a subhyperring of R and R is totally, then S is a
totally hyperring.
Example 2.10. Let (R = {e,a}, +, %), where

+ ‘ e a * ‘ e a

ele a el e AHea}

ala {ea} a|{ea} {e,a}
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be a hyperring. Then, R is a general hyperring that is neither type
1 nor type 2 and it is not SDIS, too.

There exist hyperrings of type 1 and 2, which are not SDIS. The
next example is such a hyperring.

Example 2.11. Let (R = {e,a,b,c},+, *), where

+| e a b c x| e a b c

e |{e,a} {a,b} {b,c} {e,c} el {e,a} {b,c} {e,a} {b,c}
a | {a,b} {b,c} {e,c} {e,a} a|{b,c} {ea} {b,c} {e,a}
b | {b,c} {ec} {e,a} {a,b} b|{e,a}l {bc} {ea} {b,c}
c|{ec} {e,a} {a,b} {b,c} cl{bc} {e,a} {bc} {e,a}

R is a hyperring of type 1 and 2 but it is not SDIS, since
ex(ete) = {ext |t € et+e} # {utv | u € exe,v € exe} = (exe)+(exe).

Also, there exists SDIS hyperring which is not of type 1 and type 2.
The next example is such a hyperring.

Example 2.12. Let R = ({a, b}, +, %), where

+| a b *la b
al| a A{a,b} a|a {a,b}
b | {a,b} {a,b} bla {a,b}

be a hyperring. Then, R is neither of type 1 nor type 2 but it is
SDIS.

Example 2.13. Let (R = {e,a, b}, +, x), where

+| e a b x| e a b
e|{e,a} H H el{e,a} H {ea}
a| H {ea} {ea} a| H {ea} H
b| H A{ea} {ea} bl{e,a} H {ea}

R is a hyperring of type 1, 2 and SDIS. Then, R is a totally hyperring.

Proposition 2.14. Let (F,+,-) be a field and | F |> 3. Then,
(F,®,®) is a hyperring of type 1, where x &y = F — {x +y} and

- F—{x-y} if z#e and y+#e
€T —=
Y F if r=e or y=e

for all x,y € F and "e” is the identity element of (F,+).
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Proof. (F,®) is a strongly associative hypergroup (see [7]). Moreover,
(F,®) is a semihypergroup. It would be sufficient to check the distribu-
tivity. Let {z,y,z} C F.Ifx = e, then 2O (y®z) = (z0y)®(z®z) = F.
Let x # e,y # e and z =e. Then, y + z # e and x - y # e, so we have

rOydz)=20(F—(y+2)2xee=F.

In this case, (zQy)® (r©2)=(F—{z-y}) BF Dedt; Ue Dty
where t1,ty € F and t; # t5. Since (F,+) is a group, ety Ue Bty = F.
Hence (x @ y)® (x©®z)=F. Now let x #e,y #e,z £ e. If y+ 2z #e,
then

rO(y®z) = U rOt2rxee=F.
te F—{y+z}

fy+z=ec thenzO(y®z2) =Uep (20t 2204LUx0 1,
where t1,ty € F and e # t; # ty # e. Since (F — {e},-) is a group,
rOthUzr®ty = F. Hence x ® (y & z) = F. Moreover, we have
(rOy)®(r©z)=F Hencez © (y®z2) = (z0y) ® (r©2) = F.
Therefore (F,®,®) is a hyperring of type 1. O

Now, we present a way to obtain a class of hyperrings that is of type
2. Let (H,o,*) be a hyperring and {A;};cr be a family of non-empty
sets such that
(1) (R,+,-) is a ring,
(2) AOR =H,
(3) VZ,] € R, A; ﬂAj = 0.
Let K = |J,.p Ai and define the following hyperoperations on K
() Ve,ye H,z@y=zoy, 20y=H,
(2) Vr € Ai, Vy € Aj, such that Az X AJ 7& H x H, TPy = Ai-i—j)
The structure (K, @, ®) is a hyperring which is called (H, R)—hyperring.

Theorem 2.15. K = |J,., 4i is a hyperring of type 2. We shall say
that K is an (H, R) — hyperring of type 2.

Proof. We show that ® is a left strongly associative hyperoperation.
Let {z,y,2} € K. If 2,y,2 € H then it is clear that z © (y ® 2) =
{H} = (z0y)©z lfzye H= Ayz € A such that k # 0,
then for all t € y ® z = Agx = H, we have x € H = z ® y, and
rOt=H=x0z IfxeA,,ye A, z€ H= Aysuch that m,n # 0,
then forallt e y®z= Ay = H and for all s € x © y = A,,,., we have

tOt=H =50 z.
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Now let z € A;,y € Aj,z € Ay, such that A; x A; x Ay # H x H x H
andlet t e y® z = A, such that j-k=m. If s € x ©y = A,, such
that ¢ - 7 = n, then we have

TOt= Ay = AiGr) = AGjyre = Ank = 50O 2.
Thus (K, ®) is a left strongly associative hyperoperation. Similarly ®
is a right strongly associative hyperoperation. Consequently K is a

hyperring of type 2.
O

Remark 2.16. In structure (K, ®, ®) although H is totally hyperring,
K is not totally. The next example is such a hyperring.

Example 2.17. Consider H = ({e,a,b},0,*) and R = (Zs,+,-) be
as follow:

o| e a b x| e a b
el|{e,al H H el{e,al H {ea}
a| H {ea} {ea} a| H {ea} H
b| H {ea} {ea} bl{e,a} H {ea}

+10 1 101

010 1 0[{0 O

110 10 1

Set Ag = {e,a,b}, Ay = {c}. Then we have the following hyperopera-
tions:

&) ‘ e a b c ® ‘ e a b c

e |{e,a} H H ¢ e|H H H H

a| H {ea} {ea} c a|H H H H

b| H {ea} {e,a} c b|H H H H

c c c c H c|H H H c
(K, ®) is not a strongly associative hypergroup and (K, ®,®) is not
also SDIS. Indeed, ¢®(che) # (che)Pe and cO(adb) # (cOa)B(cOb).

So (K, ®,®) is not a totally hyperring, but H is totally.

Now, we construct a totally hyperring. Let (R, +,-) be a ring and
{A(g)}4er be a family of non-empty sets such that

(1) V9,9 € Rg# g = Alg) N Ag) =0,

(2) g¢ R-R=|A(g) |=1.
Set Hr = U,cp A(g) and define the following hyperoperations & and
® on Hg: Ya,b € Hg, 39,9 € R such that a € A(g),b € A(g'), set
a®b=Alg+g),a®b=A(g-g). Forall g,g € R,and u € A(g),v €
A(g'), we have:

(D udv=Alg+g)=A(g) @ Alg),
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(2) uev=Ag-g)=Alg) ® Alg).
Theorem 2.18. Hpg is a totally hyperring.

Proof. According to the results of [7], the hyperoperations of Hp are
strongly associative and so Hp is a hyperring of type 1 and type 2. We
show that Hg is a SDIS hyperring. Let {z,y,2} C Hg. Then, there
exists {g,¢',¢9"} C R such that = € A(g),y € A(g),z € A(g"). Let
tey®z=A¢g +g ), ucAlg-g)andv € A(g-g'),soucrOy
and v € ¢ ® z. Then, we have:

2Ot=A(g- (g +9)=Alg-g +9-9)=Alg-g)BA(g-g") = udw.

Moreover, let s € 2Oy = Al(g-g),t€x0z= Alg-g') and w €
A(g +4g"), s0w € y @ z. Then we have

row=Alg- (4 +9)=Alg-gd +9-9g)=Alg-g)@A(g-g") = st.

Hence Hp is left strongly distributive. Similarly it is right strongly
distributive. Therefore Hg is SDIS and so it is a totally hyperring. [J

Definition 2.19. Let (R, ®, %) be a hyperring. If (R, ®) is complete,
then we say that R is @& — complete. If (R, ) is complete, then we say
that R is x — complete and if both (R, ®), (R, *) are complete, then we
say that R is complete.

In hypergroups every complete semihypergroup is strongly associative
(see [7]), but complete hyperrings are not totally. The next example is
such a hyperring.

Example 2.20. Let R = ({a, b}, +, %), where

‘ *‘a b

a b
a b a|{a,b} {a,b}
b a b|{a,b} {a,b}

be a hyperring. Then, R is a complete hyperring that is not a totally
hyperring.

+
a
b

Proposition 2.21. FEvery complete hyperring is a hyperring of type 1
and type 2.

Proof. Using ( [7], Corollary 2.13). O
Remark 2.22. Every SDIS complete hyperring is totally hyperring.

Remark 2.23. According to the Theorem 2.18 and ( [5], 5.2.21), Hp is
a totally complete hyperring.
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Let (Ry,+1,*1) and (Rs, 42, *2) be two hyperrings. On R; X Ry, we
can define hyperproducts as follow:
(21, 22) © (y1,92) = {(z, y)|r € 21 +1 Y1,y € T2 +2 y2},

(21, 72) © (y1,¥2) = {(z,Y)|r € 21 %1 Y1,y € T2 %2 Yo}
The structure (R; X Rs,®,®) is called the direct product of R; and

Rs.

Theorem 2.24. Let (Ry,+1,%1) and (Rs,+o,%2) be two hyperrings.
Then,

(1) If Ry and Ry are two hyperrings of type 1, then (R X Ry, ®,®)
s a hyperring of type 1.

(2) If Ry and Ry are two hyperrings of type 2, then (Ry X Ry, @, ®)
15 a hyperring of type 2.

(3) If Ry and Ry are two SDIS hyperrings, then (Ry X Ry, ®,®) is
a SDIS hyperring.

Proof. By ( [7], Theorem 2.14) we have both (1) and (2).

(3) Let {(z1,72), (Y1,92), (21,22)} C Ri X Ro. If (t1,t2) € (y1,2) ©
(z1,22), then t; € y; %1 21,t2 € Yo *9 25. Since Ry and Ry are SDIS
hyperrings, there exist u; € 141y, and v; € x1+1 21 also us € xo+2Ys
and vy € To+929 such that xy*t; = u;+1v1 and xTo*qty = us+ovy. Thus
(t1,t2) € (y1,2) © (21, 22) and (71, 29) © (t1,t2) = (u1,uz) @ (vi,v2).
Now let (s1,82) € (z1,22) ® (y1,y2) and (t1,t2) € (x1,22) © (21, 22).
Therefore sy € x1 *1 y1,t1 € X1 *1 21,52 € Ty *9 Yo, ta € Xy %9 25.
Since R; and Ry are SDIS hyperrings, there exist wy € y; +1 21 and
Wy € Yo +9 29 such that X1k W, = S1 +1 tl and XTo k9 Wo = S9 49 tz.
Thus (21, x2) © (w1, ws) = (1, 2) @ (t1,t2). Therefore Ry X Ry is a left
strongly distributive. Similarly, it can be checked that Ry x Ry is a
right strongly distributive and this completes the proof. U

Corollary 2.25. If Ry and Ry are two totally hyperrings, then (Ry X
Ry, ®,®) is a totally hyperring.

Example 2.26. (Z; x R, ®,®) is a totally hyperring, where Z, and R
are hyperrings in the following tables, respectively:

+1 ‘ r Yy *q ‘ r Yy

r |z vy r|r T

yily yl|r y
+2| e a b x| e a b
e |{e,a} H H e |{e,a} H {e,a}
a | H {ea} {ea} a| H {ea} H
b H {ea} {e,a} b |{e;a} H {ea}
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<) 1= (xz,e) 2= (r,a) 3=(z,b) 4= (y,e) 5= (y,a) 6= (y,b)
I=(ze)| {L2@ {L23} {123} {45} {4,56] {4,56}
2=(z,a)| {1,2,3} {1,2} {1,2} {4,5,6} {4,5} {4,5}
3=(x,b)| {1,2,3} {1,2} {1,2} {4,5,6} {4,5} {4,5}
4= (y,e)| {4,5} {4,5,6}  {4,5,6} {1,2} {1,2,3} {1,2,3}
5=(y,a)| {4,5,6} {4,5} {4,5} {1,2,3} {1,2} {1,2}
6 =(y,b) | {4,5,6} {4,5} {4,5} {1,2,3} {1,2} {1,2}

® 1=(x,e) 2= (x,a) 3= (zx,b) 4= (y,e) 5= (y,a) 6= (y,b)
1= (x,e)| {1,2} {1,2,3} {1,2} {1,2} {1,2,3} {1,2}
2=(z,a)| {1,2,3} {1,2} {1,2,3} {1,2,3} {1,2}  {1,2,3}
3=(x,b)| {1,2} {1,2,3} {1,2} {1,2} {1,2,3} {1,2}
4= (y,e)| {1,2} {1,2,3} {1,2} {4,5} {4,5,6} {4,5}
5=(y,a)| {1,2,3} {1,2} {1,2,3} {4,5,6} {4,5} {4,5,6}
6=(y,b) | {1,2} {1,2,3} {1,2} {4,5} {4,5,6} {4,5}

3. ON TOTALLY KRASNER HYPERRINGS

Definition 3.1. (See [11]). A Krasner hyperring (R, +,-,0, 1) is a non-
empty set R such that (R, +,0) is a canonical hypergroup and (R, -, 1)
is a commutative monoid which satisfies the following conditions:
(1) z-(y+z)=(z-y) +(x-2),(y+z)z=(y z)+(z ) foral
x,y,2 € R,
(2) 2:0=0=0-z, forall z € R,
(3) 0#1.

Remark 3.2. Every Krasner hyperring is a hyperring of type 2.

Example 3.3. (See [10], 2.7 ). Let R = (R, +, ), the underlying set
is the set of real numbers and the multiplication is the usual multipli-
cation of real numbers. The (hyper)addition is given as follows:

{z} if |z[>|y]
Tty = {y} if |z[<|y]
{z} if x=1y
[=lzl 2] if 2= -—y

Then, R is a Krasner hyperring.
Theorem 3.4. A Krasner hyperring R is a SDIS hyperring if and only
iof it is a ring.
Proof. Suppose that (R, +, -) is SDIS Krasner hyperring. We show that

for all 0 # z € R, (x + (—z)) = 0. Let a € R. Since R is SDIS, for
every t € x + (—x) there exist u = a - x and v = a - (—z) such that
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a-t=u+v=a-x+a-(—x) Set t = 0,a = 1. Then, we have
0=1-0=01-2)+(1:(-2)) =z + (—=z), thus (z + (—z)) = 0. Now
let b,c € R and «, 3 € b+ c. We have

acb+c
=cca—>b
=0e€btc=c+blCa—-b+b=q«
=a=0.

Thus, for all (b,c) € R? |b+ ¢/ = 1 and hence (R,+) is a group.
Therefore (R, +,-) is a ring. The converse is obvious. O

Corollary 3.5. Fvery Krasner hyperring is a ring if and only if it is
totally.

4. STRONGLY HYPEROPERATIONS IN HYPERRING OF SERIES

In this section we construct a hyperring of series over hyperrings.
Let (R,+,-) be a commutative hyperring such that (R,+) is regular
hypergroup. A series with coefficients in R is an infinite sequence
(ag,ay, ..., ap,...) in which all a; belong to R. The set of all series
with coefficients in R will be denoted as usual by R[[z]]. Two series
(ag, @1, ..., Gp, ...) and (b, by, ..., by, ...) are equal if and only if a; = b;,
for all i € NU {0}. For all (ag,ai, ..., an,...), (bo, b1, ..., by, ...) € R[[7]]
we define:

(CLQ, Aty ..., Ap, ) b (bo, b17 ceny bn7 ) = {(CO, C1y ...y Cp, ) | c; € a; + bl}

and

(a0, @1, - Gy o) O(bo, b1, oves by ) = {(Coy €1, eons Oy ) [ € €Y arebi}
k=i

More about the hyperring of series can be found in the original article

of Jancié-Rasovié [9].

Theorem 4.1. (See [5], 5.6.2). (R[[z]],®,®) is a general hyperring.

Theorem 4.2. If R is a hyperring of type 1, then R|[x]] is of type 1.

Proof. Let (ag,ay, ..., an,...), (bo, b1y ...y b, ...), (Co, €1y ooy Cny o) € R[[7]]
and

(to, t1y ey ln, ) S (CL(), A1y ..ey Ay, ) ) (bg, bi,...,bp, )
Since (R, +) is strongly associative, so for all t; € a; + b;, there exist
s; € b; + ¢; such that t; + ¢; = a; + s;. Thus

(to, tl, ey tn; ...)@(Co, Cly ...y Cp, ) = (ao, A1y .eey Ap, ...)@(So, S1y 40y Sns )
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and
(80, S1y a0y Sny ) € (bo, bl, ceey bna ) D (Co, Cly ...y Cp, )

Therefore R|[[z]] is a right strongly associative hyperoperation. Simi-
larly it is a left strongly associative hyperoperation. So (R[[z]], &, ®)
is a hyperring of type 1. O

In the following, by example we show that if (R, -) be strongly asso-
ciative, then (R[[z]], ®) is not strongly associative necessarily.

Example 4.3. Let (R = {0,1},+,-), where

+[0 1 |01
0/0 1 0[0 0
11 {o,1} 1{0 1

Consider X = (0,1,1,...),Y = (1,1,0,...), Z = (1,0,0, ...) € R[[z]]. We
have

T=(0,10,..)e XoY ={(0,1,{0,1},{0,1},...)}
and T®Z = (0,1,0,...). But there is not an element like S = (s, s1, ...)
belongs to Y ® Z = (1,1,1,0,...) such that T © Z = X ® S.

Corollary 4.4. If R is a hyperring of type 2, then R[[x]] is not of type
2 necessarily.

Example 4.5. The following hyperring is a SDIS hyperring but R[[x]]
is not a SDIS hyperring.

+] 0 1
0] 0 {01} {0,1}
1]{0,1} {0,1} {0,1}

Now, let a = (1,0,0,0,...), b = (1,1,0,0,0,...) and ¢ = (0,0, 1,0,0,0, ...).
Ifz=(0,0,1,0,0,0,0,...) € a®(bdc), then a®u = {(0,14, 7, ...)|i, J, ... €
{0,1}}, for every u € b® c. Moreover, y = (1,0,0,0,...) Ea®bDabGec,
but y ¢ a ® .

- 10
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