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ABSTRACT

In this paper we continue the study of the sequences of join spaces and Atanassov’s
intuitionistic fuzzy sets associated with the direct product of two hypergroupoids with
special properties and we determine the Atanassov’s intuitionistic fuzzy grade of such a
sequence.
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INTRODUCTION

Algebraic hyperstructures theory has been introduced by Marty (1934) at the
8th Congress of Scandinavia. In the last decades, many connections between
hyperstructures and other branches of mathematics were considered leading to
applications in geometry, hypergraphs, binary relations, combinatorics, artificial
intelligence, automata and rough & fuzzy sets.

After the introduction of the concept of fuzzy set by Zadeh (1965), the study
of hyperstructures connected with fuzzy sets represents a new line of research
since the last twenty years. Rosenfeld defined the fuzzy subgroup of a group
(Rosenfeld, 1971). Till then one can distinguish three principal approaches of
this theme: the study of new crisp hyperoperation obtained by means of fuzzy
sets, the study of fuzzy subhyperstructures and the study of structures endowed
with fuzzy hyperoperation and called fuzzy hyperstructures. The notion of fuzzy
group has been generalized by Davvaz (1999), introducing the concept of fuzzy
subhypergroup of a hypergroup. Later on, this subject has been studied in
depth, also in connection with other structures, like rings, modules (Davvaz,
2001), n-ary hypergroups (Davvaz et al., 2009), hypersystems (Zhan & Davvaz,
2010) and complete hypergroups (Cristea & Darafsheh, 2010). The books
(Corsini, 1993; Corsini & Leoreanu, 2003; Davvaz, 2013; Davvaz and Leoreanu,
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2007; Vougiouklis, 1994) are surveys of the theory of algebraic hyperstructures
and their applications, also see (Corsini & Leoreanu, 1995).

Two fundamental relations between hyperstructures and fuzzy sets were
considered by Corsini; he associated a join space with a fuzzy set (Corsini,
1994), and then a fuzzy set with a hypergroupoid H (Corsini, 2003). These
connections lead to a sequence of fuzzy sets and join spaces, which ends if two
consecutive join spaces are isomorphic. The length of this sequence is called the
fuzzy grade of the hypergroupoid H. Till now, one determined the fuzzy grade
of the i.p.s. hypergroups of order less than or equal to 7 (Corsini & Cristea,
2003; Corsini & Cristea, 2004), of the complete hypergroups or 1-hypergroups
which are not compete (Corsini & Cristea, 2005; Cristea, 2002). Moreover,
several properties of the above sequence have been determined in the general
case (Stefanescu & Cristea, 2008), and also for the direct product of two
hypergroupoids (Cristea, 2010). Corsini et al. studied the same sequence
associated with a hypergraph (Corsini & Leoreanu-Fotea, 2010; Corsini, et al.,
2008), and with multivalued functions (Corsini & Mahjoob, 2010). In Cristea \&
Davvaz (2010), the authors extended the notion of fuzzy grade of a
hypergroupoid to that of Atanassov’s intuitionistic fuzzy grade. The study of
Atanassov’s intuitionistic fuzzy grade has been analyzed for i.p.s. hypergroups
of order less than or equal to 7 (Davvaz et al., 2012a) hypergraph (Davvaz et al.,
2012b).

The paper is structured as follows. Introductory concepts on hypergroups
and on their intuitionistic fuzzy grade are briefly reviewed. Then, we study the
study the sequence of join spaces associated with hypergroupoid (H x H,®)
and (H; x H,®) in a particular case.

PRELIMINARIES

In this section we briefly recall some basic notions about hypergroups. For a
comprehensive overview of this area, the reader is refereed to Corsini (1993;
Corsini & Leoreanu (2003); Davvaz & Dudek (2006); Davvaz et al. (2008);
Davvaz & Leoreanu-Fotea (2007) and Vougiouklis (1994).

Let H be a nonempty set and P*(H) be the set of all nonempty subsets of H.
A set H endowed with a hyperoperation o: H> — P*(H) is called a
hypergroupoid. The image of the pair (x,y) € H x H is denoted by xo y. If 4
and B are nonempty subsets of H,

then4doB= |J aob
ac A
beB
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If the hyperoperation satisfies the conditions:
(i) Forany (a,b,c) € H*,(aob)oc=ao (boc)(the associativity),
(i) Foranyae€ H,Hoa=ao H = H (the reproducibility),

then the hypergroupoid (H,o) is a hypergroup. A hypergroup (H, o) is called
total hypergroup if, for any (x,y) € H*,xoy = H.

For each pair (a,b) € H?, we denote:

a/b={xe H|aec xob} and b\a={y € H|a € boy}.

A commutative hypergroup (H, o) is called a join space, if for any four
elements a,b,c,d € H, such that a/bNc/d # ¢, it follows aodNboc # ¢. The
notion of join space has been introduced by Prenowitz. Later, together with
Jantosciak (Prenowits & Jantosciak, 1972). He reconstructed, from the algebraic
point of view, several branches of geometry: the projective, the descriptive and
the spherical geometry.

Let (H,0) and (H',o') be two hypergroupoids and /: H — H' a map from H
to H'. We say:

() fisa homomorphismif, for all (x,y) € H?,f(xoy) C f(x) o' f(y);
(i) fisa good homomorphism if, for all (x,y) € H*, f(x oy) C f(x) o' f(3).

We say that the two hypergroups are isomorphic, and we write H = H, if
there is a good homomorphism between them, which is also a bijection.

ATANASSOV’S INTUITIONISTIC FUZZY GRADE OF
HYPERGROUPS

In this paper we adopt the terminology and notation used in Corsini (2003);
Cristea (2010) and Cristea & Davvaz (2010). For the beginning, we remember
the construction of the sequence of join spaces and Atanassov’s intuitionistic
fuzzy sets associated with a hypergroupoid H.

As a generalization of the notion of fuzzy set in a nonempty set X, Atanassov
has introduced the concept of intuitionistic fuzzy set in X (Atanassov, 1986;
Atanassov, 1994) as an object having the form 4 = {(x, p4(x), A4(x))|x € X},
where, for any x € X, the degree of membership of x (namely u4(x)) and the
degree of non-membership of x (namely A4 (x)) verify the relation
0 < pa(x) + Aq(x) < 1. For simplicity, we denote an Atanassov’s intuitionistic
fuzzy set A = {(x, pa(x), Aa(x))|x € X}, by 4 = (i, A).
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For any hypergroupoid (H,o), in Cristea & Davvaz (2010), the authors
defined an Atanassov’s intuitionistic fuzzy set 4 = (%, \) in the following way:
for any u € H, we consider:

1 l
20w s A() —, . 2en)eow A'(u
) = byl _ AW) 0y oyl _ A'(4)

n? n2 n2 n2

(9)

where Q(u)={(a,b) € H*luc€ aob},Q(u) ={(a,b) € H*|lu¢ aob}. 1f
Q(u) = ¢, we set fi(u) = 0 and similarly, if Q(u) = ¢ we set A\(u) = 0. Moreover,
it is clear that, for any u € H,0 < 7a(u) + Au) < 1.

Now, let 4 = (1, \) be an Atanassov’s intuitionistic fuzzy set on H. We may
associate with H two join spaces ( H,o;,5) and "H, o.5)» Where, for any fuzzy
set « on H, the hyperproduct "o,", 1ntroduced in Corsini (1994) is defined by

xoqy ={u€ Hla(x) ANa(y) < au) < a(x) Va(y)}

Corsini has proved that the associated hypergroup (H,o,) is a join space
(Corsini, 1994).

By using the same procedure as in (¢), from the join space (,H, o \3) We can

construct the Atanassov’s intuitionistic fuzzy set 4; = (fi;, \) as in (0); we

associate again the join space ( H, O A%y ), we determine, like in (0), its

Atanassov’s intuitionistic fuzzy set 4, = (uQ, 2) and we construct the join space
(,H,o_ 5. ) and so on. We obtain the sequence (;H = (;H,o_ .5 :4; = (1i;, \i)) ;=0

T} /\/\ PR /\)\ ’
of join spaces and Atanassov’s intuitionistic fuzzy sets with H. Slmllarly we may

construct the second sequence (‘H = ('H, oL /\X,»?Zi = (ﬁi,xi)izo.

The length of the two corresponding sequences associated with H, called in
Cristea & Davvaz (2010) the lower, and respectively, the upper Atanassov’s
intuitionistic fuzzy grade of H, more exactly:

Definition 3.1 (Cristea & Davvaz, 2010) A set H endowed with an Atanassov’s
intuitionistic fuzzy set A = (@, \) has the lower Atanassov’s intuitionistic fuzzy
grade m,m € N, and we write Li.f.g.(H) = m if, for any i,0 < i< m— 1, the join
spaces (H, o, M> and (;, H, oﬁMAXM) associated with H are not isomorphic
(where (H|(,H, orn x) and for any s, s > m,; H, is isomorphic with ,,_ H.

Definition 3.2 (Cristea & Davvaz, 2010) A set H endowed with an Atanassov’s
intuitionistic fuzzy set A = (fi, \) has the upper Atanassov’s intuitionistic fuzzy
grade m,m € N, and we write u.i.f.g.(H) = m if, for any i,0 < i < m — 1, the join
spaces ('H, 0_6\/\> and ("'H,o_ ) associated with H are not isomorphic

’ N1+l\/)\
(where "H = ("H, o_ <) and for any s, s > m,* H, is isomorphic with ' H.

TAVDN
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Note that, if we start the construction of the above sequences with a
hypergroupoid (H,o), and not with a set H endowed with an Atanassov’s
intuitionistic fuzzy set, then we obtain only one sequence of join spaces because
the join spaces (,H, omﬁ and ("H, OﬁvX> are isomorphic (Cristea & Davvaz,
2010). In order to explain this situation, we recall the following definition.

Definition 3.3 (Cristea & Davvaz, 2010) We say that a hypergroupoid H has
the Atanassov’s intuitionistic fuzzy grade m,m € N, and we write i.f.g.(H) = m, if

lifg.(H) =

It is important to know when these join spaces are non-isomorphic. It is
obvious that it has to be answered for two consecutive join spaces in the built in
sequence, since in the case of isomorphism, the sequence ends. In order to
resolve this problem, one introduces some notations. Let
(;H=(;H,o z, /\)\> A; = (I, Mi));»o be the sequence of join spaces and
Atanassov’s intuitionistic fuzzy sets with a hypergroupoid H. Then, for any i,
there are r, namely r = r; and a partition ] = {'Cj}j=; of :H such that, for any
J>1Lx,y € G mi(x) AXN(x) =1;(y) AXNi(p). For x € H, we denote A(x) = ij,
when x €' C;. On the set of classes {'Cj}i=; we define the following ordering
relation:

1;(xX) A Xi(x) < (00 A Ni(p) (therefore A(x) < A(p)).
With any ordered chain (C C,z, ..., C;) we may associate an ordered r-
tuple (kj, kj,, ..., k;,), where k; = |'Cj |, forall ;1 <[ <r.

We conclude this section with a result expressing a necessary and sufficient
condition such that two consecutive join spaces in the associated sequence of a
hypergroupoid are isomorphic.

Theorem 3.4 (Cristea & Davvaz, 2010) Let 'H and ' H be the join spaces
associated with H determined by the membership functions [i; and [i;+,, where
H= Ur1 C;, "'H\JR2, C, and (ky,ka, ...k, ) is the ri-tuple associated with 'H,

(K\, ks, oes Ky ) s the ra-tuple associated with HLH . The join spaces iH and “VH
are zsomorphzc if and only if ri =ry and (ki ka,.....k.,) = (K, K5, ... ,kfz)
(k1 s, oo o) = (KL L D).

Definition 3.5 The equivalence relationR is called:

1. regular on the right (on the left) if for all x of H, from aRb, it follows that
(aox)R(box) ((xoa)R(x o b) respectively);

2. strongly regular on the right (on the left) if for all x of H, from aRb, it
follows that (a o x)R(b o x) ((x o a)R(x o b) respectively);

3. regular (strongly regular) if it is regular (strongly regular) on the right and
on the left.
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ATANASSOV’S INTUITIONISTIC FUZZY GRADE OF THE DIRECT
PRODUCT OF TWO HYPERGROUPOIDS

Cristea investigated the fuzzy grade of the direct product of two
hypergroupoids, when |H/R;| = 2, where i is the fuzzy subset associated with it
(Cristea, 2010). In this section we deal with the Atanassov’s intuitionistic fuzzy
grade of them with property that |H/Rmx| =2, where R;,5 is the regular
equivalence defined on H by

R & (EAN)(x) = (A A D))

We verify the Atanassov’s intuitionistic fuzzy grade of a hypergroupoid
(H x H,®), in a particular case, that is when r-tuple (ky,k»,...k,) associated
with H has particular form (k, k), and also H; x H,, when (k, k), (/,]) associated
with H| and H», respectively.

For any two hypergroupoids (Hj, o) and (H,, 0;) endowed with membership

functions and non membership functions 7, A;, i € {1,2}, the hyperproduct is
defined as it follows:

(a1, a2) @ (b1,b2) = {(x,y)|x € a1 01 b1,y € az o1 ba}.

With the new hypergroupoid (H, x H,,®), we characterize a membership
function fg,:H  x H,—[0,1] and non membership function
X@ : H1 X H2 — [0, 1]

Now we determine the general formula for calculating the values of the
membership function and non membership Zig, Ae.

Theorem 4.1 Let [iy,Jiy, fip, and A\, A, e, are the membership functions and
non membership functions associated with H\, H, and H, x H,, respectively, then
forany (x,y) € H, x H,, we have the relations:

Lo Hg(x,) = (%) 1 (3)-
20 Xo(xy) = X)X () + M () (¥) + 7 ()Xo (p)--

Proof: We prove only the second part of the theorem. For the first part of the
theorem Cristea (2010). For any x € H;,y € H, we find:

(a1, a2) @ (b1,b2)| = [{(x,y)|x € a1 01 b1,y € az 03 by}
= |{x,y)|x € aj 01 b1,y € az 03 by }|
= |{x S H1|X € a) 01 b1||{y S H2|y € ap oy b2}|

= |a1 (o]] b1|.|a2 0 b2|
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It follows that:

A(x,y) = >
(e (ar @)@ (b by) | (@1, @2) ® (b1, b))

1 1

,V¢0101b1 x¢a202b2 |<a] O] Cl2>| . (bl 02 b2)|

1 1
T, o Taera)] (Broa b))

x¢ajorb) x€ayorby

1 1
+ Z Z bl 07 bz

¥€a101b| x¢a202b2 al 1 a2

<x§éalolb1 (a1 01 a) > <Y¢a202b2 by o3 by |>
+

xgéa]olb] al ol az | x6a202b2 bl 02 b2 ‘
+

’Cealolbl al o1 d | x$a202b2 bl Sh) b2 ‘

= A (x). A3 (y) + A (x).43(y) + A1 (x). 43 (»

Set |H,| = ny,|H>| = ny, so |H; X Hy| = n = niny. Therefore

Ko (x,7) = (#) () (3)-Ay(3) + A (x).A2(0) + A1 (). 45(0))

M)A (0) + A (x) B (0) + 71 (x) - Xa(p)

Proposition 4.2 Let (k,[) be the pair associated with the hypergroupoid (H, o),
then we obtain triples (k> P,2kl), (P K? 2kl),(2kl, P, k*), (k* 2kl P),
(k*,2kl, k), (P2kl, k?), associated with the hypergroupoid (H x H,®).

Proof. Since the hypergroupoid H has two classes of equivalence, so
H/RE/\X = {C, Cz}, where C1 = {xl,xz, ....Xk} and C2 = {xk+1,xk+2, ..... Xk+/};
since a(x) <pa(xg), for any ije{l,2,.,k} and
I, €e{k+1,k+2,..k+1}, wefind

o (i, %) = () i) = (1), R (0, ) = M%) 4 27(x)-A(x),

Tl (Xp, x7) = Ty (xp) = Fi(Xics1)%, Ne (X7, ) = Aveen)” + 2(Xi41) M),
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and finally

P (Xi, Xp) = 1u(x;) Ta(xy) = B(x0) (1),

Ao (7, x7) = A1) A1) + A1) () + B(x1) A (gesn).

Since 72(x1) < 7i(xx+1) then 7a(x1)* < 7(x1)Ji(xpe1) < Ti(xxs1)?, therefore
T (X1, Xp) < T (X, 7)< o (X, ) and A (X7, %7) < A (3, %7) < A (31, %))

After some computations we result that there is no precise order between
(B N Ae) (i, X7), (g A Mg ) (X3, X7), (T A Ae) (X7, X7) as we can see from the
following examples. If

a(x1) = 1/13, n(xe1) = 3/16,
Ax1) =3/16, Mxxy1) =1/16

then (7ig A Xe)(xi, %)) = 1/16, (g A Xe) (X3 %7) = 3/16, (Tigy A A ) (31, x7) = 7/16,
and therefore (fig A Ag)(Xi, X)) < (Jig A Ag)(Xi, X7) < (Jig A Ag) (X7, X7) so the
triple associated with the hypergroupoid (H x H,®) is (k?,2kl, ). Let us suppose

fi(x1) = 10/225, T(xper) = 11/225
Ax1) = 5/225, Mxpy1) = 4/225

we find (7, A o) (x,x7) = 100/225, (71 A Ao) (1, x7) = 110/225, (i A Xg) (X7, x7) = 104/225,

and so (fg AXg)(xi,X) < (g AXa) (X1, X7) < (g AAg)(xi,x7) such that
(k?, I, 2kl) is the triple associated with the hypergroupoid (H x H,®). Similarly If

fi(x1) = 24/900 Fi(xes1) = 25/900
Nx1) = 6/900, Nxii1) = 5/900

we obtain (fiy A As)(xr, Xy) < (fig A Ae)(xi,X7) < (g A Ag)(x,x;) and triple
(P, 2kl k?) is associated with the hypergroupoid (H x H,®). Similar examples can
be found, and therefore, we find 6 triples associated with (H x H, ®).

Theorem 4.3 (Cristea & Davvaz, 2010) Let (ki,k»,....k.) be the r-tuple
associated with an arbitrary hypergroupoid (H,o). If for any j, 1 <j < [,
kj = k11 ;, then, with the join space 'H one associates the l—tup;ie
(2ky, 2ka, ..., 2k)), if r = 21, (1+ 1)-tuple (2ky, 2ka, ..., 2k kyy ) if r =21+ 1.

Now we recall here the Atanassov’s intuitionistic fuzzy grade the
hypergroupoid (H, o) where |[H/R; 5| € {2,3}.
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Theorem 4.4 ( Anchluta & Cristea, 2012) Let (H,o) be a hypergroupoid of
cardinality n

(1) If|[H/Rgn,| = 2, that is with H one associates the pair (ki, k»), and
(a) ifk; =k, then we have i.f.g.(H) = 2.
(b) ifk; # ky, then we have i.f.g.(H) = 1.
(2)  If|H/Rgn,| = 3, that is with H one associates the ternary (ki, k2, k3),
(a) ifk; = ky = ks, then i.f.g.(H) = 2.

(b) if ky # ky # ks, then i.f.g.(H) = 2 whenever 2k; # k;, and i.f.g.(H) = 3,
whenver 2k; = k».

(¢) if ky < ky = ks, then if.g.(H) =1, whenever 2k3 > 3kik, + 3k}, and
i.f.g.(H) = 3, otherwise.

(e) if ky # ky # k3, then there is no precise order between
pr (x) AN (X), 1 () AN (9), 1 (2) A A (2), and therefore i.f.g.(H) € {1,2,3}.

Now, by using the above theorems, first we calculate the fuzzy grade of the
Atanassov’s intuitionistic fuzzy grade of the hypergroupoid (H x H,®) when
|H/R;,5| = 2, and finally we obtain the Atanassov’s intuitionistic fuzzy grade of
the direct product of two distinct hypergroupoids, that is (H x H, ®).

Proposition 4.5 Let us suppose that (k,l) be the pair associated with the
hypergroupoid H,

(a) TIfk=1,thenifg.(Hx H) € {2,3}.
(b) If k # 1,2k =/ we obtain i.f.g.(H x H) € {1,2,3}.
(c)Ifk # [,and 2k # 1 we find i.f.g.(H x H) € {1,2,3}.
Proof: By using Proposition 4.2, we obtain that
(@)  If k = [, triples associated with H x H are (2, 2,2P), 22,2, P), (P,2P, )

(@) If (P,2,2P) be the triple associated with H x H, that is
ki =k, < ks, since k3 = 2k, by Proposition 4.4 (d), we result that
ifg.(Hx H) = 2.

(@) Now, we consider triple (222, %, %), and therefore by Proposition 4.4
(c), we find i.f.g.(H x H) = 3.

(a3) Similarly, if (Z,2,7), then by Proposition 4.4 (2) (b), since
ky = 2ky, we find i.f.g.(H x H) = 3.

If k # I, we consider two below cases. (we suppose (k < /)).
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(b)  If 2k = [, then the triples associated with H x H are (P, 2, k), (k*, 2, P),
(P K2 P)

(by) If (2,2, k?) be the triple associated with H x H, by Proposition 4.4
(d) we obtain i.f.g.(H x H) € {1,2}.

(h2) Let us consider (k?,/2,), and so by Proposition 4.4 (c) we find
if.g.(Hx H) e {l,3}.

(b3) Similarly, if (P,k* ), by Proposition 4.4 (2) (b) we find
if.g.(Hx H) e {2,3}.

(c) If2k # 1, then k> # 2kl # I then by Proposition 4.4 (e), then there is no precise
order between (772), (1) A (30), (3), (75),(0) A (30), (), (72),2) A (o), (), and
soif.g.(Hx H) € {1,2,3}.

Proposition 4.6 Let (Hy,01) and (H,,0;) be two distinct hypergroupoids such
that |H]/Rﬁm51| = |H2/RE2AX2| =2, we write H; as the union Hy = C; U Cy,
|Ci| =k, |Ca| =1 and Hy = CyUCy =m, |Cy| =n. If for any x € Cy,y € Ca,
x' e ),y € C, we have

() Fe(x,)) =Te(,X), then Ag(x,)') =As(y,x'), and therefore

|(H1 X H2)|Rﬂ®/\x®| = 3.
(i) 7o(x,)) # (3, X)), then Ao(x,)) # Xe(r,X), and thereby
(Hy x H)|R, 5 | =4

Proof: We consider
Hy x Hy = {(x,x'), (x,)), 0, xX), »,))}x € C1,y € Co,x' € C},¥ € C4}0

(i) If (ig A Xe)(x,)') = (g A As)(r, X'), as Proposition 4.2, we can obtain
6 triples associated with H;x H;, for example if
(s A Re)(%,) < (i ARe)(x,0') < (i A X)), then [(Hy x Ho)|Ry 5 | =3
and the triple associated with H, x H, is (km,kn + Im,In).

(i) If (i A Xe)(x,)") # (Fig A As) (1, X'), we find different 4-tuples associated
with (H,, H), for example if

(fies A Xe) (x,%) < (i A Aa)(%,) < (i A XNa) (0, X)) < (g A Aa) (3,))
then |(H) x H>)|R; =4 and the 4-tuple associated with H,, H; is
(km, kn,Im, In).

®/\X® |

We analyze now the Atanassov’s intuitionistic fuzzy grade of the
hypergroupoid H; x H, when the pairs associated with H, and H, are (k, k) and
(1,1), respectively.

Proposition 4.7 Let (k,k) and (I,]) be the pairs associated with the
hypergroupoid (Hy,o1) and (H;, 0,), respectively, then i.f.g.(H, x H,) € {1,2,3}.
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(i) If (g AAe)(x,)) = (fig A Xs)(»,X), by Proposition 4.4 (e), we have
if.g.(Hy x Hy) € {1,2,3}.

(i) If (7y A Ae)(x,)) # (Tig A As)(p, X'), by Proposition 4.6, we associate the
4-tuple (ki ki, kil ki) to H; x H,, then by Theorem 4.3, we associate the
pair (2kl, 2kl) to the join space ' (H, x H,), and thereby by Proposition 4.4,
(1) (a), if.g.(Hi x Hy) = 3.

Now, we give an example of a hypergroupoid H;| x H, such that (3,3) and
(2,2) be the pairs associated with H; and H>, respectively.

Example 1: Let us suppose the hypergroupoid H, = {by, by, b3, ba, bs, bs} that is
represented by the following table:

oy by by b3 by bs b
b b by b3 by bs bs
by b3 by by bs bs
by by b bs b
by be {b1,b2,b3} b3
bs be by
be {b1, b2, b3}

then
fy(br) = 1y (b2) = 1y (bs) = 2/18, uy(bsa) = 1y (bs) = Ty (be) = 4/18
A (b1) = A(b2) = A (b3) = 5/18, Xi(bs) = Ai(bs) = A (bg) = 3/18
As we observe the pair associated with H; is (3,3), H = C,UC,,
C1 ={by,b2,b3}, Cy = {b4,bs,bs}.
The hypergroupoid H, = {a;, a2, a3, as} has the below table:

02 ap a as ay
ay a) a as ay
ar as {Lll : a4} ar
as ar as
ay aj

then we calculate
Ty(ay) = My(as) = 3/16, [iy(az) = fiy(az) = 5/16

)\z(al) = Xz(a4> = 12/16, )\2(612) = Xz(a3) = 10/16
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therefore the pair associated with H; is (2,2), Hy = C{UC,, C| = {ai, as},
C, = {a»,a3}, and so

ﬁ®(a1,b4) = 12/288, ﬁ®(a2,b1) = 10/288

X@(Cll,b4) = 12/288, X®(a2,b1) = 10/288
so we find

(7o AL (ar, bs) = 12/288 # (71, AL ) (a2, b) = 10/288

Thereby by Proposition 4.7 (ii), we obtain that (6, 6,6, 6) is 4-tuple associated
with H; x H,, then by Theorem 4.3, it follwos that (12, 12) is the pair associated
with !(H, x H,) and therefore by Proposition 4.4 (1) (a), i.f.g.(H, x H,) = 3.
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