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Abstract

We introduce and study the direct product of a family of fuzzy
hyperalgebras of the same type and present some properties of it.

Key words: Fuzzy hyperalgebras, Term function, Direct product.
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1 Introduction

In this section we present some definitions and simple properties of hy-
peralgebras which will be used in the next section. In the sequel H is a
fixed nonvoid set, P*(H) is the family of all nonvoid subsets of H, and for a
positive integer n we denote for H™ the set of n-tuples over H (for more see
[1]).

Recall that for a positive integer n a n-ary hyperoperation [ on H is a
function g : H® — P*(H). We say that n is the arity of 8. A subset S
of H is closed under the n-ary hyperoperation (3 if (z1,...,z,) € S™ implies
that B(x1,...,2,) € S. A nullary hyperoperation on H is just an element of
P*(H); i.e. a nonvoid subset of H.

A hyperalgebra H = (H,(8;,| ¢ € I)) (which is called hyperalgebraic system
or a multialgebra ) is the set H with together a collection (5;,| i € I) of
hyperoperations on H.
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A subset S of a hyperalgebra H=(H, (/3;,: i € I)) is a subhyperalgebra of H if S
is closed under each hyperoperation f3;, for all i € I, that is 5;(a4, ..., a,,) C S,
whenever (aq, ...,a,,) € S™. The type of H is the map from [ into the set
N* of nonnegative integers assigning to each ¢ € [ the arity of 3;. Two
hyperalgebras of the same type are called similar hyperalgrbras.

For n > 0 we extend an n-ary hyperoperation 3 on H to an n-ary operation
B on P*(H) by setting for all Ay, ..., A, € P*(H)

B(A1, ..., An) = U{B(ar,...;an)|a; € Aj(i =1,...,n)}

It is easy to see that (P*(H), (B3, : i € I)) is an algebra of the same type of
H.

Definition 1.1 Let H=(H, (3; : i € I)) and H=(H, (5,
similar hyperalgebras. A map h from H into H is called a
(i) A homomorphism if for every i € I and all (ay,...,a,,) € H™ we have
that

i € 1)) be two

h(ﬁi((ala LERE) &m)) g Bi(h(&1>7 ) h(am))f
(17) a good homomorphism if for every i € I and all (ay,...,a,,) € H™ we
have that

h(Bi((a1, ..., an,)) = B;(h(a1), ..., h(ay,)).
Definition 1.2 Let H be a nonempty set. A fuzzy subset i of H is a function
p:H—[0,1].

Definition 1.3 A fuzzy n-ary hyperoperation f" on S is a map f" : S X

- x S — F*(5), which associated a nonzero fuzzy subset f™(ay,...,a,)
with any n-tuple (aq,...,a,) of elements of S. The couple (S, ™) is called
a fuzzy n-ary hypergroupoid. A fuzzy nullary hyperoperation on S is just an
element of F*(S); i.e. a nonzero fuzzy subset of S.

Definition 1.4 Let H be a nonempty set and for every i € I, 3; be a fuzzy
n;-ary hyperoperation on H, Then H=(H,(3; : i € I)) is called fuzzy hyper-
algebra, where (n; 1 i € 1) is type of this fuzzy hyperalgebra.

Definition 1.5 If jiq, ..., jt,, be n; nonzero fuzzy subsets of a fuzzy huperal-
gebra H=(H, (B; : i € 1)), we define for allt € H

ﬂi(ula--'aﬂm)(t) = \/ (Ml(xl)/\/\ﬂm(xnz)/\ﬁl(xh?xm)(t))

Finally, for nonempty subsets Ay,..., A,, of H, set A = A3 x ... x A,,.
Then for allt € H

ﬁk(‘qlv s 7Ank>(t) = \/(al ~~~~~ ank)GA(ﬁk(ah s 7ank)<t>)'

4



Fuzzy hyperalgebras and direct product

For nonempty subset A of H, xa denote the characteristic function of A .
Note that, if f: Hi — Hs is a map and a € Hy, then f(Xa) = Xf(a)-

Definition 1.6 Let H = (H,(5;:i € I)) and H' = (H', (8} : 1 € I)) be two
fuzzy hyperalgebras with the same type, and f: H — H' be a map. We say
that f is a homomorphism of fuzzy hyperalgebras if for every i € I and every
ai,...,a,, € H we have

f(ﬁi(ah s 7am‘)) S ﬁ;(f(al)a te 7f<anz))

Let H=(H,(B; : i € I)) be a fuzzy hyperalgebra then, the set of the
nonzero fuzzy subsets of H denoted by F*(H ), can be organized as a universal
algebra with the operations;

(%1500, JEH™
for every i € I, py,...,pu,, € F*(H) and t € H. We denote this algebra by
F*(H).

In [3] Gratzer presents the algebra of the term functions of a universal
algebra. If we consider an algebra B=(B, (f3; : i € I)) we call n—ary term
functions on B (n € N) those and only those functions from B™ into B, which
can be obtained by applying (i) and (ii) from bellow for finitely many times:
(i) the functions el : B — B, e(x1,...,2,) = x;, i =1,...,n are n—ary
term functions on B;

(ii) if p1, ..., pn, are n—ary term functions on B, then 5;(p1,...,py,) : B" —
B?

Bi(p1y -y ) (@1, xn) = Bilpr(xe, ..oy xn), oo Dn, (1, ..., xy,)) is also a
n—ary term function on B.

We can observe that (ii) organize the set of n—ary term functions over B
(P™)(B)) as a universal algebra, denoted by B™ (B).

If H is a fuzzy hyperalgebra then for any n € N, we can construct the algebra
of n—ary term functions on F*(H), denoted by B™ (F*(H)) = (P™ (F*(H)), (3; :
iel)).

2  On the Direct Product of Fuzzy Hyperal-
gebras

Proposition 2.1 Let H=(H, (5; : i € I)) and B=(B, (5; : i € 1)) are fuzzy
hyperalgebras of the same type, h : H — B a fuzzy homomorphism and
p € PM(F(H)). Then for all a,...,a, € H we have h(p(Xay;- -, Xa,)) C

p(h'<Xal)7 ety h(Xan))
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Proof. The prove is by induction over the steps of construction of a
term.

Remark 2.1 Ifh: H — B be fuzzy good homomorphism then
hp(Xars - -+ Xan)) = P(M(Xar), - - -, P(Xan))-

Remark 2.2 We can easily construct the category of the fuzzy hyperalgebras
of the same type, where the morphisms are considered to be the fuzzy ho-
momorphisms and the composition of two morphisms is the usual mapping
composition and we will denote it by FHA

Definition 2.1 Let ¢,p € P™(F(H)). The n—ary (strong) identity p = q
is said to be satisfied on a fuzzy hyperalgebra H if

P(Xars - -+ Xan) = 4(Xays - - - Xan)
for all ay,...,a, € H. We can also consider that a weak identity p N q # &
1s said to be satisfied on a fuzzy hyperalgebra H of

p(Xa17"'7X(ln)/\q<Xal7"'7Xan) >O
forall ay,...,a, € H.

Definition 2.2 Let ((Hy, (BF :i € 1)),k € K) be an indexed family of fuzzy
hyperalgebras with the same type. The direct product [ [, o, Hi is a fuzzy hy-
peralgebra with univers Uye e Hy, and for everyi € I and (a)rerc, - - -, (@) )kek
Hyex Hy, :

B (@brercs - (@ ner) (t)ren = N\ B (aks- - ai)(t)

keK

Theorem 2.1 The fuzzy hyperalgebra ], . Hi constructed this way, to-
gether with the canonical projections, is the product of the fuzzy hyperalgebras
(Hy, k € K) in the category FHA.

Proof. For any fuzzy hyperalgebra (B, (82 :i € I)) and for any family
of fuzzy hyperalgebra homomorphisms (o : B — Hy|k € K) there is only
one homomorphism « : B — Ilcx Hy such that o = ﬁ,ﬁ{ o« for any k € K.
Indeed, there exists only one mapping « such that the diagram is commuta-

tive.

Mger H




Fuzzy hyperalgebras and direct product

This mapping is defined by «(b) = (ag(b))rex. Now we have to do is to
verify that « is fuzzy hyperalgebra homomorphism. If we consider i € [
and by,...,b,. € B, (ty)vex € Upex Hy then if r € o™ ((tx)rex) we have
a(r) = (ty)rex and a(r) = (ax(r))kek, hence Vk € Kt = ag(r), it means
that Vk € K;r € a;'(t), therefore Vk € K;a Y ((t)rer) C ' (tg). We
have

BP0tk =\ (BP (b1 b)) (1)

rea ((tk)rek)
< \/ ﬁZBa)lv?bm))(S) :ak(ﬁz‘B(bh”'vbm))(tk)

seay, ! (t))

then
a(BE(br, .- b)) (ti)kerx <\ ar(BP (b, ... bw,)) (1)
< /\ B (aw(br), -, awlba)(tr) = B (abr), ..., a(bn,)) (t)ker

keK
Which finishes the proof.0

Proposition 2.2 For everyn € N, p € PO (F(H)) and (a})rex, - - -, (@) rex,
we have

p(X(allc)keK’ SR 7X(a2)keK>(tk)k€K = /\ p(Xaia SR 7Xaﬁ)<tk)
keK

Proof. We will use the steps of construction of a term.
i.lffp=-el(j=1,2,...,n) then

p(X(allc)keK7 cee 7X(aZ)keK>(tk>k€K - e'ZL(X(allc)keKa s 7X(aZ)keK)(tk)k€K
= X))o (tk)rek
= N ehxa- s Xap) (t)
keK
= /\ p(Xallca s 7Xa2)(tk)
keK

2. Suppose that the statement has been proved for py,...,p,, and that
p=0i(p1,...,pn,). Then we have
p(X(allc)keK’ RN 7X(a2)kek.)(tk)k€[( = 6i<p17 R ’pni)(X(allc)keK’ B ’X(QZ)keK)(tk)kEK
= ﬁi(pl(X(a}C)keK, - ,X(ag)keK), - ’pni(X(ai)keK’ o ’X(az‘)keK))(tk)keK

- \/ [pl (X(alle)keK’ e ’X(az)keK)(si’)kEK/\' : '/\p”i(X(a}g)keK’ te ’X(aZ)keK)
(Si)keK ----- (Szi)keK
(51 )ker A Bi((sp)rescs - -5 (85 wer) (b ) ke k]
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= \/ [\ pr(Xats - Xap)( A P (Xl Xap) (57 A

St keK (8 ki)kGK keK keK

/\ ﬁz Sk> R SZZ>(tk)]

keK
= /\[ \/ pl(X{z}c77X¢1Z)(Sllc)/\/\pnz(Xa}ca7XGZ)<821>/\52(811'67787]?:1)(7%)]

keK (szlc)keK,--w(SZi)keK

= /\ 61‘(]91()((1,167 B 7Xaz>7 o 7pni<Xa,1€7 SR 7Xa2))(tk)

keK

= A Bilprs- P (Xt - Xap) ()
keK

= /\ p(Xa,i? Ce 7Xag)(tk)-
keK

which finishes the proof of the proposition.O

Theorem 2.2 If ((Hy, (8F :i € 1)),k € K) be an indezed family of fuzzy hy-
peralgebras with the same type I such that pNq # @ is satisfied on each fuzzy
hyperalgebra Hy, then is also satisfied on the fuzzy hyperalgebra [], o, Hy.

Proof. Let p,q € P™(F*(H)) and suppose that p N q # @ is satisfied
on each fuzzy hyperalgebra Hj. This means that for all £ € K and for any
ay,...,ay € Hy we have p(Xai, e 7XGZ)AQ<X¢1,1€’ -y Xar) > 0. By proposition
3.7 , we conclude that

p(X(ai)keK’ e ’X(“Z)keK) AT (X X(@a e ’X(“Z)keK) -
/\p 7"'7Xa2)/\/\Q(Xakﬂ"anZ)
keK

/\ Xak "'7XaZ)AQ(Xai7""XaZ)>>O
eK

and the proof is finished.O

Theorem 2.3 If ((Hy, (8F :i € 1)),k € K) be an indezed family of fuzzy hy-
peralgebras with the same type I such that p = q is satisfied on each fuzzy hy-
peralgebra Hy, then p = q is also satisfied on the fuzzy hyperalgebra [ ], o, Hi.

Proof. Let p,q € P™(F*(H)) and suppose that p = ¢ is satisfied on
each fuzzy hyperalgebra Hj. This means that for all £ € K and for any
a,...,ay € Hy we have p(Xa}C, o Xar) = q(Xa}c, .-+ Xar). By proposition
3.7 , we conclude that

P(X(a) g X per) = /\ POXat s Xap)
keK

= /\ Q<Xallca ce 7Xa};)

keK
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=T (X@hger - Xla) ger)
and the proof is finished.O
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Abstract

Let R be a I'-hyperring and M be an I'-hypermodule over R. We
introduce and study fuzzy Rp-hypermodules. Also, we associate a I'-
hypermodule to every fuzzy I'-hypermodule and investigate its basic
properties.

Key words: I'-hyperring, I'-hypermodule, fundamental relation,
fuzzy I'-hypermodule.

MSC2010: 20N20.

1 Introduction

Hyperstructure theory was born in 1934 when Marty [13] defined hy-
pergroups, began to analysis their properties and applied them to groups.
Algebraic hyperstructures are a suitable generalization of classical algebraic
structures. Zadeh [18] introduced the notion of a fuzzy subset of a non-empty
set X, as a function from X to [0, 1]. Rosenfeld [15] defined the concept of
fuzzy group. Since then many papers have been published in the field of
fuzzy algebra. In [16], Sen, Ameri and Chowdhury introduced the notions of
fuzzy hypersemigroups and obtained a characterization of them. Then in [10],
Leoreanu-Fotea and Davvaz introduced and analyzed the fuzzy hyperring no-
tion and in [11], Leoreanu-Fotea introduced the fuzzy hypermodule notion
and obtained a connection between hypermodules and fuzzy hypermodules
(for more information about fuzzy hypersrtuctures see [1]-[6]). The notion
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of a T-ring was introduced by N. Nobusawa in [14]. Recently, W.E. Barnes
(7], J. Luh [12], W.E. Coppage studied the structure of I'-rings and obtained
various generalization analogous of corresponding parts in ring theory. In [3]
Ameri, Sadeghi introduced the notion of I'-module over a I'-ring.

Now in this paper we introduced and study fuzzy I'-hypermodules as
generalization of I'-hypermodule as well as fuzzy modules. The paper has
been prepared in 5 sections. In section 2, we introduce some definitions and
results of I'-hypermodules and fuzzy sets which we need to developing our
paper. In section 3, we introduced and study fuzzy I'-hypermodules and
obtain its basic results. In section 4, we study fundamental relation of fuzzy
[-hypermodules.

2 Preliminaries

In this section, we present some definitions which need to developing our
paper. As it is well known a hypergroupoid is a set together with a function
o: Hx H — P*(H), which is called a hyperoperation, where P*(H)
denotes the set of all nonempty subsets of H. A hypergroupoid (H, o), which
is associative, that is z o (yo z) = (xoy) oz for all x,y,z € H is called a
semihypergroup. A hypergroup is a semihypergroup such that for all z € H
we have x o H = H = H o x (called the reproduction axiom). We say that
a hypergroup H is canonical hypergroup if it is commutative, it has a scalar
identity, every element has a unique inverse and it is reversible (for more
details of hypergroups see [9]).

Definition 2.1. The triple (R,+,.) is a hyperring (in the sense of Krasner)
if the following hold: (i) (R,+) is a commutative hypergroup;

(17) (R,.) is a semihypergroup;

(1ii) the hyperoperation ”.” is distributive over the hyperoperation "+ 7, which
means that for all r,s,t of R we have: r.(s+t) =r.s+ rt and (r + s).t =

rit+ s.t ( for more about hyperrings see [9] and [11]).

Definition 2.2. Let (R,W,0) be a hyperring. A nonempty set M, endowed
with two hyperoperations @, ® is called a left hypermodule over (R,W,0) if
the following conditions hold:

(1) (M,®) is a commutative hypergroup;

(2) @ : Rx M — P*(M) is such that for all a,b € M and r,s € R we have
(i) r©(a®b)=(r©a)®(robdb);

(17) (rds)©a=(roa)®(s®a);

(i1i) (ros)®a=r®(s®a).

For more details about hypermodules see [8], [9], [?] and [18]).

12
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Definition 2.3. ([7]) Let R and ' be additive abelian groups. We say that
R is a I' — ring if there exists a mapping

T RXxI'XR— R
(r,y,1") — 1oy’ (=ryr')

such that for every a,b,c € R and o, 3 € T', the following conditions hold:
(i) (a+b)ac = aac + bac;

ala + B)e = aac + afc;

ac(b+ ¢) = aab + aac;

(77) (aab)fc = aa(bfc).

Definition 2.4. Let R be a I'-ring. A (left)gamma module over R is an
additive abelian group M together with a mapping .: RxT' X M — M

( the image of (r,~y,m) being denoted by rym), such that for all m, my, ms €
M and v,v1,v2 € I' and r,r1,r9 € R the following conditions are satisfied:
(GMy)  ry.(my+mg) = ry.my + royams;

(GMs)  (rq +1r2).y.m =ri.y.m+ roy.m;

(GM3) 1.y +72).m=ry.m+roy.m;

(GMy)  11.7.(re.v2.m) = (r1.71.72) 2. m.

A right gamma module over R is defined in analogous manner. In this case
we say that M is a left(or right) Rp-module (for more details about gamma
modules see [2]).

Let (H,o) be a hypergroupoid. If {A, B} C P*(H) and p is an equivalence
relation on H, then we denote ApB if

Vae A, dbe B:apb, and, Ybe B, da€ A: apb.

We denote A p B ifVa € A, Vb€ B we have apb.
An equivalence relation p on H is called regular (strongly regular) if for
all a,a’,b,b" of H. The following implication holds:

apb,a’'pb) = (aod)p(bob)

(apb,a’'pb’ = (aod)p(bod)).

Theorem 2.1. (/17]) Let (M, +,.) be a hypermodule over a hyperring R, let
0 be an equivalence relation on M and let p be an strongly reqular relation
on R. The following statements hold:

(1) if & is strongly reqular on M and Vz,y € M and ¥Vr € R the hyperopera-
tions:

13
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0(x) ©o(y) ={0(2) | z€ x4y} and p(r)©d(z) ={0(2) | z € ra},

is define a module structure on M/§ over R/p;
(2) if (M/d,®,®) is a module over R/p, then § is strongly reqular on M.
The relation 0* is the smallest strongly regular relation on the hypermod-
ule (M, +,.) such that (M/§,®,®) the quotient structure (M/0,®,®) is a
module over the ring R/p, and it is called the fundamental relation over
hypermodule M .

Hence, ¢* is the smallest equivalence relation on M, such that M/§* is
a module over the ring R/p*, where p* is fundamental relation on R. If we
denote by U the set of all expressions consisting of finite hyperoperations
either on R and M or the external hyperoperation applied on finite sets of
elements of R and M, then we have

zdy <= Ju € U, such that {z,y} C u.

d* is the transitive closure of 4. In the fundamental module (M/§*, &, ®)
over R/p*, the hyperoperations @ and ® are defined as follows:

Ve,y € M and Vz € §*(z) ® 6*(y), we have 6*(x) ® §*(y) = 0%(2); Vr €
R, Yx € M and Vz € 6*(r).0"(x), we have p*(r) ® 6*(x) = 0*(2), (for more
details about the fundamental relation on hyperstructures see [8] and [9]).

Definition 2.5. A multivalued system (R,+,.) is a I'-hyperring if the fol-
lowing hold:

(i) (R,+) and I are canonical hypergroups;

(i1) (R,.) is semihypergroup.

(13i) (.) is distributive with respect to (+), i.e., for all x,y,z in R we have
r.(y+2)=(z.y) + (2.2) and (v +y).2 = (v.2) + (y + 2).

Definition 2.6. Let (R, W, 0) be a I'-hyperring and (I',*) be a canonical hy-
pergroup. We say that (M, +,.) is a left I' — hypermodule over R, if (M, +)
be a canonical hypergroup and there exists a mapping

R xT x M — P<(M)
(ry,m) — r-y-m

such that for every r,s € R and o, € T and a,b € M, the following
conditions are satisfied:

(GHM;) (i) (rWs).c.a=r.a.a+ s.o.q;

(i) r(axf).a=raa+rp.a;

(1i1) r.a.(a+b) =r.a.a+r.a.b;

(GHM,) (roaos).f.a=r.a.(sf.a).

14
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A right I'-hypermodule of R is defined in a similar way. In this case we say
that M is a Rp-hypermodule.

3 Fuzzy Gamma Subhypermodules

In the sequel R is a I'-hyperring and all gamma hypermodules are con-
sidered over R. In [16] M.K. Sen, R. Ameri, G. Chowdhury introduced the
notion of fuzzy semihypergroups, in [10] V. Leoreanu-Fotea, B. Davvaz study
fuzzy hyperrings and V. Leoreanu-Fotea in [11] studied fuzzy hypermodules.
Now in this section we follows these and introduce and studied fuzzy gamma
hypermodules.

Let S and I' be two nonempty sets. F*(S) denotes the set H of all
nonzero fuzzy subset of S. A Fuzzy I' — hyperoperation on S is a map o :
SxTI' xS — F*(S), which associates a nonzero subset a o v o b for all
a,be S and yeT. (S,0) is called a Fuzzy I' — hypergroupoid.

A fuzzy T'-hypergroupoid (S, o) is called a fuzzy I'-hypersemigroup if for
all a,b,c € S and o, € I', we have aoao (bofoc) = (aocaob)ofoc,
where for any p € F*(S), we have (aoyopu)(r) = \,cq((@aoyot)(r) A pu(t))
and (poyoa)(r) = \,es(u(t) A (toyoa)(r)) forallr € S,y €.

If A is a nonempty subset of S and z € S, then for all r € S,y € I" we
have:

(zoyoA)(r)=\/(zoyoa)r),

acA

and
(Aovyox)(r)=\/(aoyox)(r).
acA

A fuzzy T'-hypersemigroup (S, 0) is called a fuzzy T'-hypergroup if for all
a€ Sandyel, wehaveaoyoS = Soyoa=yg. Wesay that an element
e of (S, 0) is identity (resp. scalar identity) if for all s,r € S,y € I, we have

(eovyor)(r)>0, and (ro~yoe)(r)>0,

((eovyor)(s) >0, and (rovyoe)(s) >0 itfollowsr =s).

Let (S,0) be a fuzzy hypergroup, endowed with at least an identity. An
element a’ € S is called an inverse of a € S if there is an identity e € S, such
that

15
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(aoa')(e) >0, and (a'oa)(e) > 0.

Definition 3.1. A fuzzy hypergroup S is regular if it has at least one identity
and each element has at least one inverse.

A regular fuzzy hypergroup (S, o) is called reversible if for any x,y,a € S, it
satisfies the following conditions:

(1) if (aox)(y) > 0, then there exists an inverse ay of a, such that (aoy)(x) >
0;

(2) if (xoa)(y) > 0, then there exists an inverse as of a, such that (yoas)(z) >
0.

Definition 3.2. We say that a fuzzy hypergroup S is a fuzzy canonical if
(1) it is commutative;
(2) it has an scalar identity;
(3) every element has a unique inverse;
(4) it is reversible.
Let p1 and v be two nonzero fuzzy subsets of a fuzzy I'-hypergroupoid (S, o).
We define

(moyor)(t) =\ (up) A(poyoq)(t) Av(g),Vt e S,y €eT.
p,q€S

In the following we introduce and study fuzzy gamma hyperrings .

Definition 3.3. Let R, " be two nonempty sets and H,[] be two fuzzy hy-
peroperations on R and ® be a fuzzy hyperoperation on I'. Let (R,HB) and
(I',®) be two canonical fuzzy hypergroups. R is called a fuzzy U'-hyperring if
there exists the mapping:

H:RxTD x R — F*R)
(r,7y,s) — rdy s,

such that for all r,s,t € R, o, 3 € I, the following conditions are satisfied:
(i) rBal(sBt)=rHals)B(rHallt);

(i) r(a@pf)Bs=rHals)B(rEAESs);

(13) (rBs)Dallt=(rHaldt)B(sDaldt);

(w)rdal(sOp0H) =rBals)DpH¢L

Definition 3.4. Let (I',®) be a fuzzy canonical hypergroups. Let (R,H,[)
be a fuzzy I'-hyperring. A nonempty set M, endowed with two fuzzy I'-
hyperoperation ®,® is called a left fuzzy I'-hypermodule over (R,H.[) if
the following conditions hold:

16
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(1) (M, ®) is a canonical fuzzy U'-hypergroup;
(2) ©: RxT'x M — F*(M) is such that for all a,b € M,r,s € R and
a, 8 €T we have

()roac(adb)=rcGada)®(road®b);

(i7) (rBs) Oa@a=r0a®a)®(s®a®a);

(i) ro(a@f)a=roa®a)®(rofoa);

(W) reoa®(s@foa)=(r-a-s)©Loa.
If both (R,H), (I', ®) and (M, ®) have scaler identities, denoted by Og,Or and
Opr, then the fuzzy T'-hypermodule (M, ®,®) also satisfies the condition:

Or ©7©a = Xoy,
TQOF@G:XOr?

Oy O0m = Xoy,

forallr € R,y € I';a € A. Moreover, if (R,1J) has an identity, say
1, then the fuzzy T'-hypermodule (M, ®, ®) is called unitary if it satisfies the
condition.:
for all a of M, we have 1 ® v ® a = Xq.

Clearly, any fuzzy I'-hyperring is a fuzzy ['-hypermodule over itself.
Proposition 3.5. Let (M, +,.) be a module over a ring (R,W,0) and I' = R.
We define the following fuzzy ['-hyperoperations:

for a,b of M, a® b= x{ap},

forallaof M andr € R,y €', rOv®a= X{rvya}

for all 7,5 of R, rlH s = xysy and r L1y [ s = X{roqos)-

Then (M, @, ®) is a fuzzy I'-hypermodule over the fuzzy I'-hyperring (R, B, [J).
Note that the last theorem is satisfied, when M is a I'-module over a ['-ring
R, such that I # R.

Proposition 3.6. Let (R,0) and (S,e) be two fuzzy I'-hyperrings. Let
(M, ®, ®) be aleft fuzzy I'-hypermodule over R and a right fuzzy I'-hypermodule
over S. Then

A=/ 6 TZ | € R,s € S,me M} is a fuzzy I'-hyperring and fuzzy
[-hypermodule over A, under the mappings
x: AxT x A— F*(A)
( T m T MMy ) N
0 s L 0 S1

royory; rOvYOmM OmGoOy©s;
0 Seyes;

17
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such that

(7“0707"1 rOyYOmM OEmMmOyYO s ) (7“2 mQ)

0 S50y e®s; 0 s9
(royor)(rs) (r®7®m1@m®v®81)(mz)):
0 (s oy ®sy)(s2)
1, T9,M9o, S9 7é 0
{ 0, otherwise.

Proof. Straightforward.O

Example 3.7. Let R be a I'-ring and (M, +,.) a I'-module. Consider the
mapping « : M — R. Then M is an fuzzy [-hypermodule over M,
under the following operations:

m@n = m+n. and o : MxI'xM — F*(M)(m,y,n) — moyon = Xa(m).~.n,

for all m,n € M,y €T.
Proposition 3.8. Let (M,+,.) be a I-module over I'-ring R and v be
a nonzero fuzzy I'-semigroup on M. Let p and p be two nonzero fuzzy
[-semigroups on R. For r € R, a,b € M and v € I', define a fuzzy I'-
hyperoperation © on M by

(royo©a)(t) = { w(r) /\Op('y) A’u(a), i 0]; ;ls;;zea

Also, a ® b = X{ays}. It is easy to verify that (M,®,©®) is a fuzzy I'-
hypermodule.

Let S, T" be nonempty sets, and S endowed with a fuzzy I'-hyperoperation o.
For all a,b € S,y € T and p € [0, 1] consider the p-cuts:

(aoyob),={teS: (aoyob)(t) > p}

of a o~y ob, where p € [0, 1].
For all p € [0, 1], we define the following crisp I'-hyperoperation on S:

ao,yo,b=(ao~yob),.

Example 3.9. Let R =1 =7Z and M = Z, for n € N. Define following
fuzzy I'-hyperoperations for all a,b € M,y € I":

a®b= X{ap},Va € M,Vr € R,y €T,

18



On Fuzzy Gamma Hypermodules

rO©y®a= X{a, Vr,se€RVyel,

ry.8 = Xgysy and 17 +s= X, forall a,8€l,

and

al B = X{as,

such that ¥ is denote a typical element in Z,,. Then it is easy to verify that
(M, ®,®) is a fuzzy ['-hypermodule over fuzzy I'-hyperring R and canonical
fuzzy hypergroup (T, ).
Proposition 3.10. Let (M, o) be a fuzzy I'-hyperoperation. For all a,b, ¢, u €
M and «, 8 € T and for all p € [0, 1] the following equivalence holds:

(aoao(bofoc)) >p<=ucao,ao,(bo,o,c).
((acaob)ofoc)=p<=u€ (ao,ao,b)o,o,c.)

Proof. Clearly,

(aoao(bofoc)(w) = \/(@oaot)(u) Abosoc)(t) > p,

teM

if and only if there exists tg € M, such that (a o a o ty)(u) > p and
(bofoc)(ty) > p, which means that u € ao,a0,ty,tg € bo,Fo,c. Therefore,
u€ao,ao,(bo,Bo,c).0
Proposition 3.11. Let (M,®,®) be a fuzzy I'-hypermodule over a fuzzy
[-hyperring (R,H,). Then for all a € M,r € R,y € T, conditions are
equivalence:
(1) a® M=y < Vpe [0,1], a®p M = M,
2)rovyoM=xuy<=Vpel0,1], r©,v©, M = M.
Proof. We only proof (2). Let r @y ® M = xp;. Then for all t € M and
p € [0,1], we have \/,,c,,(r ©y®u)(t) = 1 > p, whence there exists m € M,
such that (r ® v ©® m)(t) > p, which means that ¢t € r ®, v ®, m. Hence,
Vp € [0,1], r@,y®, M = M. Conversely, for p = 1 we have rOyyO1 M = M,
whence for all t € M, there exists u € M, such that t € r ©; v ®; u, which
means that (r © v ® u)(t) = 1. In other words, r ® v ® M = ;.0
Proposition 3.12. The structure (M, ®, ®) is a fuzzy I-hypermodule over
a fuzzy I'-hyperring (R,H,0) if and only if Vp € [0,1], (M,®,,®,) is a
I-hypermodule over the hyperring (R, H,,[,).
Proof. It is straightforward.O
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Consider (M, ®, ®) as a fuzzy [-hypermodule over a fuzzy I'-hyperring (R, 8, [J)
and canonical fuzzy hypergroup (I', ®). Now we follow [8], and define a new
types of I'-hyperoperations on M, R,T", as follows:

Va,b € M, a+b={x € M|(a®b)(x) >0}, Vr,s€ R,

rds={te R|(rBs)(t) >0}, foralla, 3 €T,

axf={yel|(axf)(y) >0}, VacM, VreRVyel,

rya={beM|(royoa)(b) >0}, Vr,se R, Vyel,

royos={te R|(rQ~ys)(t) > 0}.

Proposition 3.13. If (M,®,®) is a fuzzy I'-hypermodule over a fuzzy I'-
hyperring (R,H,[) and canonical fuzzy hypergroup (I', ®), then (M, +,.)
is a I-hypermodule over the I’-hyperring (R, W, o) and canonical hypergroup
(T, %).

Proof. By [10], it is obtained that (R, W), (I',*) and (M, +) are canonical
hypergroups. It is sufficient to verify (M, .) is a I-hypermodule. We consider
the following cases:

Case: (i)

(rws).y.a=(r~y.a)+(s~y.a), forall r,se Ryel,ae M.

Suppose that z € (r¥s).v.a = Uy, ¥ ©7 ©@a. Then (y © v ©a)(z) >0
and (r B s)(y) > 0, for some y € r W s, and hence Vpepn ((r B s)(p) A
(p®vy©®a)(z) > 0. Thus ((rBs) ® vy ®a)(x) > 0, which implies that
(rovyoa)®(s®y®a))(z) > 0. Thus there exist z,t € M, such that
(z@t)(z) >0, (roy®a)(z) > 0and (s©y®a)(t) > 0ie., x € z+t,z € ry.a
and t € s.y.a and hence z € (r.y.a) + (s.y.a). Therefore, (r W s).y.a C
(r.y.a) + (s.y.a). Similarly, we can show that (r.y.a) + (s.y.a)t C (r¥s).y.a.
Therefore, (r W s).y.a = (r.y.a) + (s.7.a). The other conditions are verified
similarly and omitted. O
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On the other hands, if (M,+,.) is a [-hypermodule over a I'-hyperring
(R,W,0), then we define the following fuzzy I'-hyperoperations:

a®b = X{atp},Va,b € M,rHs
= Xpuwsp Vs € R,y el rOy0a
= Xfrvyap,Va€ M,r € Ryrdy[s
= X{royos}, Vs € R,Vy €T, 3
X{axgiVa, B €T, a® 3.

The next result is immediately follows from above discussion and [14].
Proposition 3.14. For every hypergroup (M, +), there is an associated
fuzzy hypergroup.

Proposition 3.15. Let (M, +,.) be a I'-hypermodule over a I'-hyperring.
Let (R, 4, 0) be a canonical hypergroup (I, x). Then (M, ®,®) is a fuzzy I'-
hypermodule over a fuzzy [-hyperring (R, H,[J) and canonical fuzzy hyper-
group (I', ®), where the fuzzy hyperoperations @, ®,H, ] and ® are defined
above.

Proof. By Proposition 3.14, (M, ®) is a commutative fuzzy I'-hypergroup.
We show that (M, ®) is canonical. Since (M, +) is canonical I'-hypergroup,
then there exists e € M\Va € M, a=e+a=a+e — (e®a)la)=
X{eta}(@) > 0,(a @ e)(a) = X{eta}(a) > 0 and because for all a € M there
exists b € M, such that e € a4+ bNb+ a, b) is the inverse of a with respect
to +). Then

(a ®b)(e) = X{atv}(€) = X{b+a}(€) = (bD a)(e) > 0.
Let (a @ 2)(Y) = Xfata}(¥) >0 =y €a+ax = 3T b ( the inverse of
a such that z € b+y = (b®y)(z) = X{p+y(x) > 0. The other cases is can
be proved in a similar way and omitted. Then (M, @) is a canonical fuzzy
[-hypergroup. Now, we show that (M, ®,®) is a fuzzy I'-hypermodule. We
investigate only the condition (iv) of Definition 3.4.
First , we show that that for all r,s € R,a, 3 € I',a € M, we have

roae(sefea)=rBalds)0foa, Vte M.
Then

(roae (sepoa)(t) = \/

peEM

(roaop)t)A(s080a)@)] =\ st A X)) =

peEM
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1, teraf(spfa) [ 1, te(ras).fa

0, otherwise | 0,  otherwise
=(rdalds)® B ea)(t), forall t € M.

It is easy to verify that the other conditions of Definition 3.4 can be

obtained in a similar way.O
Proposition 3.16. Let M an Rp-module and p be a fuzzy I'-module of M.
Then the set M will be a fuzzy I'-hypermodule.
Proof. Let (I',*) be an abelian group and (M, +,.) be a Imodule over
[-ring (R, W, 0). We define fuzzy I'-hyperoperations on M as follows:

(a @ D)(t) = X{atp}y, (rOY©a)(t) = p(ry.a—t),

(O{ & ﬁ) (’7) = X{axp} (7) = X{rws}T s S)(Z) (T Hall 8)(2) = X{roaos} (Z)7

va7b’t€M’T7S7'Z€R7a7ﬁ’761—“

It is easy to verify that (M, @) is a canonical fuzzy hypergroup. Now, we
show (M, @, ®) is a fuzzy I'-hypermodule with z(0) = 1.
(i)

(rBs)Oy©a)(t) = Vier(rBs)(p) A(pOyOa)(t)
VperXrws(P) A p(p-y-a — 1)
= p((rvs)ya—t) if p=rws.
Also, (rovy®a)® (sOy©a))(t) =

Vpgem(r © v @a)(p) A (p @ q) () A (s © vy ©a)(q)
Vpgem(1:7.a = p) A X(prq) (t) A p(s.7.a — q)
Vpaeri=ptql (1.0 — p) A pi(s.7.a — q)
w(ray.a—p+sy.a—q)

= p((ry¥s)y.a—(p+q),
On the other hands, if ¢ = s.v.a, p =t — s.v.a., then

IN

VpgeMi=p+gt(T:7-a —p) A p(ry.a —q) = Vpenp(ry.a —p)
> p(ry.a—t+ sy.a)
u((res).y.q—t).

(é4)
(ro(@@p)oa)(t) = Vyerl(royoa)(t)Ala® B)()]

= Vu(ry.a —t) A Xae (7)
= u(r(axp).a—t).
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Also, (roa®a)® (r©foa))

(t
= Vpgeu[(roa®a)(p) A(p®q)(t) A (r©Boa)(q)
Vigen [p(roza = p) AXpiqy(t) A p(rB.a = g)]
Vieptq p(r.a.a —p) A p(r.fa — q)
u(r.aa —p+r.fa — q)
pu(r.(a* B).a — (p+q)).

On the other hands, suppose that ¢ = r.[.a, then for p =t — r.5.a we
have

) =

[IA

Vpenp(r.aa — p)
p(r.aa — (t — rpa))
p(r-(ex B).a = (p+q)),

Viepiqh(r.c.a — p) A p(r.fa — q)

| AVARI

(i)

roye@®b) = Veeu(r©yop)(t)A(adb)(p)

= Vpemp(ry-p —t) A X{ars}(P)
p(ry.(a+b)—t) and (roy©a)® (royob))(t)
Vpgem(r © v @a)(p) A (p® q)(t) A (r © v ©b)(q)
= Vpgemi(ry-a = p) A Xgprqp(t) A p(ry.b — q)
Ve =prat(r7.a — p) A pi(r.y.b — q)
u(ry.a—p+ryb—q) = pulry.(a+0b) —1t).

VARI

On the other hands, for ¢ = r.v.b,p =t — r.7.b. we have

VpgeMi=ptqgb(r-y.a — p) A p(ry.b — q)
> Vpemp(ry.a —p)
> p(ry(a+0) —t).

(iv)

(roa®(sefoa)(t) = Voeu(roa®p)(t)A(s© O a)(p)
= Vpemp((r.a.p) —t) A p((s.8.a) — p)
= p(ra.(s.f.a)—t), and (rBalds)® B a)(t)
= Vper(r©a®s)(p) A(p© Lo a)t)
= VpeRX{roaos}(P) N p(p.B.a — 1)
= p(roaos-(f-a)—t) if p=roaos.
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O
Remark. Let H = (H,(f; : i € I)) be a fuzzy hyperalgebra. Denote by
F*(H) the set of the nonzero fuzzy subsets of H. Then H can be organized
as a universal algebra under the following operations:

Bilpr, ooy ) (0) = \/ _[(ul(fvl)/\---uni(fﬂni)/\ﬁi(wlv---wni)(t))],

for every i € I, iy, ..., pin, € Fx (H) and t € H. We denote this algebra
by F*(H).
Proposition 3.17. If (M, &, {) is a fuzzy ['-hypermodule, then (F*(M), *, O)
is a ['-module.
Proof. We define operations x, < on F*(M) by puxv = p@v, and rOyOu =
rOyOuforall u,v e F*(M),r € R,y € I'. It is easy to see that (F*(M), x)
is a group. Clearly, (F*(M),®) is a semigroup.

(7) Identity: we must prove that there exists a v € F*(M) such that
Jux v = . We have

(wxv)t) = (n®v)?)
= Vpgemi(p) A (p @ q)(t) Av(q)
= Vpemp(p) A (p®e)(t)
= p(t)e if
¢=ev(g)=Lp=t.
Thus it is enough we choose v = ..

(1) Inverse: it must prove that for p € F*(M), there exists a v € F*(M),
such that pu * v = x.. It is sufficient to consider v = —pu, then we have

(nxv)(t) = (n®V)()

Vipgenmit(p) A (p @ q)(t) A (—p)(q)
Vipgemit(p) A (p @ ¢)(t) A p(—q)

pp = (=) ANp®g)(t) < (p@q)(t)
= Xe(t) where, p is inverse of g.

A
A

IN

On the other hands, we have

> Vopemrp(p) A (p & —p)(t)
> (p@-p)()
= Xe(t)'

Vpgemi(p) A (p @ q)(t) A p(—q)
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Other cases are easy and omitted. O
Definition 3.18. Let (M, ®,®) be a fuzzy I'-hypermodule over a fuzzy
[-hyperring (R, H,[). A nonempty subset N of M is called a subfuzzy I'-
hypermodule if for all x,y € N,r € R and v € I, the following conditions
hold:
(1) (zdy)(t) >0 = teN;
(2) z@®N = xn;
3) royoz)(t) >0 = teN.
Proposition 3.19. (i) If (N, ®, ®) is a subfuzzy I'-hypermodule of (M, ®, ®)
over a fuzzy I-hyperring (R, H, [J), then the associated I'-hypermodule (N, +, .)
is a I-hypersubmodule of (M, +,.) over (R, W, 0);
(73) (N, +,.) is a [-hypersubmodule of (M, +,.) over (R,W,0) if and only if
(N, ®,®) is a subfuzzy I'-hypermodule of (M, ®, ®) over (R, H,H).

4 Fundamental Relation of Fuzzy
['-hypermodule

In [14], fuzzy regular relations are introduced in the context of fuzzy hyper-
semigroups. In this section we extend this notion to fuzzy I'-hypermodules.
Let p be an equivalence relation on a fuzzy I'-hypersemigroup (M, o) and
i, v be two fuzzy subsets on M. We say that upv if the following conditions
hold:

(1) if p(a) > 0, then there exists b € M, such that v(b) > 0 and apb and;
(2) if v(z) > 0, then there exists y € M, such that u(y) > 0 and xpy.

An equivalence relation p on a fuzzy I'-hypersemigroup (M, o) is called a
fuzzy regular relation (or fuzzy hypercongruence) on (M, o) if, for all a,b,c €
M,~ €T, the following implication holds:

apb => (aoyoc)p(boyoc)and (coyoa) p (coyob).

This condition is equivalent to

apa’,bpl) = (aovyob)p(a oyol),Va,b,a b€ M,veT.

Definition 4.1. An equivalence relation p on a fuzzy I'-hypermodule (M, ®, ®)
over a fuzzy T'-hyperring (R, H, ) and a canonical fuzzy hypergroup (I', ®)
is called a fuzzy regular relation on (M, ®,®) if it is a fuzzy regular relation
on (M,®) and for all z,y € M,r € R,~v € I, the following implication holds:

rpy = (rOyO©z)p(r©v0oy).
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Let (M, ®,®) be a fuzzy T-hypermodule over a fuzzy I'-hyperring (R, H, [J)
and a canonical fuzzy hypergroup (I, ®). Suppose (M, +,.) is the associated
[-hypermodule over the I-hyperring (R, W, o) and the canonical hypergroup
(I, %). Then we have the next result.

Theorem 4.2. An equivalence relation p is a fuzzy regular relation on
(M, &, ®) over a fuzzy I'-hyperring (R, H, [J) and canonical fuzzy hypergroup
(I',®) if and only if p is a regular relation on (M, +,.) over the I'-hyperring
(R,W, 0) and canonical hypergroup (I, *).

Proof. Letting zpy and 2’py’, where z, 2’ y,y' € M. We have (z®z")p(y+y')
if and only if the following conditions hold:

(@2 )(u)>0,=FveM: (ydy)(v) >0 and wupv,

and

yoy)t)>0 = JweM: (r@2)(w)>0 and atpw.

These are equivalent to:

if u € x + 2/, then there exists v € y 4+ ¢/, such that upv;

if t € y + 9/, then there exists w € x + &/, such that tpw;

which mean that (z +2')p(y +v'). Hence p is fuzzy regular on (M, @) if and
only if p is regular on (M, +).

On the other hands, if zpy and r € R,y € I'. We have (royoz)p(roy©y)
if and only if the next conditions hold:

if (r®~y ®x)(u) > 0, then there exists v € M, such that (r &y y)(v) > 0
and upv;

if (r®~y®y)(t) > 0, then there exists w € M, such that (r© v ® z)(w) >0
and tpw.

These are equivalent to:

if u € r.y.z, then there exists v € r.v.y, such that upv;

if ¢t € r.y.y, then there exists w € r.y.x, such that {pw;

which means that (r.y.x)p(r.y.y).0

Definition 4.3. An equivalence relation p on a fuzzy I'-hypersemigroup
(M, o) is called a fuzzy strongly regular relation on (M, o) if, for all a,a’, b,V
of M and for all v € ', such that apb and a’pb/, the following condition holds:

(aoyoc)(x) >0,(boyod)(y) >0 = wpy,

for all z,y € M. Note that if p is a fuzzy strongly relation on a fuzzy I'-
hypersemigroup (M, o), then it is a fuzzy regular on (M, o). An equivalence
relation p on a fuzzy I-hyperring (R, H, ) is called a fuzzy strongly reqular
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relation on (R,H, ) if it is a fuzzy strongly regular relation both on (R, H)
and on (R,[).

Definition 4.4. Let p be a fuzzy strongly regular relation on a fuzzy I'-
hyperring (R,H, ) and 6 be a fuzzy strongly regular relation on a canon-
ical fuzzy [-hypergroup (I',*). An equivalence relation 0 on a fuzzy I'-
hypermodule (M, ®,®) over a fuzzy I-hyperring (R,H,[) and canonical
fuzzy I'-hypergroup (I, ®) is called a fuzzy strongly reqular relation on (M, ®, ®)
if it is a fuzzy strongly regular relation on (M, ®) and if zdy, rps and afp,
then the next condition holds:

for all w € M, such that (r ® a ® z)(u) > 0 and for all v € M, such that
(s ®BOy)(v) >0, we have udv.

Theorem 4.5. An equivalence relation 0 is a fuzzy strongly regular relation
on (M,®,®) if and only if J is a strongly regular relation on (M, +,.).
Proof. Set xdy and x'0y’, where x,2’,y,y € M and set rps, where r,s € R
and af3, where a, 3 € T'. The relation § is strongly regular on (M, ®,®) if
and only if the following conditions are satisfied:

Vu € M, such that (z @ 2’)(u) > 0 and Yo € M, such that (y @ y')(v) > 0,
we have udv;

Vit € M, such that (r©a®z)(t) > 0 and Vw € M, such that (s©Foy)(w) > 0,
we have tow.

These conditions are equivalent to the following ones:

Vu € M, such that u € x + 2’ and Yv € M, such that v € y + ¢/, we have
udv;

Vt € M, such that t € r.o.x and Vw € M, such that w € s.5.y, we have téw,
which mean that (z + 2/)d(y + %) and (r.c.x)d(s.0.y). Hence § is strongly
regular on (M, @, ®) if and only if § is strongly regular on (M, +,.).

Now, Let § be a fuzzy regular relation on a fuzzy I'-hypermodule (M, ®, ®)
over a fuzzy I-hyperring (R, H, ) and canonical fuzzy I'-hypergroup (', ®)
and p, 8 be fuzzy strongly regular relations on the I'-hyperring (R, 8, []) and
canonical fuzzy I'-hypergroup. (I', ®).

We consider the following I'-hyperoperations on the quotient set M /0:

rry={z|zex+yt={z] (z@y)(2) >0},

reaer={z|zeraz}={z] (roadz)(z) > 0}.

Theorem 4.6. Let (M,®,®) be a fuzzy I'-hypermodule over a fuzzy I'-
hyperring (R, H, ) and canonical fuzzy hypergroup (I',*). Let (M, +,.) be
the associated I'-hypermodule over the corresponding I'-hypergroup (R, W, o)
and canonical hypergroup (I', x). Then we have:
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(1) The relation ¢ is a fuzzy regular relation on (M,®,®) if and only if
(M/d,%,®) is a I'-hypermodule over (R, W, o) and (I, *).

(17) The relation ¢ is a fuzzy strongly regular relation on (M,®,®) over
(R,H,) and (I',®) if and only if (M/d,*, ®) is a I'-module over R/p and
r'/e6.

If we denote by 4 the set of all expressions consisting of finite fuzzy I'-
hyperoperations either on R, [' and M or the external fuzzy I'-hyperoperations
applied on finite sets of elements of R,I" and M, then we have

rey <= Jue i : {z,y} Cu.

Now, we introduced fundamental relation on fuzzy I'-hypemodules.
Definition 4.7. An equivalence relation €* is called fundamental relation
on a fuzzy I-hypermodule (M,®,®) if € is fundamental relation on the
associated I'-hypermodule (M, +,.).

Hence, €* is fundamental relation on a fuzzy I'-hypermodule (M, ®, ®) if and
only if €* is the smallest fuzzy strongly equivalence relation on (M, ®, ®).
Denote by 1§ the set of all expressions consisting of finite fuzzy ['-hyperoperations
either on R, I" and M or the external fuzzy I'-hyperoperation applied on finite
sets of elements of R,I" and M. We obtain

vey <= I py €UF : {x,y} C ppy <= pgy(x) > 0 and ppy(y) > 0.

The relation €* is the transitive closure of e.

Denote by Z; any finite fuzzy hypersum and by HZ) any finite fuzzy I'-
hyperproduct of the fuzzy I'-hypemodule (M, ®,®). As above, we obtain
that

(> ie [T} o @ji)(p) > 0 if and only if p € 377 [T5e aji-

Hence, {z,y} C >[I o aj if and only if (377 T} o aji)(z) > 0 and
(> i 11} o @ji)(y) > 0. Therefore, we obtain xey <= 3y, € UF such that
psy(x) >0 and pp,(y) > 0.

So, in order to obtain a fuzzy I'-module starting from a fuzzy I'-hypermodule,
we consider first the relation ¢, then the transitive closure €* of € and finally
the quotient structure (M/e*, %, ®) of the fuzzy I'-hypermodule (M, ®, ®).
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In this paper, those polygroups which are partially ordered are in-
troduced and some properties and related results are given.
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1 Introduction and Preliminaries

The notion of a hyperstructure and hypergroup, as a generalization of
group, was introduced by F. Marty [5] in 1934 at the 8th congress of Scan-
dinavian Mathematicians. In this definition for nonempty set H, a function
-1 Hx H — P*(H), where P*(H) is the set of all nonempty subsets of H, is
called a hyperoperation on H, and the system (H, -) is called a hypergroupoid.
If the hypergroupoid H satisfiesa-H = H-a = H, for all a € H, it is called
a hypergroup. In a hypergroupoid H, for A, B C H and x € H, A- B and
A - x are defined as

A-B= U a-b,A-x=A -{z}.

acAbeB

An element e of hypergorupoid H is called an identity if for all a € H,
a€aoeNeoa. An element a’ € H is called an inverse for a € H if there is
an identity e € H such that e € aoad’' Nd oa.

By a subhypergroupoid of hypergroupoid H we mean a subset K of H that
is closed with respect to the hyperoperation on H, and contains the unique
identity of H and the inverses of its elements, provided there exist.
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Hyperstructures have many applications to several sectors of both pure
and applied sciences. A short review of the theory of hyperstructures appear
in [2]. In [3] a wealth of applications can be found, too. There are appli-
cations to the following subjects: geometry, hypergraphs, binary relations,
lattices, fuzzy set and rough sets, automata, cryptography, combinatorics,
codes, artificial intelligence and probabilities. Polygroups are certain sub-
classes of hypergroups which studied in 1981 by Ioulidis in [4] and are used
to study colour algebra.

A polygroup is a system < G, -,71, e > where e € G, ‘~!" is a unary oper-
ation on G and ‘-’ is a binary hyperoperation on H satisfying the following:

1) (z-y)-2=z-(y-2),
(2) ecx=x-e={x},

1

B)rey 2z & yex-27t & zey -

In any polygroup the following hold:

ecx-x'Neta, et =e () =2, (zoy) =yt a!
where A~ = {z7!: 2z € A}.

Some other concepts in polygroups is as follows.

A nonempty subset K of polygroup G is said to be a subpolygroup if and
only if e € K and < K,-,7!,e > is itself a polygroup. Subpolygroup K of
polygroup G is said to be normal if and only if a 'Ka C K, for all a € G.

From now on, in this paper, G =< G,-,7!, e > will denote a polygroup.

2 Ordered hyperstructures: Definition and
properties

This section is devoted to introduce the concept of a compatible order on a
polygroup. It is first introduced the concept of an ordered hypergroupoid and
some basic notions. Then, the concept of ordered polygroups is introduced
and some related results are given. For more details on compatible orders,
specially ordered algebraic structures we refer to [1].

Definition 2.1. Let (H, ) be a hypergroupoid. By a compatible order on H
we mean an order “<” with respect to which all translations x +— z -y and
x +— y - x are isotone, that is

x <y implies b-x-a<b-y-a, forall a,b € H (2.1)
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where for A, B C H, A < B means that for all a € A there exists b € B and
for all b € B there exists a € A such that a <b.

Definition 2.2. By an ordered hypergroupoid we mean a hypergroupoid on
which is defined a compatible order.

When “” is commutative or associative, H is said to be an ordered com-
mutative hypergroupoid or an ordered semihypergroup, respectively.

Example 2.3. (1) Consider Ry = [1, 00), the set of all real numbers greater
than 1, as a poset with the natural ordering, and define x - y to be the
set of all upper bounds of {z,y}. Thus (R4, -, <) is an ordered commu-
tative semihypergroup with 1 as the unique identity.

(2) Consider Z, the additive group of all integers which is a chain with the
natural ordering. For m,n € Z, let m-n be the subgroup of Z generated
by {m,n}. Then (Z,-, <) is an ordered commutative semihypergroup
in which 0 is an identity.

(3) Let (G,-,e,<) be an ordered group, and let x oy = ({z,y}), the sub-
group of G generated by {x,y}. Then, (G,o, <) is an ordered commu-
tative hypergroup with an identity e.

(4) Let (L;V,A,0) be a lattice with the least element 0. For a,b € L, let
aob= F(aAb), where F(z) is the principal filter generated by = € L.
Then, (L;o) is an ordered hypergroup. Also, 0 is an identity, and if
x € L be such that x Ay = 0, for some y € L, then y is an inverse of x.

Definition 2.4. Let H be an ordered hypergroupoid.

(1) For every x,y € H with x <y, the set [z,y] ={z € H:2x <z <y} is
said to be an interval in H.

(2) A subset A of H is said to be convez if for all a,b € A, where a < b,
we have [a, b] C A.

Definition 2.5. Let (E; <) be an ordered set. A subset D of E is said to

be a down-set if y < x and x € D imply y € D. Down-set D is said to be

principal if there exists © € D such that D = {y € F : y < x} denoted by
!

xt.

Definition 2.6. Let (G;oq, <¢) and (H; ox, <p) be ordered hypergroupoids
and f : G — H be an isotone map, that is f(z) <y f(y) whenever x < y.
Then,
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(1) f is said to be an order homomorphism if f is a homomorphism of
hypergroupoids (G;,oq) and (H;op),

(2) f is an order isomorphism if f is an isomorphism of hypergroupiods,
and f~! is isotone,

(3) the kernel of f is defined by kerf = {(z,y) € G x G : f(z) = f(y)}.

3 Ordered polygroups

In this section, we assume that G =< G,-,7!, e > is a polygroup unless
otherwise mentioned. Hereafter, in this paper, we use xy for = -y, and a for

{a}.

Definition 3.1. By an ordered polygroup we mean a polygroup which is also
a poset under the binary relation < and in which (2.1) holds.

Definition 3.2. Let H be an ordered hypergroupoid with a unique identity
e. An element x € H is called positive if e < x. The set of all positive
elements of H is called the positive cone of H and is denoted by H'. z € H
is called negative if x < e. The set of all negative elements of H is called the
negative cone of H and is denoted by H™.

By an elementary consequence of translations we have

Proposition 3.3. In any ordered polygroup G, for each z,y € G, we have

r<y & YNNG #0 & yr ' NGt #£0 & 2y NG #£0D
s yhanG #£ley <o .

Theorem 3.4. A subset P of a polygroup G is the positive cone with respect
to some compatible order if and only if

(1) PP~ ={e},
@ P =P,
(3) forallz € G, xPx~' = P.
Moreover, if this order is total, PU P! = Q.

Proof. (=) Let < be a compatible order on G and P = G, the associ-
ated positive cone.

(1) If z € PNP~!, on the one hand e < z, and on the other hand x = y~!,
for some y € P. Since, e <y, then x = y~! < e proves that z = e.
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(2) Since e € P, P = Pe C PP = P?. Now, let 2,y € P. Thene <z
and e <y and so e < xy which implies that xy C P. Hence, P2 C P.

(3) Let y € P, and = € G. Then, e < y implies that ¢ € zex™ < ryz™!
proves that zyz~! C P. Since, this follows for all x € G, replacing x by 7!,
we have 2 !Pz C P and so P C xPz~!, complete the proof.

(<) Let P be a subset of G that satisfies properties (1)-(3), and define

the relation < on G by
r<y & yr 'NP#0.

Since, e € P, by (3), zz™! = zex™' C zPz~! = P implies that z < z and so
< is reflexive. Suppose that x+ < yandy < z, forz,y € G. Thenyx™'NP # ()
and 2y~ ' N P # () whence zy~! N P~1 N P # (), implies that e € 2y, i.e.,
x =y proving < is antisymmetric. Now, assume that xr < y and y < z, for
2,y,2 € G. Then yz ' NP #Qand zy ' NP # 0. Let u € yz~' NP and
v € zy ' N P. Then uv C P2 = P. On the other hand, € zy~! and v € yz~!
imply y~! € z7!'u and y € vz whence e € y~'y C z7!(uv)z. Then, there is
t € uwv and s € tz such that e € z~'s. This implies that z = s € tz. Hence,
t € zx7l ie, uvNze~t # 0 whence zz7! N P # ) proving < is transitive.
Thus, < is an order. For compatibility, we first prove that Px = x P, for all
x € G. Let z € G. Then

2€Pr = zeyrforsomeye P= o '2Calyr = 55_134(37_1)_1 cr
= z€xP,

ie.,, Pr C xP. By a similar way, we can prove that xtP C Px. Hence,
xP = Px, for all x € G. Now, assume that x < y and a,b € G. Since, < is
reflexive, by (3)

ayb(axb)™ = aybb 'z 'a”! CayPx 'a! CaPyxrta! CaP?at
= qPa'=P

which shows that axb < ayb. By the definition of < we get x € P if and only
ife<zandso P=GT.

If G is totally ordered, then x < eore < z, forallz € G. So, e € o~ ! <
ex' = 27! and so x € P or x € P!, observe that x = (z7')~'. Thus,
G=PupPl O

Proposition 3.5. If G is an ordered polygroup with |G| > 1, then G can not
have a top element or a bottom element.

Proof. Let G = {e,a}. If e < aora < e thena = a! < e
or e < a~! = a, respectively, which is a contradiction. Now, assume that
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|G| > 2, t be the top element of G and e # a € G. Then a <t and so ta <t
whence t € te C taa™! < ta™'. Hence, t € ta!. Likewise, we conclude that
t € a~'t. By the uniqueness, we get a = e which is a contradiction.

The proof of the other case is concluded as well. O

Definition 3.6. An element x of GG is said to be of order n, n € N, if e € ™

n times
7\

where 2" = (--- ((3: ox)ox)o--+)o 5) If such a natural number does not
exist, we say that x is of infinite order.

Theorem 3.7. Suppose that G is an ordered polygroup in which G # {e}.
Then every element of G\ {e} is of infinite order.

Proof. Suppose that z € G*\ {e}. We first observe that if z = 27!,
can not belong to G*. Then, e < x implies that e < 2 = ex < 2. Moreover,
this implies that e ¢ 2% Similarly, we conclude that e < 23 and e & 3.
Continuing this process we get e < 2™ and e ¢ x", for all n € N, proving x
is not of finite order. O

Corollary 3.8. Any ordered polygroup in which every nontrivial element is
of finite order is an antichain.

Proof. Let G be an ordered polygroup satisfying the hypothesis. By
Theorem 3.7, we know that Gt = {e}. Now, if a,b € G be such that a < b,
then e € a 'a < a™'b and so e < u, for some u € a~'b. This implies that
u € G and so u = e. Thus, e € a~'b whence a = b. This means that G is
an antichain. O

Corollary 3.9. Every finite ordered polygroup is an antichain.

Example 3.10. Let G = {e,a}. Then G is a polygroup where the hyperop-
eration is given by the following table:

ole a
ele a
al|a {ea}

in which a™! = a i.e., a is an idempotent. Now, if a is a positive element,
so Gt = {e,a} and hence (GT)"' NG # {e}. This contradicts Theorem
3.4. This example shows that the converse of Theorem 3.7 does not hold in
general.

Definition 3.11. If G is an ordered polygroup, by a convexr subgroup of G
we shall mean a subgroup which is also a convex subset, under the order of

G.
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Definition 3.12. A nonempty subset H of G is said to be S-reflevive if
xy N H # () implies that xy C H, for all z,y € G.

Theorem 3.13. If H is a subpolygroup of an ordered polygroup G then
H* = HNG". Moreover, if Ht is S-reflexive, the following statements
are equivalent:

(1) H is conver;
(2) H* is a down-set of GT.

Proof. Since, ey = eg, it is clear that HT = HNG™.

(1) = (2) Suppose that ey <y < x where ey, x € H™ C H. Then (1)
givesy € HNGT = H' and so H* is a down-set of G*.

(2) = (1) Suppose now that z < y < z where z,z € H. Then z7'x <
7y <a7lz. Thus, 2712 C H* and so there is a € HT such that a € x7!2.
Hence, there is b € 27ty such that b < a € H™, and since H™ is a down-set of
GT,be H ie.,z 'ynH' # (). Since, H™ is S-reflexive, sox~ly C H* C H
whence y € tH = H, proving H is convex. O

If G is an ordered polygroup and H is a normal subpolygroup of GG, then
a natural candidate for a positive cone of G/H is iy (G™), where iy : G —
G/ H is the canonical projection. Precisely when this occurs is the substance
of the following result.

Theorem 3.14. Let G be an ordered polygroup and let H be a normal sub-
polygroup of G. Then ty(GT) = {pH : p € GT} is the positive cone of a
compatible order on the quotient polygroup G/H if and only if H is conver.

Proof.  Suppose that Q@ = {pH : p € G} is the positive cone of a
compatible order on G/H. To show that H is convex, suppose that ¢ < b < a
with ¢,a € H. Then (bH)™' = (bH)™' - aH = b~'aH. On the other hand,
b < a implies that b'aNG™ # (. Hence (bH)*NQ # 0 and so bHNQ ! # ().
Similarly, we have bH = bH - ¢ *H = bc™'H and since bc™! N GT # 0,
bHNQ #0. Thus, bHN(QNQ™') # () whence bH = H, ie., b€ H.

Conversely, suppose that H is convex and let Q@ = {pH : p € G*}. Tt is
clear that Q% = Q. Suppose now that v € QN Q~'. Then zH = pH =
¢ 'H where p,q € G*. These equalities also give pg N H # (). Now, since
p < pq, then ey < p < u, where u € pgN H whence the convexity of H gives
p € H. Tt follows that tH = pH = H and hence Q N Q™! = {H}. Finally,
since G is a normal subsemihypergroup of G it is clear that @ = 5 (G™) is
a normal subsemihypergroup of G/H. It now follows by Theorem 3.4 that
(@ is the positive cone of a compatible order on G/H. O
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If H is a convex normal subpolygroup of an ordered polygroup G then
the order <y on G/H that corresponds to the positive cone {pH : p € G*}
can be described as in the proof of Theorem 3.4. We have

eH<yyH = yz 'HCQ
= (Macyz ")(3peG)aH =pH
= (Vacyr ")3peG")(3Bh € H)acph>h
= Macyz " )(3heH)a>h
= yr ' >h.

From the last inequality and that y € ye C yz~'x it follows that y > wu, for
some u € hx. Conversely, assume that there exists h € H and u € hx such
that y > u, and let @ € yz~!. From yx~' > yz~! it follows that a > ¢, for
some t € uxz~! and hence at™! > tt~!. This implies that v > e, for some
v € at~! and so

vH € at ' HNQ. (3.1)

Now, t € uz~! implies that t7! € zu™! C az *h™! C 22 'H and so at™! C
arx™*H = axHz™' = aH. Thus, at™'H C aH. Combining (3.1), we get
{aH}YNQ # 0, i.e.,aH € Q and so aH = pH, for some p € G*. This implies
yr~'H C @ and hence xH <y yH, completes the proof.

Thus we see that <p can be described by

tH <gyH < (3h € H)(Ju € hx) y > u.

In referring to the ordered quotient polygroup G/H we shall implicitly infer
that the order is <y as described above.

Here we give a characterization of polygroup homomorphisms that are
isotone.

Theorem 3.15. Let G and H be ordered polygroups. If f : G — H s a
polygroup homomorphism, f is isotone if and only if f(GT) C HT.

Proof. Assume that f is isotone. If z € GT, i.e., x > e then f(x) >
f(eg) = ey means that f(z) € Ht.

Conversely, assume that * < yin G. Then yz~! C G™ and so f(y)f(z)™! =
flyz™") C f(GT) C H*. This implies that f(y) > f(z) proving f is isotone.
O

Corollary 3.16. If G is an ordered polygroup and H is a convex mnormal
subpolygroup of G, then the natural homomorphism ty : G — G/H is
1s0tone.
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Proof. By Theorem 3.15, it is enough to prove that §(G*) C (G/H)™ .
For this, let yH € §(GT). Then yH = gH, for some g € G whence y €
gh > h for some h € H. This implies that eH <y yH and so yH € (G/H)™.
O

Definition 3.17. Let G and H are ordered polygroups. A mapping f :
G — H is said to be ezact if f(GT)=H™.

Definition 3.18. Two ordered polygroups G and H are said to be isomorphic
if there is a polygroup isomorphism f : G — H that is also an order
isomorphism.

If two ordered polygroups G and H are isomorphic we write G ~ H.

Theorem 3.19. For ordered polygroups G and H, the following are equiva-
lent:

(1) G=H,
(2) there is an ezxact polygroup isomorphism f: G — H.

Proof. (1) = (2) If G and H are isomorphic, there is a polygroup
isomorphism f : G — H which is also an order isomorphism. By Theorem
3.15, f(GT) C H*. Let g = f~!. Obviously, g satisfies the conditions of
Theorem 3.15. Hence, g(H') C G+ whence H = f(g(H")) C f(G™T).
Thus H* = f(G™) and so (2) holds.

(2) = (1) It is obvious. O

Theorem 3.20. Let G and H be ordered polygroups and f : G — H be an
exact polygroup homomorphism. Then Imf ~ G /kerf.

Proof. We first observe that kerf is a convex normal subpolygroup of
G and so G/kerf is an ordered polygroup. By first isomorphism theorem of
polygroups there is an isomorphism ¢ : G/ker f ~ Imf which ¢(zK) = f(x)
where K = kerf. It remains that we prove ¢ is exact. Let 2K € (G/K)™.
Then eq K <y xK whence k < z, for some k € K, and so ey = f(k) < f(z)
whence ¢(zK) = f(x) € (Imf)*. Conversely, if f(z) € (Imf)™ C HT,
since f is exact, there exists ¢ € G* such that f(x) = f(g). Consequently,
K = gK and so x € gk > k, for some k € K. Thus,

vK € (G/K)" & ¢(aK) = f(z) € (Imf)"
proving ¢ is exact. It now follows by Theorem 3.19 that G/kerf ~ Imf. O
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1 Introduction

In most branches of mathematical research, visualization has been an area
of interest for mathematicians [1], [6], [9], specifying that visual thinking can
be an alternative and powerful resource, as well as a serious tool, not only
for specialists but also, for students doing mathematics. Mathematicians
have always used their "mind’s eye” to visualize the abstract objects and
processes that arise in mathematical research. But it is only in recent years
that remarkable improvements in computer technology have made it easy
to externalize these vague and subjective pictures that we see in our heads,
replacing them with precise and objective visualizations that can be shared
with others [7]. The subject is of such recent research that searching the
literature, in preparation for this paper, it was surprising to discover that no
papers were specifically focused on visualization in hyperstructures.



Visualization of Algebraic Properties ...

According to [10], the term wvisualization has been used in various ways
in the research literature, so it is necessary to clarify how it is used in this
paper. Thus visualization is taken to include processes of constructing and
transforming both mental tmagery and abstract algebraic concepts.

This paper, looks at visualization as it relates to special Hy -structures,
focusing upon how it can be used to improve the perception and understand-
ing of abstract algebraic concepts, since, being able to ”see” something in a
geometrical shape, is a common metaphor for understanding it. According
to Bruner [2], to understand a specific concept (algebraic), the first approach
has to be intuitive. So, geometry or linear algebra into a two-dimensional
real vector space, with constant references to the fundamental intuitively
understood principles, are teaching and educative tools.

Using position vectors into the plane I R?, abstract algebraic properties
of Hy-structures are gradually transformed into geometrical shapes, which
operate, not only as a translation of the algebraic concept but also, as a
teaching process.

2 Basic definitions on hyperstructures

In 1934, F. Marty introduced the definitions of the hyperoperation and
of the hypergroup as a generalization of the operation and the group respec-
tively.

Definition 2.1 In a set H # &, a hyperoperation is a map, such that:
o:HxH— P(H)—{9}: (zr,y)—xoyCH
Also, if A, B C H ,then
Ao B =Ugeapen(aob).
Properties of hyperoperations [3], [4], [12]:
i) A hyperoperation (o) in a set H is called associative, if

(xoy)oz==xo0(yoz),Vr,y,z € H

ii) A hyperoperation (o) in a set H is called commutative, if

roy=youx,Vr,y € H
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iii) A hyperoperation (o), in a set H, is having an identity or unit element
if there exists e € H, such that

r€xoeandx €eox,Vr € H

iv) A hyperoperation (o), in a set H, with a unit element e, is having an
inverse element, if for every x € H, there exists an element 2’ € H,
such that

ecxoz’ande € ¥’ ox,Vr € H

v) In a set H, equipped with two hyperoperations (o) and (%), the () is
called distributive with respect to (o), if

r*(yoz)=(rxy)o(r*2),Vr,y,2 € H

An algebraic hyperstructure (H,o), i.e. a set H equipped with a hy-
peroperation (o), is called hypergroupoid. If this hyperoperation is associa-
tive, then the hyperstructure is called semihypergroup. The semihypergroup
(H, o), is called hypergroup if it satisfies the reproduction axiom:

roH=Hox Vxre H.

One more complicated hyperstructure, is that (H,o,*), which is called hy-
perring, where (H, o) is a commutative hypergroup, the (x) is associative and
distributive with respect to (o).

One of the topics of great interest, in the last years, is the H,-stuctures,
which was introduced by T. Vougiouklis in 1990 [11]. The class of H,-
stuctures is the largest class of algebraic hyperstructures. These structures
satisfy weak axioms, where the non-empty intersection replaces the equality,
as bellow [12]:

Let H be aset and o: H x H — P(H) — {@} be a hyperoperation.

i) The (o)in H is called weak associative, we write WASS, if

(zoy)oznao(yoz) # @, Va,y,z € H

ii) The (o) is called weak commutative, we write COW, if

(roy)N(yox)# a,Vr,y € H

iii) If H is equipped with two hyperoperations (o) and (x), then (x)is called
weak distributive with respect to (o), if

[zx(yoz)N[(zxy)o(vx2)] #o,Vr,y,2€ H
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The hyperstructure (H, o) is called H,-semigroup if it is WASS and it is
called H,-group if it is reproductive H,-semigroup. It is called commutative
H,-group if (o) is commutative and it is called H,-commutative group if(o)
is weak commutative. The hyperstructure (H,o,x*) is called H,-ring if both
hyperstructures (o) and (%) are WASS, the reproduction axiom is valid for
(o) and (x) is weak distributive with respect to (o).

What it follows to the end of the paragraph comes from [5]:

Definition 2.2 An H,-ring (R, +,e) is called dual H,-ring, if (R, e, +) is
an H,-ring, too.

Definition 2.3 Let V be a vector space over a field K. Then, define two
hyperoperations in V as follows: For all z,y € V and r € K,

zoy={z/z=x+r(y—=x),r €|0,1]}
zey={z/z=x+ry,rel01]}

Remark 2.1 Into the plane IR* : xoy = [z, y], it is known as join operation
[8] and xeoy = [z, x+y]. The [, 5] denotes the line segment which is bounded
by the two end points o and [3.

Then, for the four hyperstructures occur, we get the following:

Proposition 2.1 The hyperstructure (V,*,0), where x,[0 € {o,e}, is a
weak commutative dual H,-ring.

Let:
E, be the set of the unit elements with respect to ().
E; be the set of the right unit elements with respect to (x).
E! be the set of the left unit elements with respect to (x).

I.(z,e) Dbe the set of the inverse elements of = associated
with the unit e (left or right), with respect to (x).

I7(z,e) be the set of the right inverse elements of = associated
with the right unit e, with respect to (x).

I(z,e) be the set of the left inverse elements of z associated with
the left unit e, with respect to (x).

Proposition 2.2 i) E, =V, ii)l,(x,e) ={z/z= (1 —r)x +re,r > 1}

Proposition 2.3 i)E; =V, @)l (x,e) = {z/z = r(e —z),r > 1,e € E}},
iwi)EL = {0} C E,, w)ll(x,e) =le,e —x],e € ET.
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3 Visualization in H,-groups

Now, let us introduce a coordinate system into the IR%. We place a
given vector p so that its initial point P determines an ordered pair (ag, az).
Conversely, a point P with coordinates (a1, as) determines the vector p =
OP, where O the origin of the coordinate system. We shall refer to the
elements x,y, z,... of the set IR? , as vectors whose initial point is the origin.
These vectors are very well known as position vectors.

i) The hyperoperation: zey={z/z=x+ry,r € [0,1]} =[x,z + 1]

In Figure 3.1, to every point x and y of the plane, i.e. to every ordered
pair (x,y) we map an infinite number of points (hyperstructure) instead
of one point (operation). The infinite number of points is the line
segment [z, z + y| which is bounded by the two end points = and = + y.
Graphically, having the points O, x, y, draw the parallelogram with
vertices O, x,y,x + y. Then, the side [z, z 4 y| is the hyperoperation
Tey.

X X+Y
/ /
/ /
/ /
/ /
/ /
/ /
F——mm——————— -JY
Fig.3.1

X, X+r2
/ /
/ /
// X/ ,/ /2<+r1
/ /
/ / / /
md / b 7
\ -
N / - /
N/ - /
e e <n
o
Fig.3.2

In Figure 3.2, take any point x of the plane. For any of the infinite
points r; of the plane, draw the parallelogram with vertices O, x, r;, x +
r;. Unite all these infinite line segments [z, x 4 r;], then all these seg-
ments cover the plane.
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iii) Weak Associativity: ze(yez)N(rey) ez # &

In Figure 3.3a, take three points x, y, z of the plane, then the side [y, y+
z] of the parallelogram with vertices O, vy, z, y+ z is the hyperoperation
yez. With the points O, x and every point r; of the line segment [y, y+z]
draw, each time, the parallelogram with vertices O, z,r;,x + r;. All
these infinite line segments [z, z + r;], create the triangle with vertices
r,x +y,xr+y+ 2z Then the area of this triangle is the first part of
the above intercection, i.e. x @ (y @ z). Similarly, in Figure 3.3b, the
side [z, + y| of the parallelogram with vertices O,z,y,z + y is the
hyperoperation x e y. With the points O, z and every point r; of the
line segment [x, z + y] draw, each time, the parallelogram with vertices
O, z,ri,1; + 2. All these infinite line segments [r;,r; + z| create the
parallelogram with vertices x,x + y,x +y + 2,2 + z. Then the area
of this parallelogram is the second part of the above intercection, i.e.
(x @ y) @ z. Notice that the triangle with vertices xz,x + y,x +y + z is
part of the parallelogram with vertices z,x +vy,x+y+ 2,z + 2, i.e. the
intersection of these two figures is not equal to the empty set.

X X+Y X X+Y
/ /
/ /
/ X+Y+Z / X+Y+Z
/ / ; X+Zn2
/ / / A ¢ Ptae
/ ’ / [P _3/,’
Ohkssm———————- Y / oS ——gm———— -
N S~ / \ / - Y
N T Te——o / Ny Pla
-~ -
W o - *
z Yiz z

Fig.3.3a  Fig.3.3b

iv) Weak Commutativity: (zey)N (yex) # @ In Figure 3.4, take two

X X+Y

Fig.3.4
points x and y of the plane. Then draw the parallelogram with vertices

46



vi)

Visualization of Algebraic Properties ...

O,z,z +y,y. The side [x,z + y] is the hyperoperation x e y and the
side [y, z +y] is the hyperoperation y e z. Notice that the only common
point of these two sides is the point x + y, i.e. the intersection of x ey
and y e x is not equal to the empty set.

The set of the right unit elements: (z € v e ¢,Vx € [R?)
El =1R?

X+en X+e2
/ /
/ /
/ / +e1
/ X,' 7 ,g(
/ /
/ / / /
/ /
end / ~de: /
N\ -
\ / - /
N/ _-- /
e <de:
(@]
Fig.3.5

In Figure 3.5, take any point x of the plane. Then draw the parallel-
ograms with vertices O, x,x + e;, e;, where e; any point of the plane.
The side [z, x + ¢;] is the hyperoperation z e e;. Notice that = belongs
to every line segment [x,z + ¢;], i.e. = belongs to every x e e;. Since all
these e;’s, having the above property, are infinite, we get that the set
E? of the right unit elements with respect to (e) is equal to IR

The set of the right inverse elements:
I[(z,¢) = {22 = r(e —a),r > 1},e € E

Having any point = of the plane, we want to find at least one point 2’
of the plane, such that, for a right unit point e of the plane (i.e. any
point of the plane) the following to be valid: e € x @ 2/, i.e. we want e
to be point of the line segment [z, + 2’]. In Figure 3.6a, notice that
all the infinite points z’ of the half-line [e — x, +00) have the above
property.

Indeed, in Figure 3.6b, for a given x and e, take any z’ belonging
to the half-line [e — z,+00). Draw the parallelogram with vertices
O,x,x + 2',2’. Then e belongs to the line segment [z, z + 2'], i.e., e
belongs to the hyperoperation x e '
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Fig.3.6

Fig.3.7a  Fig.3.7b

vii) The set of the left inverse elements: I'(z,¢) = [e,e — x],e € ET

Take any point x of the plane, we want to find at least one point x’ of
the plane, such that, for a right unit point e of the plane (i.e. any point
of the plane) the following to be valid: e € 2’ ® x, i.e. we want e to be
point of the line segment [/, 2’ + z]|. In Figure 3.7b, notice that the
points 2" of the line segment [e, e — 2] have the above property. Indeed,
in Figure 3.7b, for a given x and e, take any 2z’ belonging to the line
segment [e, e —x]. Draw the parallelogram with vertices O, z, 2’ + z, z'.
Then e belongs to the line segment [2/, 2" 4+ ], i.e., e belongs to the
hyperoperation 2’ @ x. Since, E\ = {O} C F, (that means that the
origin O of the coordinate system is simultaneously left and right unit
element), set O = e, then I¢(z,0) = [0, 0 — x].

Remark 3.1 Into the plane IR?, the hyperoperation (i), together with the

azioms (i) and (iii) are giving the concept of H,-group. Furthermore, by
putting together the axiom (iv) we get the concept of H,-commutative group.
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4 Visualization in H,-rings
i) Distributivity of (o) with respect to (o):

xo(yoz)=(roy)o(xoz)

Fig.4.1la  Fig.4.1b

In Figure 4.1a, take three points z,y, z of the plane, then the line
segment [y, z] is the hyperoperation y o z. Join the point x to each
point of the segment [y, z]. Then the area of the triangle with vertices
X, v, z is the first part of the above equality, i.e. zo(yoz). Similarly, in
Figure 4.1b, the line segment [x,y] is the hyperoperation z oy and the
line segment [z, z| is the hyperoperation z o z. Join every point of the
segment [x,y] to every point of the segment [z, z]. Then the area of the
triangle with vertices x, y, z is the second part of the above equality,
ie. (zoy)o(roz).

ii) Weak Distributivity of (e) with respect to (e):

re(ye)N(zey)e(rez) 2

In Figure 4.2a, take three points z, y, z of the plane, then the side [y, y+
z] of the parallelogram with vertices O, y, z, y+ z is the hyperoperation
yez. With the points O, x and every point r; of the line segment [y, y+z]
draw, each time, the parallelogram with vertices O, z,r;, x + r;. All
these infinite line segments [x, x + ;] create the triangle with vertices
x,x+vy,x+1y+ 2. Then the area of this triangle is the first part of the
above inersection, i.c. x e (y e 2).

In Figure 4.2b, the side [z,x + y| of the parallelogram with vertices
O, x,y,x + y is the hyperoperation x e y and the side [z, z + z] of the
parallelogram with vertices O, x, z, x 4+ z is the hyperoperation = e z.
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With the points: O, every point 7; of the side [z,z + y] and every
point t; of the side [x,z + z| draw, each time, the parallelogram with
vertices O, 1y, t;, m;+1t;. All these infinite line segments [r;, ; +1;] create
the pentagon with vertices z,2x,2z + y,2x + y + 2,2 + y. Then the
area of this pentagon is the second part of the above intersection, i.e.
(rey) e (zez). Notice that the line segment [z, x + y] is the common
part of the triangle area with vertices x, x+y, z+y+ 2z and the pentagon
area with vertices x,2z,2x + y,2x +y + 2,2 + y, i.e. the intersection
of these two figures is not equal to the empty set.

X X+Y

Fig.4.2a  Fig.4.2b

iii) Weak Distributivity of (o) with respect to (e):

ro(yez)N(roy)e(roz)# I

2X X+Y

Y+Z

Fig.4.3a  Fig.4.3b
In Figure 4.3a, take three points z, y, z of the plane, then the side [y, y+
z] of the parallelogram with vertices O, vy, z, y+ z is the hyperoperation
y e z. Join the point x to each point of the segment [y,y + z]. Then
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the area of the triangle with vertices x,y,y + 2 is the first part of the
above inersection, i.e. x o (y @ z). In Figure 4.3b, take three points
x,y, z of the plane, then the line segment [x,y] is the hyperoperation
x oy and the line segment [z, z] is the hyperoperation z o z. With the
points: O, every point r; of the line segment [x, y] and every point ¢; of
the line segment [z, z] draw, each time, the parallelogram with vertices
O,ri,t;,r; +t;. All these infinite line segments [r;, r; + t;] create the
pentagon with vertices x,2x,x +y,y + z,x + z. Then the area of this
pentagon is the second part of the above intersection, i.e. (zoy)e(zoz).
Notice that the triangle with vertices z,y, y + 2 is part of the pentagon
with vertices x,2x,x +y,y + z,x + z, i.e. the intersection of these two
figures is not equal to the empty set.

iv) Distributivity of (e) with respect to (o):

ze(yoz)=(rey)o(zrez)

Fig.4.4a Fig.4.4b

In Figure 4.4a, take three points x,y, z of the plane, then the line seg-
ment [y, z] is the hyperoperation y o z. With the points O, x and every
point 7; of the line segment [y, z] draw, each time, the parallelogram
with vertices O, z,r;, x + r;. All these infinite line segments [z, x + 1]
create the triangle with vertices x,z + y,z 4+ z. Then the area of this
triangle is the first part of the above equality, i.e. = @ (yo z).

In Figure 4.4b, the side [z,x + y| of the parallelogram with vertices
O, z,y,z + y is the hyperoperation x e y and the side [z, z + z| of the
parallelogram with vertices O, x, z, x 4+ 2 is the hyperoperation = e z.
Join every point of the side [z, x+y]| to every point of the side [z, x + z].
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Then the area of the triangle with vertices x, x 4+ y, x + z is the second
part of the above equality, i.e. (zey)o (zez).

Remark 4.1 It is known that (IR? o) is a commutative hypergroup.
Into the plane IR?, the hyperoperations (o) and (e) together with the
axioms 3ii), 3iii), 4i), 4ii), 4ii) and 4iv) are giving the concepts of
hyperring, H,-ring and dual H,-ring.
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Abstract

S-acts, a useful and important algebraic tool, have always been
interest to mathematicians, specially to computer scientists. When
A. Zadeh introduced the notion of the fuzzy subset in 1965, his idea
opened a new direction to reserchers to provide tools in the various
fields of mathematics. Here we are going to investigate some algebraic
properties of fuzzy S-acts. We first make an S-act from the fuzzy sub-
sets of an S-act A. Then we use this tool to give a characterization for
fuzzy S-acts. We then introduce the notion of generated fuzzy S-act
by a fuzzy subset of an S-act and give a characterization for the fuzzy
actions. And then we define the notion of indecomposable fuzzy S-act
and find some indecomposable fuzzy actions.
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1 Introduction and Preliminaries

No need to mention the importance of the prominent and well established
Fuzzy Set Theory, introduced by Zadeh in 1965 [7], which offered tools and
a new approach to model imprecision and uncertainty. Since then, very
many researchers have worked on this concept and its applications to logic,
set theory, algebra, analysis, topology, computer science, control engineering,
information science, etc [1, 2, 3]. Actions of a semigroup (monoid or group) S
on a set A have always been interest to mathematicians, specially to computer
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scientists and logicians. The algebraic structures so obtained are called S-
sets, S-acts, and by some other terminologies [4, 6].

In [5] we have used the fuzzy concept and introduced the notion of the
actions of a (fuzzy) semigroup on a fuzzy set (fuzzy S-act) and studied the
relation between this structure and sheaves. Here we are going to study some
of algebraic details of this structure. But first we recall that:

A set X together with a function p: X — [0, 1] is called a fuzzy set (over
X) and is denoted by (X, u) or X#. We call X the underlying set and u
the membership function of the fuzzy set X, and p(x) € [0,1] is the grade
of membership of x in X®.

If 1 is a constant function with value a € [0, 1], X is denoted by X (@,
The fuzzy set XV is called a crisp set and may sometimes simply be denoted
by X.

For a fuzzy set X® and a € [0,1], X := {z € X | p(z) > a} is called
the a-cut or the a-level set of the fuzzy set X #),

A fuzzy function from X® to Y written as f : X® — Y is an
ordinary function f : X — Y such that the following is a fuzzy triangle:

Xi)[oﬁl]

| A

Y

meaning that g < nf (that is, u(x) < nf(x) for all x € X). The set of all
fuzzy sets with a fixed underlying set X is called the fuzzy power or the set
of fuzzy subsets of X and is denoted by FSubX. Clearly fuzzy sets together
with fuzzy functions between them form a category denoted by FSet.

To define the actions of a (fuzzy) semigroup on a fuzzy set first we note
that:

Definition 1.1 A semigroup S together with a function v : S — [0,1] is
called a fuzzy semigroup if its multiplication is a fuzzy function: for every
s,m €S, v(s) ANv(r) <wv(sr); that is, the following is a fuzzy triangle:

S x 8% 10,1]

| /

S
If S has an identity 1, one usually add the condition v(1) = 1.

Now, recall from [5] that, for a (crisp) semigroup S, a (crisp) set A can
be made into an (ordinary) S-act in the following two equivalent ways:
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Universal algebraic way: The set A together with a family (A, : A —
A)ses of unary operations satisfying (st)a = s(ta) (and la = a, if S has an
identity) where sa = As(a).

Common way: The set A together with a function A : S x A — A
satisfying (st)a = s(ta) (and la = a, if S has an identity) where sa = A(s, a).

Now, having these two, so called, universal algebraic and common actions
of S on A, we get the following two, not necessarily equivalent, definitions
for a fuzzy act over a fuzzy monoid.

Definition 1.2 Let S be a fuzzy semigroup and AW be a fuzzy set such
that A is an S-act, as defined above. Then, A™ is called:

(Universal algebraic) A fuzzy S-act (or fuzzy SV -act, to emphasize fuzzi-
ness) if each \s is a fuzzy function; that is p(a) < u(sa), for every s € S
and a € A (with no mention of v). That is, for every s € S, the following
triangle is fuzzy:

A——[0,1]

1

A

(Common) A fuzzy SW-act if X : S x A — A is a fuzzy function; that
is, v(s) A pu(a) < p(sa), for every s € S and a € A. That is, the following
triangle is fuzzy:

VAR

S x A—=10,1]

| A

S

Corolary 1.1 (1) Note that universal algebraic definition implies common
definition, and if SO = S is a (crisp) semigroup, then v(s) A u(a) = 1 A
p(a) = p(a), and so the above two definitions are equivalent.

(2) Bvery fuzzy semigroup S™) is naturally a fuzzy SW)-act and S = S
is a fuzzy S = S-act (universal algebraicly, and hence commonly). Also, if
SW) s a fuzzy left ideal, then it is a fuzzy S-act (universal algebraicly, and
hence commonly).

A morphism between fuzzy S®)-acts (with both definitions), also called an
S®)_map is simply an S-map as well as a fuzzy function. The set of all
(fuzzy) S™)-acts with a fixed A is denoted by S")-FSubA, and the category
of all fuzzy S™)-acts is denoted by S®)-FAct.

Since an S-act A is naturally a (unary) universal algebra, the universal
algebraic definition of fuzzy acts, being compatible with the definition of
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other fuzzy algebraic structures, may be considered to be more natural than
the second one. Thus, from now on we consider the universal algebraic
definition of fuzzy acts and we recall that:

Theorem 1.1 [5] An S-act A with u: A — [0,1] is a fuzzy S = SW-act if
and only if for every a € [0, 1], AY s an ordinary S-subact of A.

2 Fuzzy subsets of an S-act as a fuzzy S-act

In this short section we make an S-action from the fuzzy subsets of an
S-act A which is used thorough the paper and give a characterization of fuzzy
S-acts defined in preliminary.

Lemma 2.1 Let S be an commutative monoid and A be an S-act. Then
fuzzy subsets of A form an S-act.

Proof. To prove, for each fuzzy subset A® and each m € S we define:

mu: A — [0, 1]
a ~ \Hu(z) | me=a}

First we note that mp is a fuzzy S-act, because mpu(na) =
VA{u(z) | mz = na}, for every n € S, and mu(a) = \/{u(x) | mx = a}. But
if mx = a, then nmx = na, and since S is commutative, mnx = nmax = na.

Also p(x) < p(nx). So V{u(z) | mz = a} < V{u(z) [ mz =na}.
Now we check the S-act properties.

(mime)p(a) = \/{M(x) | (mima)z = a}

T€EA

= \/{M(f) | max =y, My = a}

= VAV wy) | moz =y, my = a}
T€A yeA

= \/{map(y) | my = a}
yeA

= my(mop(z))(a)

and lgpu(a) = V{u(x) | 1lsz = a} = pla). Also if v < p, then (mv)(a) =
V{v(z) [ me = ay < V{pu(x) | me = a} = (mp)(a).0

Theorem 2.1 Let i : A — [0,1] be a fuzzy subset. Then AW is an fuzzy
S-act if and only if mu < p for every m € S.
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a}.

Proof. (=) Let A® be a fuzzy S-act and X, = {z € A | mx
| mz =

|
Then p(z) < p(mz) = p(a), for every x € X, implies that \/{u(x
a} < p(a). That is mu < p.

(<) Let A be a fuzzy subset. To prove we show that pu(a) < p(ma),
for every m € S and a € A. But we know that mu < p and hence we have
mu(ma) < p(ma). Now since mu(ma) =\/ p(z) and a € X,,,, we have
pla) < mp(ma) < p(ma). O

xEXma

3 Cyclic fuzzy S-acts

In this section we define a generated fuzzy S-act by a fuzzy subset of an
action and then we characterize the generated fuzzy S-actions by the action
introduced in Lemma 2.1. We then define the cyclic fuzzy S-acts which are
a useful class of fuzzy S-acts and infact every fuzzy S-act is made of a class
of cyclic ones.

Lemma 3.1 Intersection and union of fuzzy S-acts of an S-set A is an fuzzy
S-act.

Proof. Let {A")},c; be a family of fuzzy S-act. Then (., p:)(ma)
Vier ti(ma) > Vg pi(a) = (Uie, pi)(a) and (Mg, pi)(ma) = A pi(ma)
A wi(a) = (Mier pi)(a). O

AVAN

Theorem 3.1 Let p: A —[0,1] be a fuzzy S-act and {p;}icicpo) be family
of i-cuts of pr. Then J,c; s and (\;cp pi are fuzzy S-acts of the form a-cut.

Proof. By Lemma 3.1, it is enough to show that (J,.; i = Wy, i and
Nicr Hi = pp,.,- But since (Uyep pi)(a) = V pi(a) > 4, for every i € I and
a € A, hence \/ pi(a) > \/i. Also ((;c;pi)(a) = Api(a) > Ai. So U,es i
and (¢, i are fuzzy S-acts of the form a-cut. O

Now by the above Lemma having the following definition is natural.

Definition 3.1 Let pn: A — [0,1] be a fuzzy S-act. Then we take < p > to
be ({v:A—[0,1] | u <vandvis a fuzzy S-act}. The fuzzy S-act < p >
15 called the generated fuzzy S-act by p.

Theorem 3.2 Let S be an commutative semigroup and AW be a fuzzy S-set
of A. Then < p>=J,,cq Mt
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Proof. First we prove that (J,,.qmu is an fuzzy S-act. To do we show
that (J,,cgmu(a) < U,,egmu(na), for each n € S. But |J,,.gmu(a) =
\/mES(\/mzza ,U(.I')) and UmES m:u(na) = \/mES(\/mx=na M(x)) But if mz =
a, then mnx = nmmxz = na. Since p(zr) < p(nz), for every z € A,
UmES m,u(a) S UmGS m:u(na’)

Now let A® be a fuzzy S-act such that ;4 < v. Then for every m € S
we have mu < pu < v, see Theorem 2.1 for the first inequality, and hence
Unmes mu(a) < v(a), for every a € A. O

In the following we have some morte propeties about generated fuzzy S
acts.

Theorem 3.3 (1) << p>>=< 1 >.
(2)<Uies i >=U,ier < i >

Proof. (1) It is trivial by definition of generated fuzzy S-act.
(2) By Theorem 3.2 we have

< U“i > (a) :\/{Ulh(ﬂ?) | mz = a for some m € M}

iel

(1)
for every a € A. O

Definition 3.2 Let A be an S-act and o € [0,1] and x € A. Then by cyclic
a ifae Sz

0 othrewise for every

fuzzy S-act < x, > we mean: < x, > (a) = {

ac A.

Corolary 3.1 Let p be a fuzzy S-act of an S-act A and v € A. Then
< Tp@) > < pe

Theorem 3.4 Let S be a monoid and pu be a fuzzy S-act of an S-act A.
Then pp=U,eq < Tu@) >-

Proof.  J,cu < Tu@) > (@) = Vyen < Tu@) > (@) = V{u(z) | a =
maz  for some m € S}.  But since lga = a, pla) < V{ux) | a =
max for some m € M}. Also since p is a fuzzy S-act, u(x) < p(mz).
Hence we have p(a) <V,  __ p(x) < pla), for every a € A. that is

Usea < @) >=p 0
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Theorem 3.5 For every m € S and every cyclic fuzzy S-act < x, > of A,
m < Ty >=< Ty >.

Proof.

m<xa>(a):\/{<xa>(y)|my:a}
:{a if a € Sx

0 otherwise

=< x4 > (a). O

4 Decomposable and Indecomposable Fuzzy
S-act

Here we give a definition of indecomposable Fuzzy S-act and show that
the cyclic fuzzy S-acts are indecomposable. We also see some properties of
indecomposable fuzzy S-acts in this section.

Definition 4.1 An fuzzy S-act p # 0 of A is called decomposable whenever
there exist two fuzzy S-acts v,m # 0 of A such that v,n < p andnV v = pu,
and n AN v = 0. Otherwise p is called indecomposable.

Theorem 4.1 Let S be a commutative monoid. Then every cyclic fuzzy
S-act < x; > of A is indecomposable.

Proof. Let < z; > be decomposable. Then there are fuzzy S-acts v and

n of A such that v,n << z; > and nVv =<uz; > and n Av = 0. So for
1 ifa=mx

every a € A, n(a) Av(a) =0 and n(a) V v(a) = { 0 otherwise ° Now let

v(mox) = i. Then we claim that for every m € S, v(mx) =i and n(maz) = 0.

Because if there exists m; € S such that n(mix) = i, then n(mimez) = i

and v(mymoz) = i, so n(mymez) A v(mymez) =i # 0. O

Definition 4.2 A fuzzy S-act AW s called finitely generated whenever
p=< Ui, (z;)a; >, where a; € [0, 1].

Theorem 4.2 Let f : A — B be an S-act homomorphism and AW be an
fuzzy S-act. Then BfW s finitely generated, if so is .
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Proof.  To proof, we show that f(u) =< ., f((xi)a,) >, where p =<
U?:l(xi)ai >. For
F)®) = \/{n(a) | f(a) = b}
- { vjng{l ,,,,, n} &j fz;) =0
0

otherwise

= J /(< @)a; >)(0). =

icl

Lemma 4.1 Let G be a group. Then for every finitely generated fuzzy G-act
AW there exists a finite subsets {ai,...,a,} C [0,1] and {x1,...,2,} C A
such that pu(O(x;)) = a; and O(x;) N O(x;) = O, if i # j, where O(x;) is a
notation for orbit of x; that is the set {gx; | g € G.

Proof. Since p is finitely generated, p =< |J;_,(x;)s,) > and since G is
a group, O(z;) N O(x;) = O, if i # j. So

() = { a; if x € O(xy)

0 otherwise. O

Theorem 4.3 Let f : A — B be an S-act homomorphism with commutative
S, and AW be an fuzzy S-act. Then f(u) =< f(v) >, if u =< v >.

Proof.
F)(0) = \/{u(a) | f(a) = b}
= \/{(mv)(a) |m €S, f(a)=b} by Theorem 3.2
= \/{v(z) | m € M,mz = a, f(a)="b}
=\ {f®)(y) | me M, my = b}
= \/ mf()®)

meM

—< f(v) > (b). =

Theorem 4.4 Let {A")},c; be a family of fuzzy S-act in which there is
io € I such that u,, is indecomposable. Then \/ p; is indecomposable.

Proof.  Let \/,.; i be decomposable. So there are vy, 15 < \/,.; i such
that \/,c,; i = 1 Vv and 1y Ay = 0. Then wy = pig A (Vep ) =
(fig A1) V (fig A va) Also (frig A ) A (g A va) = pig A (1h Ave) = 0. O

Corolary 4.1 The union of indecomposable fuzzy S-acts is indecomposable.
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1 Classical case

In the set theory the following operations are used:

- the intersection (A N B);

- the union (AU B);

- the complement (A);

- the difference (A\B = AN B);

- the implication (A — B = A\B = AU B);

- the symmetric difference (AAB = (A\B)U(B\A) = (ANB)U(ANB));

- the equivalence (A <+ B = (A — B)N (B — A) = AAB), where A, B
are sets.

The empty set is denoted by ), and the set of subsets of a set S will be
denoted by P(5).

Let A, B,C € P(S).

Remark 1. We have:
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i) N, U are commutative and associative;

ANA=A AUA=A;

ii

)

1)

iii) AN(AUB)=A, AU (AN B) = 4

iv) AN(BUC)=(ANB)U(ANC); AU(BNC)=(AUB)N(AUOQ);
v) ANA=0,AUA=S

vi) ANB=AUB; AUB = AN B;

vmi:A

Let Q # 0.

Definition 2. By field of events (in relation with the space ) one intend
K CP(R) such that

i) Qe K;

ii) AABe K=AUBeK;

i) Ac K= Ac K.
Remark 3. Let K be a field of events. We have
i) ABe K= ANBEeK,
ii) A, Be K= A\B € K;
iii) ABe K=A— BekK;
iv) A, Be K= AAB € K;

v) ABeK=A« BeK;

)
)
)
)
)
) Ve K.

Let K be a field of events.

Definition 4. By probability on K one intend
P: K —[0,1] such that:

i) P(Q)=1;
ii) ANB=0= P(AUB)=P(A) + P(B).
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Remark 5. We have

i) P(0) =
ii) P(A)=1-P(A);
iti) P(A\B) = P(A) - P(AN B);
iv) P(ANB)+ P(AUB) = P(A) + P(B);
v) P(A— B)=1— P(A) + P(AN B);
v) P(A) + P(A— B) = P(B) + P(B — A).

Remark 6. If P : K — [0, 1] is an application satisfying P(0)) = 0, P(Q) = 1,
then the condition ii), from the definition and the condition vi) from the
remark are equivalent.

2 Fuzzy case

For the construction which will be given in this case we need the concepts of
t-norms and t-conorms.

Definition 7. A function t : [0,1] x [0, 1] — [0, 1] will be called t-norm if the
following conditions are satisfied:

i) t(x,1) =, Vx € [0,1];

it) t(x,y) =t(y,x), for any z,y € [0,1];

iii) t(x,t(y, 2)) = t(t(z,y), 2), for any x,y,z € [0,1];

w) x<z=tx,y) <t(zvy), Yy € [0,1].
Remark 8. We have also:

v) H(z,0) = £(1,0) = £(0,1) = 0, ¥z € [0, 1].
Example 9. i) p: [0,1] x [0,1] — [0,1], p(z,y) = zy;
i) min : [0,1] x [0, 1] — [0, 1], min(z,y) = ;3 ﬁz i;’
ii) ty, : [0,1] x [0,1] — [0, 1], t;m(z,y) = max{z +y — 1,0}.

Definition 10. A function t* : [0,1] x [0,1] — [0, 1] will be called t-conorm
if the following conditions are satisfied:
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i) t*(x,0) =z, Yo € [0,1];

i) t*(z,y) = t*(y,x), for any x,y € [0,1];
i) t*(x, t*(y, 2)) = t*(t*(x,y), 2), for any x,y,z € [0,1].
) x<z=t"(z,y) <t*(z,y), Yy € [0,1].

Example 11. i) p* : [0,1] x [0,1] — [0,1], p*(z,y) = x + y — zy;
if x>
i) max : [0,1] x [0,1] — [0,1], max(z,y) =<4 =Y,
y, ifr<y
iii) ¢, : [0,1] — [0,1] — [0, 1], t (z,y) = min{z + y, 1}.
Definition 12. The t-norm t and the t-conorm t* are called dual each an-
other if for any z,y € [0,1]

t(a:ay) =1- t*<1 -, 1- y)
For example, p, p* or min, max or ¢,,, t;, are such couples.

Definition 13. A couple (U,u) where U # 0 and p : U — [0,1] is an
application will be called fuzzy set (on the universe U) or fuzzy subset of U.

The empty fuzzy set is given by 5: U —[0,1], a(x) =0,VreU.

We shall denote p C n if p(z) < n(x), Vo € U.

By U:U — [0, 1] one intend the application given by U( )=1,VzeU.

Let F(U) be the family of fuzzy subsets of U. The operations with fuzzy
subsets can be defined in the following way:

for pi,n: F(U), p(,n:U = [0,1], (u,n)(x) = t(u(z),n(x))

pUyn = [01], (pU,n)(@) = t(u(z), n(z)).
The complement @ : U — [0, 1] will be given by fi(z) = 1 — p(z). In a

similar way with the classical case one define X n, [ &R n, etc.
t t
p=n:U =101, (u—mn)(z) =t(u(x),1 - n(z));

t t *
and p—n:U —[0,1], (0 = n)(z) = (1 — u(z),n(x)).
For the couples t-norm/conorm described above we obtain: ®,@®; N,U;
.. More precisely for u,n : U — [0, 1] we have:

A.

pon:U—[0,1], (ton)(z) = ulz)n(x);
p@n:U—0,1], (p©n)(r) = p(r) +n(z) — pl@)n(z).
m:U—1[0,1], i(x) =1 — u(x); and
pon:U—[0,1], (pen)(z) = pulx) — ulx)n(r);
pOn U —[0,1], (O n)(z) =1 — p(x) + p(z)n(z);
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Remark 14. We have

i) ®,@® are commutative and associative;

i) pOpCp, pCpdp

i) p2pO(Ee&n); pCpd(pon);

W) p®@moOT)2(n&n)OeT); kO Me&T) S (LOn) & (LOT);
V) (non)() <L (uen) () > 3, Ve e U;

V) p@n=R0T pOn=1®

=

pn:U—1[0,1], (unn) = minfu(z),n(x)};
pUn:U—[0,1], (pUn)(x) = max{u(z),n(x)};
iU —[0,1], o(z) =1 — p();
p—n:U—=1[0,1], (u—n)(z) = min{u(x), 1 —n(r)};
p—n:U—=[01], (p—n)(z) =1 —min{u(z), 1 —n()};
Remark 15. We have

i) N,U are commutative and associative;

i) pNp=p pUp=np

i) pU(pnmn) = pn(pun) =

iv) pUmNnT)=(pun)Npur)=(unnUEnT);

v) (nNE)(x) < 5, (UR)(z) > 3, Vo € U;

vi) pUn=nNnpnNn=pnuU

=
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pn:U—10,1], (pvn)(r) =max{u(x) +n(z) — 1,0}

pAn:U—10,1], (pAn)(x) = min{u(z) +n(z), 1};

E:U—[0,1], A(z) = 1 — p();

peon:U—[0,1], (nen)(zr) =max{p(x) —n(z),0}

p—n:U—1[0,1], (0 — n)(x) = min{l — p(z) + n(z), 1}.
Remark 16. We have

i) 7, /A are commutative and associative;

) pvn CpypCpdpg

V) (10 ) (@) = 0, (0 ATD)(x) = 1, Vo € U

V) puV N =plAn=pm.

)
)
i) p Cpud(pen); pus (uhn);
)
)

Remark 17. We have usyn Cpon Cunn, pUn Cpudn C pulAnand
B=p.

3 Fuzzy numbers

In the last section of the paper fuzzy number will be used.
Let R be the field of real numbers.

Definition 18. By triangular fuzzy number one intend a triple (a, b, ¢), where
a,b,ceR, a<b<ec

We shall denote R; the set of triangular fuzzy numbers.
For A = (ay,b1,¢2), B = (ag, by, c2) from Ry, if ¢; < ag, or
as < ¢ and a1+221+c1 < a2+222+027 or

as < cq, !l1+2i>1+61 _ a2+222+02 and bl < bg, or

as < ¢, wihiter — axdeie p — py and ¢ —a; < ¢ — as,
we shall write A < B (a special kind of "order” being obtained in this way).

Remark 19. A triangular fuzzy number (a, b, ¢) € R; is uniquely determined
by a triple (A, b, p) where A\ = b — a, p = ¢ — b are positive reals called the
left, respectively right tolerance.
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We will use the notation with the central value on the first place (b, A, p).

We consider the operations (these operations are introduced by the author
and was presented for the first time at a conference given at the University
of Chieti in 2007 and was published in [6]):

(a, A\, p) B (b, N, p') = (a + b,max{\, \'}, max{p, p'})
(a, N\, p) B (b, N, p") = (ab, max{\, \'}, max{p, p'})
and the relation ”~" given by

a=2b

A, p) ~ (b, N, p)if
(a, A, p) ~ (b, X, p)i {A_X:p_p,‘

One obtains:
Remark 20. We have:
i) B, [ are commutative and associative;
ii) [ is distributive with respect to H;
iii) (0,0,0) is neutral element for B, and (1,0,0) is neutral element for [J;
iv) (a, A, p) B (—a,p,\) ~(0,0,0); if a # 0
(00,9 B (. 3) ~ (1,0,0)

7

v) 7~” is an equivalence relation on R;.

4 Fuzzy events
Let be Q # (0 and F(Q).
Definition 21. By fuzzy field of events one intend K C F(§2) such that:
i) Qe K
i) p,n € K = plJn € K;
i) pe K=mne K.
Remark 22. We have:
i) ¢ekK;
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t
i) pone K= p,nek;u—nekK, usnek;

t
i) (pe K=neK) e wWneK=p-—-necKe (uncK=p->
ne K).

Let K be a fuzzy field of events.
Definition 23. By probability on K one intend P : K — [0,1] such that
i) P(Q) =1
i) p(yn=¢ = PlpUyn) = P(u) + P(n).

Remark 24. Verify the following:

i) P(¢) =0;
i) P() =1— P(p);

iMMgniPmiMZP@%

t

iv) P(u—n) = P(u) — P(u),n);

v) P(pUn) + P(p,n) = P(p) + P(n);

t

vi) P(p—mn)=1—=P(p)+P(p),n);
vii) P(p) + P(p = n) = P(n) + P(n = p).

In the case t = t,,, we suppose also that u,n € K = p©®n € K. In this
context we shall denote P(u/n) = P(n©n)/P(n)(P(n) #0).

Proposition 25. In the above condition we have:

P(p)P(n/u)
P(u)P(n/p) + P(n)P(p/n)

P(u/n) =

We have also

Proposition 26. If p1,..., 1, € K are such that p; (), 1j = o fori # 7,
then P(ulUy - U pn) = P(ua) + . 4 P(pa).
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5 Fuzzy probability

The next step is to substitute [0, 1] in the definition of the probability (in K)
with the
I ={(a,\p) eER'/N<a,p<1—a,acl01]}

We have two possibilities:
A. We shall use the operations and the equivalence relation given in III.

Remark 27. If (a, A, p) is such that a € [0, 1] then there exists (a’, X, p’) € I;
such that (a, A, p) ~ (a’, N, p').

Let K be a fuzzy field of events.

Definition 28. By fuzzy probability on K one intend an application P :
K — I, such that

i) P(¢) = 0;
i) p(yn= o= PulUmn) ~ Pp)BP0n);
iii) If P(n) = (a, A, p) then P() = (1 —a, p, A).

Remark 29. In view to obtain more properties ii) can be replaced by ii)
P(p) B P(n) ~ P(uY,n) B LU, n)

Problem 30. In the case i), ii’), iii), verify the following:

i) P(Q) =(1,0,0);

i) P(u\g) ~ P(u) — P(uf),0):
i) P(u -5 ) ~ P(E)+ PN, n);

iv) P(u) + P(1 = n) ~ P(n) + P(n = p).

B. In the following we propose new operations:

(a, \, p)F(a', N, p') = (a+d —ad',a+a —aa' —max{a+\, a'+ N}, min{a+
p+ad+p,1} —a—ad +ad)

(a, A, p)-(a', N, p) = (ad’,aa’ —max{a — A+a — N — 1,0} min{a + p,d’ +
p'}—ad)

When the numbers are written in the form (a,b,¢) (a < b < ¢), the
operation are defined by

(a,b,¢)F(d,V,¢) = (max{a,a'},b+ b — bb',min{c+,1})
(a,b,c)(a',V,c) = (max{a + a' — 1,0}, bb', min{c, ¢'}).
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Remark 31. The above operations are satisfying
0 <max{a,a'} <b+b — b <min{c+,1} <1
0 <max{a+a — 1,0} < b < min{c, '} <11.
In this frame using the form (a, b, ¢) we can propose the following
Definition 32. By fuzzy probability on K one intend P : K — I; such that
i) P(Q) = (1,1,1), P(¢) = (0,0,0);
i6) P(p)+P(n) = P(u,m+P(ulU,n);
ii) p <, P(p) < Pn).
Problem 33. Verify the following:

t

i) P(u—mn)=P(u) — P(un);
ii) P(u—n) =P+ P(eN),n);

i) P(p) + P(u— 1) = P(n) + P(n = p).
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