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1. INTRODUCTION

Marty [31] introduced the natural generalization of classical algebraic struc-
tures, known as algebraic hyperstructures. In a classical algebraic structure,
the composition of two elements is an element while in algebraic hyperstruc-
tures, the composition of two elements is a non-empty set. Hasankhani [23]
defined ideals in right(left) semihypergroups and introduced the hyper versions
of Green’s relations.

The notion of T'-semigroup was introduced by Sen [36] as a generalization
of semigroups and ternary semigroups. Several authors extended some results
of semigroups to I'-semigroups. Davvaz et al. [24] introduced the notion of I'-
semihypergroup as a generalization of I'-semigroup. They defined I'-hyperideals
in I'-semihypergroups. For other results and examples, refer to [1, 5, 15, 16,
25, 26, 39].

Sardar et al. [35] introduced and fuzzified the notion of interior ideal in
I-semigroups. Feng and Corsini [20] defined interior ideal of an ordered I'-
semigroup. They introduced the notions of (A, u)-fuzzy ideals and (A, p)-
fuzzy interior ideals of an ordered I'-semigroup. Ersoy et. al [17] intro-
duced the notions of interior I’-hyperideal and fuzzy interior I'-hyperideal in I'-
semihypergroup and defined interior simple I'-semihypergroup. Recently, Tang
et. al [41] introduced interior T'-hyperideals of ordered I'-semihypergroups and
discussed fuzzy interior I'-hyperideals of ordered I'-semihypergroups.

Soft set theory is basically the generalization of fuzzy set theory which was
introduced by Molodtsov [33] to deal uncertain and complex problems in many
areas such as engineering, medical science, environmental science, social science
etc. because this types of problems cannot be dealt by classical methods. Maji
et al. [30] presented some basic algebraic operations on soft sets and provided
an analytical approach to the theory of soft sets. Researches work on soft
set theory and its applications in various fields are progressing rabidly. The
algebraic structures of soft sets have been studied by Feng et al. [19, 21]
on semirings and semigroups, Aktas and Cagman [9, 3] on groups, Ma and
Zhan [29], and Zhan et al. [44] on hemirings and so on. Anvariyeh et. al. [6]
initiated soft semihypergroups by using the soft set theory. Naz and Shabir [34]
investigated the basic terms and properties of soft sets. They relate soft sets
with the concept of semihypergroups. Farooq et al. [18] characterized regular
and left regular ordered semihypergroups using intersection soft generalized bi-
hyperideals (see also [38]). In [2], ordered I'-semihypergroups in terms of soft
intersection I'-hyperideals were studied. Feng et. al. [22] studied on several
types of soft subsets and various soft equal relations and in [21], they introduced
soft binary relations. In [28], Liu et. al. generalized soft M-subsets and soft M-
equal relations in a natural way. Khademan et. al. [27] introduced fuzzy soft
positive implicative hyper BCK-ideals and investigated their several properties.
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Recently, several papers have been published on soft set theory and hy-
perstructure theory. However, studies on the fundamental structure of I'-
semihypergroups in terms of soft set theory remained untouched. Therefore,
this finding encouraged the need to make a such study and generalize some
known results on ['-semihypergroups using soft set theory. The main motive
of this paper is to study some structural properties of I'-semihypergroups ap-
plying the soft set theory. In this paper, the concepts of soft generalized inte-
rior I'-hyperideals and soft generalized bi-I'-hyperideals of I'-semihypergroups
are introduced and some characterizations of regular, intra-regular, semisim-
ple and right weakly regular I'-semihypergroups in terms of soft generalized
I-hyperideals are studied.

Throughout the paper we represent:
S : I'-Semihypergroup
V : an initial universe
FE : a set of parameters
F(S) : set of all soft sets of S over V
P(V) : the powerset of V and A, B, C C E.

2. PRELIMINARIES
2.1. I'-semihypergroup.

Definition 2.1. [12, 14] Let S be a non-empty set and let p*(S) be the set
of all non-empty subsets of S. A hyperoperation on S is a mapo: Sx S —
©*(S) and (S, 0) is called a hypergroupoid.

Definition 2.2. [12, 14] A hypergroupoid (S, o) is called a semihypergroup if
for all z, y, z of S we have (z o y) 0 z = z o (y o z), which means that

U woz= U zow

uecxroy vEYoz
If x € S and A and B are non-empty subsets of S, then we denote
AoB= |J aobzrzoA={r}oAand Aox=Ao{z}.
a€A,beB
Definition 2.3. [24] Let S and I' be two non-empty sets. S is called a I'-
semihypergroup if every v € T' is a hyperoperation on S, i.e, xyy C S for
every x, y € S, such that, for a,b,¢,d € S,v,v1 € I';a=c¢,b=d,y = imply
avb = ¢y1d and for every o, § € I" and z, y, z € S we have za(yBz) = (vay)Bz,

which means that |J wfz= |J zawv.
uETQy vEYLZ

If every v € I' is an operation, then S is a I'-semigroup.

If (S,~) is a hypergroup for every v € I', then S is called a I'-hypergroup.
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Let A and B be two non-empty subsets of S and v € I'. We define:
AyB =U{avb|a € A b€ B }. Also

ATB=U{aw|ac A becBandyel } = |J A4AyB.
~erT

Definition 2.4. [24] A non-empty subset T of a I'-semihypergroup S is called
sub-I"-semihypergroup of S if t; v to C T for every t1,to € T and v € I'.
Definition 2.5. [24] A non-empty subset I of a I'-semihypergroup S is called
a left(right) T-hyperideal of Sif ST I C I(I T' S C I, respectively) and is a
I'-hyperideal of S if it is both a left and a right I'-hyperideal.

Definition 2.6. [24] Let A be a non-empty subset of a I'-semihypergroup S.

Then, intersection of all hyperideals of S containing A is an ideal of S generated
by A, and denoted by < A >.

Lemma 2.7. [24] Let S be a I'-semihypergroup. If A is a non-empty subset of
S, then

<A>=AUAT'SUSI'A U ST'AT'S.
Similarly, < A >, = AU AT'S and < A >, = AU ST'A. If A = {a}, then we
write < {a} >, = <a >, and < {a} > = <a >
Definition 2.8. [4] A sub-TI-semihypergroup B of S is called a bi-I-hyperideal
of S, if BI'SI'B C B.

Definition 2.9. [17] A sub-T'-semihypergroup I of S is called an interior-T™-
hyperideal of S, if STIT'S C I.

Definition 2.10. [17] A T'-semihypergroup S is called an interior simple T'-
semihypergroup, if it has no proper interior I'-hyperideal.

Lemma 2.11. [17] Let S be a I'-semihypergroup S. For anya € S, ST a T
S is an interior I'-hyperideal of S.

Lemma 2.12. [17] Let S be a T'-semihypergroup. Then S is an interior simple
if and only if ST a ' S =S foralla € S.

Definition 2.13. [43] A I'-semihypergroup S is called regular, if for each s €
S there exists x € Ssuch that s € sT' z I s.

Definition 2.14. [43] A T-semihypergroup S is called intra-regular, if for each
a € S there exist z, y € Ssuchthatac zI'a'a ' y.

2.2. Soft Sets.

Definition 2.15. [8, 33] A soft set F4 over V is a set defined by F4 : E —
P(V) such that Fa(z) = 0 if z ¢ A.

Here F4 is also called an approximate function. A soft set over V can be
represented by the set of ordered pairs
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Fa={(z, Falz)) : z€ E, Fa(zx) e PV}

It is clear to see that a soft set is a parameterized family of subsets of the set

V.

Definition 2.16. [8] Let Fa, Fp € F(S). Then, F4 is called a soft subset of
Fp and denoted by F4 C Fpg, if Fa(x) C Fp(z) for all x € E.

Definition 2.17. [8] Let Fa4, ]:B~€ F(S). Then, union of F4 and Fp denoted
by ]:A U .7'—3, is defined as -FA U ]:B = ‘FAGB’ where fADB(:C) = fA(JI) U
Fp(x) forall x € E.

Definition 2.18. [8] Let F4, Fp € F(S). Then, intersection of F4 and Fp
denoted by Fa () Fp, is defined as Fa (| Fp = Funp, Where Fuxp(z) =
Fa(z) () Fp(z) for all x € E.

Definition 2.19. Let Y be a subset of S. We denote the soft characteristic
function of Y by Sy and is defined as:

V,ifyeyY
S =
v (y) {(Z)ifygéY.

Definition 2.20. Let F4 be a soft set over V and § C V Then, upper §-
inclusion of F4 is denoted by V(Fa4 ; d) and is defined as

V(Fa; 8)={z € A| Fa(z) 2 §}.

In this paper, we denote a I'-semihypergroup S as a set of parameters.
Let S be a I'-semihypergroup. For z € S, we define $, = {(y,z) € S x
S|z € yT z}.

Definition 2.21. Let Fg and Gg be two soft sets of a ['-semihypergroup S
over V. Then soft product Fg & Gg is a soft set of S over V, defined by
U {Fs(y)NGs(z)}if $ #0
(Fs ¢ Gs)(x) = ¢ (4,2)€8
0if . =0

for all z € S.

Theorem 2.22. Let X and Y be non-empty subsets of a I'-semihypergroup S.
Then

(1) If X €Y, then Sx € Sy

(2) Sx | Sy = Sxny , Sx U Sy = Sxuy-

(3) SX S Sy = SXFY

Theorem 2.23. Let S be a I'-semihypergroup and F(S) be the set of all soft
sets of S over V. Then, for any Fs, Gs and Hg € F(S),

(Fs 2 Gs) o Hs) = (Fs & (Gs & Hs)).
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Definition 2.24. A non-null soft set Fg is said to be an S.I. sub I'-semihypergroup
of S over V if
N Fs@) 2 Fs(z) N Fs(y) Va,y €S.
vexly
Definition 2.25. A non-null soft set Fg is said to be an S.I. left(resp., right)
I'-hyperideal of S over V if
N Fs(¥) 2 Fs(y) (resp. (| Fs(¥) 2 Fs(x)) Va,y€S.
vexly vexzly
Definition 2.26. A non-null soft set Fg is said to be an S.I. I'-hyperideal of
S over V if it is both an S.I. left and an S.I. right I"-hyperideal of S over V.

3. SOFT GENERALIZED I'-HYPERIDEALS

In this section, the notions of soft intersection generalized interior I'-hyperideals
(briefly, S.I. generalized interior I'-hyperideals) and soft intersection generalized
bi-I'-hyperideals (briefly, S.I. generalized bi-TI-hyperideals) of I-semihypergroups
are introduced and some useful results with respect to the soft intersection
product (briefly, S.I. product) are studied.

Definition 3.1. A non-empty subset I of a I'-semihypergroup S is called a
generalized interior-I-hyperideal of S, if ST'IT'S C 1.

Definition 3.2. A non-empty subset B of a I'-semihypergroup S is called a
generalized bi-I'-hyperideal of S, if BI'SI'B C B.

Let A(# @) C S and let
I={I| 1isa generalized interior I — hyperideal of S contaning A }.

Then I # (), because S itself is a generalized interior I'-hyperideal.

Let <A >;,. = ()1I. Then < A >;  is a generalized interior I'-hyperideal
I€l
of S. <A >;, ., isasmallest generalized interior I'-hyperideal of S containing

Aand < A >;  is called generalized interior-I'-hyperideal of S generated by
A. Analogously, we define smallest generalized bi-I'-hyperideal of S containing
A and we denote it by < A >,

gen ®

Theorem 3.3. For a non-empty subset A of a I'-semihypergroup S,
< A>;,., =AUSLATS.

Proof. Let I = AUSTAT'S, then for every a € A, s1, so € S and 71, y2 € T,
we have

s1y1ay7282 C  STIT'S
= ST (AUSTATS)I'S
= ST AI'SUSI'STAI'STS
C STATS
c I
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Therefore, I is a generalized interior-I'-hyperideal of S. Let I3 be any general-
ized interior I’-hyperideal of S containing A. Then

ST'AT'S C ST'LI'S

c L.

It implies A U STAT'S C I; and hence I is the smallest generalized interior
[-hyperideal of S containing A. Thus, < A >; = =1= AUSTATS. O

Theorem 3.4. For a non-empty subset A of a I'-semihypergroup S,
<A>, =AUAI'STA.

gen

Moreover, if A = {a}, then < {a} >; ., = aUST'al'S and < {a} >;,., =

gen
aUal'ST'a. We write < {a} >;,., as <a >;,, and < {a} >, as < a >

gen gen ®

Definition 3.5. A non-null soft set Fg is said to be an S.1I. generalized interior
I'-hyperideal of a I'-semihypergroup S over V if

N Fs@W) 2 Fsly) Va,y,z€8.
vexTyl'z

EXAMPLE 3.6. A grocery store is giving some offers for its products which can
be defined in a set

S = {Soap, Toothpaste, 1 Kg Sugar, 1 Kg Tea}.
The offer is defined by the following multiplication table:

o H Soap Toothpaste 1 Kg Sugar 1 Kg Tea
Soap Soap Soap Soap Soap
Toothpaste || Soap Soap Soap Soap
1 Kg Sugar || Soap Soap Soap {Soap, Toothpaste}
1 Kg Tea Soap Soap {Soap, Toothpaste} {Soap, Toothpaste, 1 Kg Sugar}

The hyperoperation defined in the above composition table as:

z o y = On purchasing an 'z’ item and an 'y’ item from the grocery store,
buyer can get ‘X’ items absolutely free, where z, y € S and X C S. Then
(S,T') will be a I'-semihypergroup, where I" = {’o’}.

Let V = {P1, P>, Ps} be the set of peoples who have come to buy some
products in grocery store. Define a soft set Fg : S — P(V) by

Fs(Soap) = {P1, P2, P3}, denotes the peoples who got one soap absolutely
free
Fs(Toothpaste) = { Py, P2}, denotes the peoples who got one toothpaste
absolutely free
Fs(Sugar) = {Ps}, denotes the peoples who got 1 Kg sugar absolutely free
and
Fs(Tea) = B, denotes the peoples who got 1 Kg tea absolutely free.
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Thus, we can verify that (|  Fs(¥) 2 Fs(y) V z, y, 2 € S. In particular,
vexl'yl'z
take x = Sugar, y = Tea and z = Soap. Then, we have

zI'yl'z = Sugarl'Teal'Soap

Sugar o Tea o Soap
= {Soap, Toothpaste} o Soap
(Soap o Soap) U (Toothpaste o Soap)

= Soap U Soap
Soap.
It implies N Fs(¥) = Fs(Soap) = {P1, Pa, P3} 2 Fs(Tea)
veSugarl'Teal' Soap

= (. Therefore Fg is an S.I. generalized interior I'-hyperideal of S over V
but Fg is not an S.I. T-hyperideal because N Fs(9) = Fs(soap) N

YEsugar o tea

Fs(toothpaste) = {P1, P} 2 Fs(sugar) = {Ps}.

Definition 3.7. An S.I. generalized interior I'-hyperideal Fg is said to be an
S.I. interior I-hyperideal of a I'-semihypergroup S over V if Fg is also an S.I.
sub I'-semihypergroup of S over V.

Definition 3.8. A non-null soft set Fg is said to be an S.I. generalized bi-I"-
hyperideal of a I'-semihypergroup S over V if
N Fs() 2 Fs(x) N Fs(z) Va,y,z€8.
vexTyl'z

EXAMPLE 3.9. A pathlab is giving two types of offers for couples(Husband and
Wife) on some common tests, defined in a set

S = { LiverFunctionTest(KFT) KidneyFunctionTest(KFT), Cholesterol(Ch.),
Glucose(Gl.), Hemoglobin(Hemo.)} with the following composition tables:

« LFT KFT Ch. GL Hemo.
LFT | {KFT, Hemo.} Hemo. Ch. {Ch., Gl.} Hemo.
KFT Hemo. Hemo. Ch. {Ch., GL}  Hemo.
Ch. Ch. Hemo. Ch. Ch. Hemo.
Gl {Ch., GL.} {Ch., GL.} Ch. Gl {Ch., GL.}

Hemo. Hemo. Hemo. Ch. {Ch., Gl.} Hemo.

B LFT KFT Ch. Gl Hemo.
LFT | {LFT,KFT } {KFT, Hemo.} Ch. {Ch.,GL}  Hemo.
KFT || { KFT, Hemo. } Hemo. Ch. {Ch., Gl.}  Hemo.
Ch. Ch. Ch. Ch. Ch. Ch.
Gl {Ch., G1.} {Ch., GL.} Ch. Gl {Ch., Gl.}

Hemo. Hemo. Hemo. Ch. {Ch.,Gl.}  Hemo.

Let H = "Husband’ and W = "Wife’. Then the hyperoperations o and 3 defined
in the above composition tables as:
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(x « y) = If the pathlab does x test on H and y test on W, then the lab will
give 50 percent discount on X tests to H, where z,y € S and X C S.

i.e. LFT a KFT = If the pathlab does LEFT test on H and KFT test on W,
then the lab will give 50 percent discount on {K FT, Hemo.} tests to H.

(x B y)=1If the pathlab does x test on H and y test on W, then the lab will
give 50 percent discount on X tests to W, where z,y € S and X C S.

i.e. LFT 8 KFT = If the pathlab does LFT test on H and KFT test on W,
then the lab will give 50 percent discount on {LFT, KFT} tests to W.
Therefore, (S, T' ) will be a I'-semihypergroup, where I' = {«, 8}. Now, let U
= {C1, Cy, C5, Cy4, Cs} be the set of couples(Husband and Wife) who did
this tests. Define a soft set Fg : S — P(U) by

Fs(LFT) = {C1, Cs}, denotes the couples who have done LFT test
Fs(KFT) = {C1, Cy, Cs}, denotes the couples who have done KFT test
Fs(Ch.) = {C1, Cs, C3, C4}, denotes the couples who have done Cholesterol
test
Fs(Gl) ={C1, Cy, C5, C4, Cs5}, denotes the couples who have done
Glucose test(Sugar test ) and
Fs(Hemo.) = {Cy, Cs}, denotes the couples who have done Hemoglobin test.
Then, we can verify that (| Fs(¥) 2 Fs(x) N Fs(z) V z, y, z € S.

vexl'ylz
Therefore, Fg is an S.I. generalized bi-I-hyperideal of S over U.

Theorem 3.10. A non-null soft set Fs is an S.I. generalized interior I'-
hyperideal of a I'-semihypergroup S over V if and only if Ss & Fs & Ss C Fg.

Proof. Suppose that Fg is an S.I. generalized interior I'-hyperideal of a I'-

semihypergroup S over V. Then, we have (| Fs(¥) 2D Fs(y)Vx,y, z €S.
vexl'ylz
Now, if $, = 0, then (Ss ¢ Fg & Sg)(z) = 0. Tt is clear that (Sg & Fs & Sg)(x)
C Fs(z), therefore S¢ & Fs & Ss C Fg.
If $, # 0, then there exist u, v € S such that x e u Tvandu € p T q.
Hence, we have

(Ss & Fs 8 Ss)(x) = ((Sséfs)éss)(l"):< L)JS [(Ss & Fs)(u) N Ss(v)]
u,v)ESy

= EUF [(Ss & Fs)(u) N Ss(v)]

= U [ U (SswNFs(@)NSs)]
zeul'v (p,q)ESy

= U [ U Sstp)NFs(@)NSs(v)]
zeul'v uepl'q

= U [ U SsNFs@)NV]
zcul'v ueplyq

= U [ U Sswnrs@))= U [ U (VNFs(@)]
zeul'v wuéEplq zeul'v ué€plq

= U [ U FW@l= U (Fs@)

zeulv wu€plq z€(pl'q)l'v

c { n mohc u { 0 e
zE(qu)Fv verlql't z€(pl'q)T'v L xzerlql't
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as Fg is an S.I. generalized interior I'-hyperideal of S

Therefore, Sg & Fg &

Conversely, suppose that Sg ¢ Fg & Sg C Fg.

< u { n mw)
z€(pT'q)Tv \ zeplqly

= Fgs(x).

Sg C Fg.

Then, we have to show

that Fg is an S.I. generalized interior I'-hyperideal of S over V. Now, we have

) QF Fs(0) 2 ) Qr (Ss & Fs & Ss)(V)

= ((Ss & Fs) & Ss)(V)
ﬁGIFsz

- { U Fo) N Ss()] |
19€waFz (u, 11)€$§

- { £9)w N 8s(0)] }
1969cl"yl"z YEU F'U

. { (Ss() N F5(@) NS (0]
ﬁEIFsz Yeul'v (p,q)ES

: { U (SN Fsl) NSs)]
196szFz Yeul'v uEpI‘q

- { U TU @soinzs@)nv]}
ﬂGII‘sz veul'v uEqu

= { U (Ss(p)NFs( ))]}
19611“sz Jeul'v uEqu

- 0 {,U U vn7se)]
ﬂGxFsz Yeul'v uEqu

- n {u iy e
1969c1"y1"z Jeul'v quFq

> ﬁEIFsz { veul'v ’LLE:EFy ]:S(y))] }

= 1969c1"y1"z { veul'z uesz ]:S (y))] }

B ﬁEmFsz { ﬁe(a:LIJy)Fz (]:S (y))}

= Fs(y)-

This implies Fg is an S.I. generalized interior I'-hyperideal of S over V.

]

Theorem 3.11. A non-null soft Fs is an S.I. sub I'-semihypergroup of a
I-semihypergroup S over V if and only if

Fs & Fs C Fg.

Theorem 3.12. A non-null soft Fs is an S.I. left T'-hyperideal of a T'-
semihypergroup S over V if and only if

Ss & Fg C Fs.
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Theorem 3.13. A non-null soft set Fs is an S.I. right T'-hyperideal of a
I'-semihypergroup S over V if and only if

Fs & Ss C Fg.
Theorem 3.14. A non-null soft set Fg is an S.I. generalized bi I'-hyperideal
of a I'-semihypergroup S over V if and only if
Fs & Sg & Fs C Fg.
Theorem 3.15. If Fg and Gg are two S.L. generalized interior I'-hyperideals

of a T'-semihypergroup S over V. Then Fg () Gs is also an S.I. generalized
interior I'-hyperideal of S over V.

Proof. Suppose that Fg and Gg are two S.I. generalized interior I'-hyperideals
of a I'-semihypergroup S over V. Then, we have

Ss 3 (Fs(1Gs)8Ss T Ss6Fsd8s

CE Fs
and N
Ss 3 (FsNGs)8Ss T Sg3GsdSs
CE Gs
It imPheS’ Ss & (]:S ﬁ gS) $ Sg C Fs ﬁ Gs. Hence, Fg ﬁ Gg is an S.I.
generalized interior I'-hyperideal of S over V. m

Theorem 3.16. Every S.I. I'-hyperideal of a I'-semihypergroup S overV is an
S.1. generalized interior I'-hyperideal of a T'-semhypergroup S over V.

Proof. Let Fg be an S.I. I-hyperideal of a I'-semihypergroup S over V. Then
Ss & Fs E Fgand Fg & Sg C Fg. Now

Sséfséss = (856.7:5)085
C FsdSs
C Fs.
Hence, Fg is an S.I. generalized interior I'-hyperideal of S over V. (]

Theorem 3.17. If Fs and Gg are S.I. left and S.I. right T'-hyperideals of
a I'-semihypergroup S over V. Then, the S.I. product Fs & Gg is an S.I
generalized interior I'-hyperideal of S over V.

Proof. Let Fs and Gg be the S.I. left and S.I. right I'-hyperideals of a I'-

semihypergroup S over V. Then Sg & Fg C Fs and Gs & Sg C Gg. Now, we
have

S5 8 (Fs 8Gs) ¢ Ss

(S5 & (Fs 6 Gs)) ¢ Ss)

((Ss & Fs) 8 Gs) & Ss)

(Fs ¢ Gg) & Sg, as Fg is an S.I. left I' — hyperideal of S over V
Fs d(Gs & Sg)

Fs & Gg, as Gg is an S.I. right I' — hyperideal of S over V.

([ | ||

It follows that Fs & Gg is an S.I. generalized interior I'-hyperideal of S over
V. |
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Now, it is easy to prove the following proposition.

Proposition 3.18. For any S.I. sub-I'-semihypergroup Fs, Ss & Fs & Sg
is an S.1. generalized interior I'-hyperideal of a I'-semihypergroup S over V.

Proposition 3.19. If Fs is an S.I. generalized interior I'-hyperideal of a T'-
semihypergroup S over V. Then, Sg & Fs and Fs & Sg are S.1. generalized
interior I'-hyperideals of S over V.

Theorem 3.20. Let X be any non-empty subset of a I'-semihypergroup S.
Then X is a generalized interior I'-hyperideal of S if and only if its characteristic
soft function Sx is an S.I. generalized interior I'-hyperideal of S over V.

Proof. Let X be an interior I'-hyperideal of a I'-semihypergroup S. Then,
SI'XTS C X. Now,

Ss&Sx S = Ssrxrs
C Sx
This shows that Sx is an S.I. generalized interior I'-hyperideal of S over V.
Conversely, suppose that Sx is an S.I. generalized interior I'-hyperideal of S
over V. Let y € ST XT'S, then

Sx(y) 2 (Ss38x ¢Ss)(y)

Ssrxrs(y)
- V.
It implies y € X. Hence, STXT'S C X. Therefore, X is a generalized interior
I'-hyperideal of S. O

Theorem 3.21. A non-null soft set Fs of a I'-semihypergroup S over V is
an S.1. generalized interior I'-hyperideal of S over V if and only if for each
non-empty upper d-inclusion of Fg is a generalized interior I'-hyperideal of S.

Proof. Suppose that Fg is an S.I. generalized interior I'-hyperideal of a I'-
semihypergroup S over V and upper d-inclusion of Fg, V(Fs ; §) # 0, where §
CV.Letae ST V(Fs; 6)I'S. Thena € ul bT v for some u, v € S and
b e V(Fs; §). Now, Fg is an S.I. generalized interior I-hyperideal of S over

V. We have N Fs(¥) 2 Fs(b). As, a € w T b T v it implies Fg(a) D
veu ' b T v
§. Thus a € V(Fg ; 0) and hence, ST V(Fg; §) I' S C V(Fg ; §). Therefore,

V(Fs ; 9) is a generalized interior I'-hyperideal of S.
Conversely, suppose each non-empty upper d-inclusion of Fg is a generalized
interior I’-hyperideal of S, for every 6 C V. Then we have to prove that

N Fs(¥) O Fg(a) for all a, u, v € S. Assume that Fg(a) = 0, then
veu ' aT v
a € V(Fs; d). Now,uT' a T' v C V(Fg ; 0), since V(Fs ; d) is an inte-

rior I*-hyperideal of S. Then, for all ¥ € u I' a " v, we have Fg(d¥) O § and
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hence, Fs(a) =0 C N Fs(9). Hence, Fg is an S.I. generalized interior
veu T a T v
I’-hyperideal of S over V. |

4. CHARACTERIZATIONS OF REGULAR AND INTRA-REGULAR
I'-SEMIHYPERGROUPS

In this section, we characterize regular and intra-regular I'-Semihypergroups
using S.I. generalized interior I-hyperideals and prove that for intra-regular I'-
semihypergroups, every S.I. generalized interior I'-hyperideal of S over V is a
constant function.

Theorem 4.1. For a regular I'-semihypergroup S, every S.I. generalized inte-
rior I'-hyperideal of S over V is an S.I. interior I'-hyperideal of S over V.

Proof. Let S be a regular I'-semihypergroup and Fg an S.I. generalized interior
I'-hyperideal of S over V. As S is regular, it implies for any a € S there exists
x € Ssuch that a € a T « T a. Thus for any b € S, we have al'db C al'zT'al'd.
Now,

N Fs@) 2 N Fs()
v€ald Jeal'zlal'b
= Fs(9)
Y€ (al'z)lal’b
D Fs(a), as Fg is an S.I. generalized interior I' — hyperideal
D Fs(a) N Fs(b).

It implies, Fg is an S.I. interior I-hyperideal of S over V.
O

Theorem 4.2. For a regular I'-semihypergroup S, every S.I. generalized inte-
rior I'-hyperideal of S over V is an S.I. I'-hyperideal of S over V.

Proof. Proof is similar as given Theorem 4.1. |

Corollary 4.3. For a regular I'-semihypergroup S, every S.I. interior I'-
hyperideal of S over V is an S.1. T'-hyperideal of S over V.

Theorem 4.4. For a I'-semihypergroup S, the following conditions are equiv-
alent:

(1) S is regular;

(2) RN I N LC RUITL for every right T'-hyperideal R, for every generalized
interior I'-hyperideal I and for every left I'-hyperideal L of S;

(3)<a> N <b>,, N <c>C<a>T<b>, T <c> forall
a,b,c €8;

(4)<a> N <a>,, N <a>C<a>T<a>;,, I <a> forala
€ S.
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Proof. Suppose that S is a regular I'-semihypergroup and R, I, L are left, gen-
eralized interior and left I'-hyperideal of S, respectively. As S is regular, thus
for any a € S, there exists € S such that a € al'xT'a. Now,

alxTa

al'zl'al’'xla

alxTal’'xTal'xTa

(aT'azla)’(zTal'z)Ta. (4.1)

a

N 1N m

Let a € R N I N L. Then, from (4.1)

a € (al'zla)'(zTal'z)la
C (RISTS)I(STITS)r'L
C (RI'S)I(STITS)I'L
C RI'ITL.

It implies R N I N L C RTITL.

(2) = (3) and (3) = (4) is obvious.

(4) = (1)

Suppose that (4) holds. To show S is regular, we have

a <a>y N <a>q, N <a>;
<a>T<a>,,, I'<a>
(aU (aI'S))I'(a U (ST'al'S))I'(a U (STa))

(aT'al'a) U (aI'STa).

NN m

It would imply that a € al'al'a or al'ST'a. Therefore, S is a regular I'-
semihypergroup. O

Theorem 4.5. Let S be a I'-semihypergroup. Then the following conditions
are equivalent:

(1) S is regular;

(2) Fs ﬁ Gs ﬁ Hs C Fs & Gs & Hg, for every S.I. generalized bi I'-hyperideal
Fs, Hs of S over V and every S.I. generalized interior I'-hyperideal Gs of S
over V;

(3) Fs ﬁ Gs ﬁ Hs C Fs & Gg & Hg, for every S.1. right T'-hyperideal Fs of
S over V, every S.1. generalized interior I'-hyperideal Gs of S over V and for
every S.1. left I'-hyperideal Hg of S over V.

Proof. Let S be a regular I'-semihypergroup. Then for any a € S, there exists
x € S such that a € al'zT'a. Now

al'zla

al'zl'al'xTa
al'zlal’'xTal’zlal’'xzTa
(al'zla)T(aTal'z)T (al'zTa).

a

[N 1N m
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Then, there exists u € al'zl'a, v € zl'al'r and w € al’xT'a such that a € ul'vT'w
and again there exists m € vI'w such that a € uI'm. Hence, $, and $,,, are
non-empty. Now, we have

(Fs6gsets)(a) = |J [Fsw) n (95 Hs)(2)]
(¥,2)€8a
D Fs(u ) (Gs & Hg)(m)
= Fs(u) n { U (Gs(p) N Hs(q)]}
(P,q)ESm
) fs(u) N Qs(v) N Hg(w) (4.2)
As Fg and Hg are S.I. generalized bi I'-hyperideal of S over V, we have

N Fs(@) D Fs(a) and [ Hs(0) 2 Hs(a). Since, u € al'zTa and w
Yeal'zla fcal'zTa
€ al'zTa, we have Fs(u) 2 Fs(a) and Hg(w) 2 Hs(a).

As Gg is an S.I. generalized interior I'-hyperideal of S over V, wehave [\  Gg (V)

D Gs(a). Since, v € al'al'z, we have Gg(v) 2 Gg(a). Hence, from (Z.GZJJ)FGM
(]:S S Gg 67‘[5)(@) D fs(u) N Qs(v) n Hs( )
2 Fs(a) N Gs(a) N Hg(a)
= (FsNGsNHs)(a).

Therefore, Fs () Gs () Hs T Fs 6 Gg & Hs.

(2) = (3) is obvious.

(3) = (1)

Suppose that the condition (3) holds. To prove S is regular, we have to show
that R N I N L C RU'IT'L for every right I'-hyperideal R, for every interior
I-hyperideal I and for every left I'-hyperideal L of S. Let R, I and L be right,
generalized interior and left I'-hyperideal of S, respectively. Then by Theorem
3.20, the soft characteristic functions Sr, Sy and Sy, will be S.I. right, S.I.
generalized interior and S.I. left I-hyperideal of S over V. By assumption, Sg
ﬂS}ﬂSL CSroS518S8S,. Letae RN I N L. Then, Sgrrnr = V. Now,
we have

(Srrirn)(a) = (SRE> Sr o S1)(a)
2> (SrNS:NSL)(a)
= Srninc(a)
= V.
It implies a € RT'ITL. Hence, R N I N L C RI'IT'L. Therefore by Theorem
4.4, S is regular. ]

Theorem 4.6. If S is a reqular I'-semihypergroup. Then for every S.I. gen-
eralized bi T'-hyperideal Fs of S over V and every S.I. generalized interior
I'-hyperideal Gs of S over V,

Fs N Gs = Fs & Gs & Fs.
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Proof. Let Fg be an S.I. generalized bi I-hyperideal of a I'-semihypergroup S
over V and Gg an S.I. generalized interior I'-hyperideal of S over V. Then

FsdGs o Fs L Fgd8Ssd Fg
C Fgs, as Fgis a S.I. generalized bi I' — hyperideal of S over V,
and

Fs$Gs & Fg Ss 4 Gs 6 Sg

t
C  Gs, as g is an S.I. generalized interior I' — hyperideal of S over V.

It follows that Fs & Gg & Fs C Fs (] Gs. Now, we will prove that Fg () Gs
C Fs 3 Gg & Fg. Let s € S. As S is regular, there exists x € S such that s
€ sT'al's, s € sl'zl's'xI's. Now, there exists b € xI'sI'xI's such that s € sI'b
and then there exists m € aI'sT’'z such that b € mI's. Hence, $, and $; are
non-empty. Thus, we have

(.7:5' S gs S ]:,5‘)(8) = [fs S (gs S .7:5)](8)
= U []:S(u) n (gs S .7:3)(’0)]

(u v)€$
2 N (Gs & Fs)(b)
= N { U gskp) n fs(q)}
(P,9) €S
D Fs(s) N (Gs(m) N Fs(s))
= Fs(s) N Gg(m). (4.3)
As Gg is an S.1. generalized interior I'-hyperideal of S over V, we havel9 QF Gs (V)
€al'sTa

D Gs(s). Since, m € zI'sT'z, we have Gg(m) 2 Gs(s). Hence, from (4.3)

(Fs 3 Gs & Fs)(s) 2 Fs(s) N Gs(m)
2 Fs(s) N Gs(s)
= (fs N gs)(s).
Therefore, Fg ﬁ Gs = Fs 4 Gs & Fs. 0

Lemma 4.7. If a T'-semihypergroup S is an intra-reqular. Then, S is a gen-
eralized interior simple I'-semihypergroup.

Proof. Suppose that a I'-semihypergroup S is intra-regular. Then, for each a
€ S, there exist z, y € Ssuchthata e zT'alT al'y. Nowaex T alT a T
y=(@Ta)TalyCSTalS. Itimpliesa € ST aT'S. Therefore, S C
STal'S. ie. STTal'S=S for all a € S. Hence by Lemma 2.12, S is a
generalized interior simple. O

Theorem 4.8. Let S be a I'-semihypergroup. Then S is a generalized in-
terior simple I'-semihypergroup if and only if every S.I. generalized interior
I'-hyperideal of S over V is a constant function.
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Proof. Let S be a generalized interior simple I'-semihypergroup and Fg be an
S.I. generalized interior I'-hyperideal of S over V. Then, we have ST s I' S =
S for all s € S, i.e. for any a, b € S, there exist u, v, w, p € S such that a €
ulbTwandbewlal p. Asbe wl al p,it implies

Fs(b) 2 N Fa¥)

Yewlal'p

D Fs(a), as Fg is a S.I. interior I' — hyperideal of S over V.
Hence, we have Fg(b) 2 Fs(a). Alsoa € uT' b T w, it implies

Fs(a) 2 N Fs®)
Yeul'blw
D  Fgs(b), as Fg is an S.I. generalized interior I' — hyperideal of S over V.

Hence, we have Fg(a) 2 Fs(b). Here a and b are arbitrary. Thus, for all a
and b, Fs(a) = Fg(b). This shows that Fg is a constant function.

Conversely, suppose that every S.I. generalized interior I'-hyperideal of a I'-
semihypergroup S over V is a constant function. Let M be a generalized interior
I-hyperideal of S and s € S. By Theorem 3.20, its characteristic soft function
Sy is an S.I. generalized interior I'-hyperideal of S over V. By hypothesis, Sys
is a constant function, that is, Sps(s) = Sar(m) for every m € S. Let m € M.
Then, Sps(s) = Sp(m) = V. Hence we have s € M. Thus, we obtain S C M.
Therefore S is a generalized interior simple I'-semihypergroup. (I

Theorem 4.9. If S is an intra-reqular I'-semihypergroup. Then every S.I.
generalized interior I'-hyperideal of S is a constant function.

Proof. Let S be an intra-regular I'-semihypergroup. Then, by Lemma 4.7, S
will be a generalized interior simple I'-semihypergroup. Now, then by Theorem
4.8, every S.I. generalized interior I'-hyperideal of S over V will be a constant
function. O

5. CHARACTERIZATIONS OF SEMISIMPLE AND RIGHT WEAKLY REGULAR
I'-SEMIHYPERGROUPS

In this section, we give some characterizations of semisimple and right weakly
regular I'-semihypergroups using S.I. generalized interior I'-hyperideals and S.I.
generalized bi-I-hyperideals.

Definition 5.1. A I'-semihypergroup S is said to be a semisimple
I'-semihypergroup if for every a € S there exist x, y, 2 € S such that a €
xzlal'ylal 2.

Theorem 5.2. If S is a semisimple I'-semihypergroup then every S.I. gener-
alized interior I'-hyperideal of S over V is a S.I. I'-hyperideal of S over V.

Proof. Let S be a semisimple I'-semihypergroup and Fg an S.I. generalized
interior I'-hyperideal of S over V. As S is a semisimple I'-semihypergroup,
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then for every a € S there exist z,y,z € S such that a € zT'al'yI'al’z. This
implies that al'b C xl'al'y['al'2I'b. Thus we have
N Fs@) 2 N Fs(?)

veal'd Yeaxlal'ylal 2zI'b

= N Fs(V)

Y€ (alal'y)Tal' (2I'b)
Fs(a), as Fg is an S.I. generalized interior I' — hyperideal.

1

Analogously, we can prove that (| Fs(9) D Fg(b). Hence, every S.I. gener-
d€ald
alized interior I'-hyperideal of S over V is a S.I. I-hyperideal of S over V. [

Theorem 5.3. Let S be a I'-semihypergroup. Then the following conditions
are equivalent:

(1) S is semisimple;

(2) I, Io C I, T I for every generalized interior I'-hyperideals Iy and I of
S;

(8) I C IT I for every generalized interior I'-hyperideal I of S;

(4) <a>i,, C<a>,, I' <a>;,, foreveryacS.

Proof. Suppose that S is a semisimple I'-semihypergroup and I, I; are the
generalized interior I-hyperideal of S. Let a € I (] I2. As S is a semisimple
I'-semihypergroup, then for any a € S there exist z,y,z € S such that a €
xzlal'yl'al'z. Now,

a xzlal'ylal'z

alalyl ((zTal'y)Tal'2Tz)
(STLTS)T((SIL,TS)IIL,I(STS))

LT (L TI,TS)

LT(STI.T'S)

L.

Therefore, Iy (VI C I T Is.

Proofs of (2) = (3) and (3) = (4) are easy. We prove (4) = (1)

Suppose that (4) holds. To prove S is semisimple, let @ € S. Then a €
<a>j,.,,where <a >;  isa generalized interior I'-hyperideal of S containing
a. Now, we have

NN 1IN 1IN 1IN M

<a >igm
<a >igen I' <a >igen
(aU(STal'S)) T' (a U (STal'S)).

Thus, a € al'a or a € (ST'al'ST'a) or a € (aI'ST'aI'S) or a € (ST'aI'ST'al'S).
Hence a € al'a C al'al'a C al'al’'al’al’a or

a € (zTal'yTa) C (zTal'yT'z1Tal'y1Ta) = (eTal'(yT'z1)Tal(y1Ta)). Therefore,
there exists an element z; € yI'zy and 25 € (y1Ta) such that a € (zTal'z Tal'29)
or

a € (al'zT'al'y) C (al'al'al'z1Tal'y1 I'y) = ((al'z)Tal'z 1 Tal'(y1I'y)). Therefore,

1N m
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there exists an element 23 € al'z and z4 € (y1'y) such that a € (z3Tal'z1Tal'zy)
or
a € (al'al'yT'al'z). Hence it implies S is semisimple. a

Theorem 5.4. Let S be a I'-semihypergroup. Then the following conditions
are equivalent:

(1) S is semisimple;

(2) Fs ﬁ Gs C Fs & Gg , for every S.1. generalized interior I'-hyperideals Fg
and Gs of S over V.

Proof. Let S be a semisimple I'-semihypergroup and Fg, Gg the S.I. generalized
interior I'-hyperideal of S over V. As S is a semisimple I'-semihypergroup, thus
for any a € S, there exist x,y,z € S such that a € zl'al'y['al'z and a €
alalylal'z C zTal'yl (zTal'ylal'z)Tz = (aTal'y)TzTal(yTal'2'z). Thus,
there exists u € 2l'al'y, v € zTal'(yI'al'z'z) such that a € ul'v. Hence, $, is
non-empty. Now, we have

(Fs6Gs)@) = |J [Fsp) n Gs(q)]
(p,9)ES,
> Fs(w) N Gs(v). (5.1)

As Fg, Gs are S.I. generalized interior I’-hyperideal of S over V, we have

N Fs(¥) 2 Fs(a) and N Gs(0) D Gs(a). Since u € al'al'y,
Yexlal'y 0czlal (yI'al'2'z)

we have Fg(u) 2 Fg(a) and v € alal'(yT'al'z2T'z), we have Gs(v) 2 Gs(a).
Hence, from (5.1)

(]:S S gs)(a) fs(u) n gs(v)
Fs(a) N Gs(a)
Js)

(Fs ﬁ s)(a).

2
2

Therefore, Fg ﬁ Gs C Fs 4 Gg.

(2) =)

To show S is semisimple, we have to prove that I (| Io C I; T" I for every
generalized interior I-hyperideals I; and Is of S. Suppose that the condition
(2) holds and Iy, I are the generalized interior I'-hyperideals of S. Then by
Theorem 3.20, the soft characteristic functions Sy, Sr, are S.I. generalized
interior I'-hyperideals of S over V. By assumption, Sy, ﬁ S, E S, 88y, Let
a € I N Iy. Then S;,n1, = V. Now, we have

(511r12)(a) = (811 <i>v312)(a)
) (511 N 512)(61)

- 8(11 n 12)(0‘)

1%

It implies @ € I1T'I5. Hence, I; () I2 C I; I I. Therefore, S is semisimple. [
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Definition 5.5. A I'-semihypergroup S is said to be a right weakly regular
I'-semihypergroup if for every a € S there exist z, y € S such that a € al'zT'al'y.

Theorem 5.6. Let S be a I'-semihypergroup. Then the following conditions
are equivalent:

(1) S is right weakly reqular;

(2) B(YI C BT I for every generalized bi T'-hyperideal B and for every
generalized interior I'-hyperideal I of S;
(8)<a>p,. N<b>;.  C<a>p

gen — gen

(4) <a>p,, N<a>,,, C<a>

gen

' <b>;,, foreverya,beS;
I' <a>;,, foreverya € S.

gen
Proof. Suppose that S is a right weakly regular I'-semihypergroup and B, I are
the bi-I'-hyperideal and interior I'-hyperideal of S respectively. As S is a right
weakly regular I'-semihypergroup, thus for any a € S, there exist xz,y € S such
that a € al'2T'al'y. Now,
a € al'zl'al'y

C alzT'(alazlal'y)Ty

C  (al'zTa)Tzlal(yT'y). (5.2)
Let a € B N I. Then from (5.2)

(aTala)TaTal (yTy)
(BI'STB)I'(STIT(ST'S))
BT(STITS)

BI'l.

a

NN 1N m

It implies B N I C BT'I.

(2) = (3) and (3) = (4) is obvious.

(4) = (1)

Suppose that (4) holds. To show S is right weakly regular, we have

a <a >y N <a>,,
<a >bgen I'<a >igw
(aU (aI'STa))I'(a U (STal'S))

(aT'a) U (aI'ST'al'S).

It would imply that a € al'a or a € alI'ST'al'S. Therefore, S is a right weakly
regular I'-semihypergroup. O

gen

NN m

Theorem 5.7. Let S be a I'-semihypergroup. Then the following conditions
are equivalent:

(1) S is right weakly reqular;

(2) Fs ﬁ Gs C Fs & Gg , for every S.I. generalized bi I'-hyperideal Fs of S
over V and for every S.I. generalized interior I'-hyperideal Gs of S over V.

Proof. Let S be a right weakly regular I'-semihypergroup and Fg, Gg the S.I.
generalized bi I-hyperideal of S over V, S.I. generalized interior I'-hyperideal
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Fs of S over V respectively. As S is a right weakly regular I'-semihypergroup,
then for any a € S, there exist x, y € S such that a € al'zT'al'y. Thus a €
al’'zlal'y C al'zl'(al'zTal'y)l'y = (al'al'a)’(zT'al'yl'y). Then there exists u
€ al'zTa and v € zTal'(yT'y) such that a € ul'v. Hence $, is non-empty. Now

we have
(Fs ¢ Gs)(a) = U [Fs(p) N Gs(q)]
(P,9)€Sa
2 Fs(u) N Gs(v). (5.3)
As Fg is an S.I. generalized bi I'-hyperideal of S over V, we have [\  Fs(¥)

veal'ala
D Fs(a) and Gg is an S.I. generalized interior I'-hyperideal of S over V', we have

N Gs(0) 2 Gs(a). Since u € al'xT'a, we have Fg(u) 2 Fs(a) and v €
fczlal (yI'y)
al'al'(yT'y)), we have Gg(v) 2 Gg(a). Hence, from (5.3)

(Fs & Gs)(a) Fs(u) N Gs(v)
Fs(a) N Gs(a)
(]:S ﬂ gs) (a)

2
2

Therefore, Fg ﬁ Gs C Fs 4 Gg.

(2) =)

To show S is right weakly regular, we have to prove that B (1 I € BT' I
for every generalized bi I'-hyperideal B and generalized interior I'-hyperideal
I of S. Suppose that the condition (2) holds and B, I are the generalized
bi and generalized interior I'-hyperideals of S. Then by Theorem 3.20, the
soft characteristic functions Sg, Sy are S.I. generalized bi and S.I. generalized
interior I'-hyperideals of S over V. By assumption, Sp ﬁ SiESp Sy Leta
€ BN 1I. Then Sg o 1 = V. Now, we have

(SBI‘])(G) = (SB €>~81)(a)
(SB n S[)(a)
S nnla)

1%

I

It implies a« € BT'I. Hence, B () I C B I' I. Therefore, S is right weakly
regular. O

6. CONCLUSION

In this paper, we have introduced soft intersection generalized interior-I'-
hyperideals and soft intersection generalized bi-I'-hyperideals in I'-semihypergroups.
Moreover, some important characterizations of some classes of I'-semihypergroups
have been discussed in terms of soft intersection generalized interior-I"-hyperideals
and soft intersection generalized bi-I-hyperideals. Based on the results of
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this paper, some further work can be done on the properties of soft inter-
section generalized interior-I'-hyperideals and soft intersection generalized bi-
I'-hyperideals in other hyperstructures.
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