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NEW TYPE OF FUZZY SOFT HYPERIDEALS
OF ORDERED I'"-HYPERSEMIGROUPS

K. Arulmozhi and V. Chinnadurai

ABSTRACT. In this paper, we introduce the concept of interval valued fuzzy
soft I'-hyperideals in ordered I'-hypersemigroups. We define interval valued
fuzzy soft left (right, bi, interior) hyperideals of ordered I'-hypersemigroups
and discuss some properties. Examples are provided illustrate our results.

1. Introduction

Zadeh [17] introduced the concept of fuzzy sets in 1965. I'-semigroups was
introduced by Sen and Saha [14]. Ordered I'-semigroup was proposed by Key-
hopulu [7]. Algebraic hyper structures represent a natural extension of classical
algebraic structures, and they were originally proposed in 1934 by Marty [11]. One
of the main reasons which attract researchers towards hyperstructures is its unique
property that in hyperstructures composition of two elements is a set, while in
classical algebraic structures the composition of two elements is an element. Soft
set theory was introduced by Molodtsov [12] in 1999, and its a new mathematical
model for dealing with uncertainty from a parameterization point of view. P. K.
Maji, R. Biswas and R. Roy [9] studied the some new operations on fuzzy soft sets.
The aim of M. Akram, J. Kavikumar and A. B. Khamis in their paper [1] was to
apply the concept of fuzzy soft sets on I'-semigroups. About gamma-semigroups
and their phase-aspect, an interested reader can look, for example, in the follow-
ing texts [14, 4]. K. Arulmozhi and V. Chinnadurai [3] discussed new type of
fuzzy soft hyperideals and homomorphism of I'-hypersemigroups. Characterization
of fuzzy ideals in ordered gamma semigroups discussed by V. Chinnadurai and K.
Arulmozhi [5]. In this paper, we define a new notion of interval valued fuzzy soft
ordered I'- hypersemigroups and investigate some of its properties with examples.
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2. Preliminaries

DEFINITION 2.1. ([14]) Let S = {a,b,¢,...} and ' = {«, 8,7, ...} be two non-
empty sets. Then S is called a I'-semigroup if it satisfies the conditions

(i) aab € S,

(ii) (aBb)yc = aB(byc) ¥ a,b,c € S and o, 8,y € T

DEFINITION 2.2. ([14]) An ordered I'-semigroup (shortly po-I'-semigroup) is a
I'-semigroup S together with an order relation < such that a < b implies ayc < byc
and cya < cyb for all c € S and v € T

DEFINITION 2.3. ([14]) Let A and B be two non empty subsets of a I'- semi-
group S. We denote

(i) (Al ={t € S|t < h for someh € A},

(ii) ATB = {aab:a € A,b € B and o € T'},

(il) Ay = {(y,2) € S x S|z < yaz}.

DEFINITION 2.4. A map o : H x H — P*(H) is called a hyper operation or
join operation on the set H, where H is a non-empty set and P*(H) = P(H) \ {¢}
denotes the set of all non-empty subset of H. A hyper groupoid is a set H together
with a (binary) hyper operation.

DEFINITION 2.5. ([6]) A hypergroupoid (H,o), which is associative, that is
zo(yoz)=(xoy)ozforall z,y,2 € H, is called a hyper semigroup. Let A and
B be two non-empty subsets of H. Then we define

aob, aoB={a}oB
Ao B = { acAbeB
Aob=Ao{b}

DEFINITION 2.6. ([2]) Let S and I' be two non-empty sets. S is called a I'-
hypersemigroup if every «v € I' is a hyperoperation on S that is zyy C S for every
x,y € S, and for every a, f € T and z,y,z € H we have za(yfz) = (zay)fz. If
every v € I' is a hyper operation, then S is a ['-semigroup. If (.S, ) is a hypergroup
for every v € I, then S is called a I'-hypergroup. Let A and B be two non-empty
subsets of S and v € I'. We define

AyB = U{a'yb|a € A,be BandyeTl}.

Also
AFB:U{a’beEA,bE BandyeTl} = U .
A~vB
DEFINITION 2.7. ([12]) Let U be an universel set and F be the set of parame-

ters. P(U) denote the power set of U. Let A be a non empty subset of E then the
pair (F, A) is called a soft set over U, where F is a mapping given by F' : A — P(U).

DEFINITION 2.8. ([10]) Let (F, A) and (G, B) be two soft sets then (F, A) AND

(G, B) denoted by (F, A) A (G, B) is defined as (F, A) A (G, B) = (H, A x B) where
H(o,B) = F(a) NG(B), for all (o, ) € A x B.
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DEFINITION 2.9. ([10]) Let (F, A) and (G, B) be two soft sets then (F, A) OR
(G, B) denoted by (F, A)V (G, B) is defined as (F, A) V (G, B) = (H, A x B) where
H(a,8) = F(a) U ()forall( ,0) € Ax B.

DEFINITION 2.10. Let X be a non-empty set. A mapping i : X — D[0,1] is
called an interval valued fuzzy subsets of X. D[0,1] denotes the set of all closed
subintervals of [0,1]. For any = € X, fi(z) = [u~ (z),u" (z)], where p~ and p* are
fuzzy subsets of X such that pu~(z) < p*(x).

DEFINITION 2.11. ([15]) By an interval number @, we mean an interval [a~, a™]
such that 0 < e~ < a* < 1, where a~ and a™ are the lower and upper limits of @
respectively. We also identify the interval [a, a] by the number a € [0, 1]. For any

b = [b;,bF] € D[0,1],7 € Q where Q is an index

interval numbers a; = [a; b

set.

ihafl,
maxi { .5} = {max{aj, ) max {a?bF }
min’ { @;,5;} = [mln{a], 7} min {a], f}}
infﬁj_{ﬂ N ] supaj_{u 0 U o ]

JEQ JEQ i€

Let _

()a<b<=a <b and a™ < b,

(i) Gd=b<=a" —b and a™ = bT.

(i) @ <b<a<banda# b,

(iv) ka = [ka™, ka™], whenever 0 < k < 1.

DEFINITION 2.12. ([8]) Let ¢ : H; — Hy and h : E;y — E3 be two maps,
A C Ey and B C FE5, where E; and Ey are sets of parameters viewed on H; and
H,, respectively. The pair (¢, h) is called a fuzzy soft map from H; to Ha. If ¢ is a
hypergroup homomorphism, then (¢, h) is called a fuzzy soft homomorphism from
H1 to H2.

3. IVFS ordered I'-hyperideals

In this section, S denotes ordered I'- hypersemigroups.

DEFINITION 3.1. ([16]) Let U be an initial universe and E a set of parameters.
~( ) denotes the set of all interval valued fuzzy sets of U. Let A C E. A pair
(NF A) is an interval valued fuzzy soft set over U, where F' is a mapping given by
F:A— P(U).
The symbol 9z, (2) is called the membership degree of « in the interval valued

fuzzy soft set (F, A) and 'énf U (q)(2) is called the infimum of the membership
rEYyaz
function 9z, ().

DEFINITION 3.2. Let (F, A) be a soft set and (F, A) be a interval valued fuzzy
soft(briefly IVFS) subset of S for z,y,z € S, o, € Tya € Aand z < y =

V(a) (@) Z Vg (Y)-
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(i) (F, A) is called a IVFS T'-hyper subsemigroup of S if
inf ) () Z min{d g4y (¥), (o) (2) }-

rEYyaz

(ii) (F, A) is called a IVFS T-hyper left ideal of S if inf V(o) ()

reyaz

>
(iii) (F, A) is called a IVFS T-hyper right ideal of S 1fz1n£Z U (a:) 2 V5 (y).
(iv) (F, A) is called a IVFS I'-hyperideal of S if -
inf 9z, (@) = max{¥z ) (v), 95 ()}

reYyaz
(v) (F,A) is called a IVFS T-hyperbi-ideal of S if
inf = Jp ) (p) = min{dg ) (2), 05, (2)}-

pExayBz
(vi) (F, A) is called a IVFS I-hyper interior ideal of S if
inf = Jp ) (P) 2 Vi ()

pExayfz

THEOREM 3.1. Let (Fy, A) and (Fy, B) be two IVFS ordered I'-hypersub- semi-
groups of S, then (Fy,A) A (Fy, B) and (Fy,A) V (F», B) are IVFS T'- hypersub-
semigroup of S.

ProOOF. Let gﬁl,A) and (Fy, B) be two IVFS ordered I'-hypersubsemigroups
of S defined as (Fy, A) A (Fy, B), where C = A x B and M (a,b) = Fi(a) N F3(b),
for all (a,b) € C = Ax B,z,y,z € S and y €T

inf {19M(a b)( 2)p = inf {min{ﬁﬁ (a)(2)719ﬁ2(b)(2)}}

zexyy
= mm{ inf 95 )(Z)y inf 19F2(b)( 2)}

zExvy zEayy
= mln{mm{ﬁFl(a) (@), ﬁFl(a)( )} mln{%(b) (@), 19152(b) (y)}}
= min{(ﬁﬁl(a) N ﬂﬁz(b))@"% (19151(@) N ﬁFQ(b))(y)}
= min{d .4 (@), V1) (W)}
Similarly (Fy, A) V (Fs, B) is a IVFS ordered T-hypersubsemigroup of S. O
THEOREM 3.2. Let (F}, A) and (Fy, B) be two IVFS ordered T-hyperleft (right)

ideals of S, then (Fy, A) A (Fy, B) and (Fy, A)V (Fy, B) is IVFS ordered T-hyperleft
(right) ideal of S.

PrOOF. Let (Fl,A) and (Fy, B) be two IVFS ordered I'-hyperleftideals of S
defined as (Fy, A) A (Fy, B) where C = A x B and M (a,b) = Fi(a) N Fy(b), for all
(a,b) e C =A% B. For z,y,z€ S and vy €T

inf {19M( b)( z)} = inf {mln{ﬁF (a)( z), 19152(}))(2)}}

zexy zexyy

= min{ inf ﬂFl(a)(z), énf 19152(1))(2)}

z€ayy
= min{min{dz ,\(¥), Vg, (V) }}
= IS‘M(a,b)(y)-



NEW TYPE OF FUZZY SOFT HYPERIDEALS OF ORDERED I'M-HYPERSEMIGROUPS 99

Similarly (Fy, A) V (Fs, B) are IVFS ordered I-left hyperideals of S. O

THEOREM 3.3. Let (F1,A) and (Fy, B) be two IVFS ordered T-hyperbi-ideals
of S, then (Fy, A) A (Fy, B) is IVFS ordered T'-hyperbi-ideal of S.

PROOF. Let (Fl,A) and (FQ, B) be two IVFS of S defined as (Fy, A) A (F, B)
where C' = A x B, M(a,b) = Fy(a) N Fy(b), where (a,b) € C = Ax B, p,z,y,2€ S
and o, B €T

it () = it {min{d g ) (0).9 5,0, (0)})
= win{ i Vnw®): it Ve @)

> min{min{ﬁpl(a)( x), 79151(,1)(2)}7 min{ﬂFQ(b) (), 1915 (b)( 2t
= min{(’ﬂﬁl(a) N 1915'2(17))(1')’ (ﬁﬁl(a) N ﬁﬁ?(b))(z)}
= min{ﬁM(a,b) (-T), 19]\2((1,1;)(2)}'

Hence (F}, A) A (Fy, B) is a IVFS ordered T-hyperbi-ideal of S. O

THEOREM 3.4. Let (ﬁl, A) and (Fy, B) be two IVES ordered I'-hypersubsemigroup
(ideal, interior-ideal) of S, then (Fy, A)Ne (Fa, B)[(F1, A) U (Fa, B)] is a IVFS or-
dered T'-hypersubsemigroup (ideal,interior-ideal) of S.

PROOF. Let (I*:’ 1, A) and ( 2 e two IVFS ordered I'-hypersubsemigroup of
S as defined (Fy, A) N, (Fy, B) = (M C) where C = AU B.

Fi(c) ifce ANB
M(c) = { Fy(c) ifce BNA
Fi(c)NFy(c) ifce ANB.

Case (i) Let c€ ANBand~y €T, énf {5100 (2)} = min{d 7o) (@), 0 ) (1) }-
z€xvy

Case (ii) Let c € BNAandy €T, énf {5100 (2)} Z min{d 7. (@), 0 30y (0) }-
zZexYy

Case (iii) Let c€ AN B, v €' and M(c) = Fy(¢) N Fy(c). By Theorem 3.1,
I D02} > 0t (031000, Do)} = min{dgey (@), Dy )} O

THEOREM 3.5. Let (F}, A) and (Fy, B) be two IVFS ordered I'- hypersubsemi-
group(ideal, interior-ideal) of S, then (Fy,A) Ng (Fa, B)[(F1,A) Ug (Fa, B)] is a
IVFS ordered T'- hypersubsemigroup (ideal, interior-ideal) of S.

PROOF. Let (Fy, ) and (F, 2, B) be two IVFS ordered I'- hypersubsemigroup
of S, then (Fy, A)Ng (Fp, B) = (M, C) where C = AN B and M(c) = Fi(c) N Fy(c)
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for all c € C.
() = o {mingdg ()95, (1)
= mln{zériiyﬁF (c )( )azggyﬁpg(c)(z)}
> min{min{i 5, o) (@),9 g, (o ()} min {0 g, ) (2), 9 s, o0 ()}
= min{(Vp, () NV p,0) (@), V5 () N 50) W)}
= mln{ﬁM(c)( )’ﬁM(c)(y)}'
Hence (Fy, A) Ng (Fy, B) is a IVFS ordered I'- hypersubsemigroup of S. O

REMARK 3.1. Every IVFS ordered I'-hyperideal is a IVF'S ordered I'— hyper-
subsemigroup but converse need not be true as in the exm.

EXAMPLE 3.1. Let S = {a,b,¢,d} and (S5, <) is a ordered I'-semihypergroup.

~ a b c|d
a a | {b,d} c|d
b | {b,d} b| {bd}|d
c c | {b,d} al|d
d d d d|d

<t {(a,a),(b,b),(c,c),(d,d), (b,d)}. The covering relation is given by <= {(b,d)}.
Let E = {z,y,u,v} and A = {z,y}. Define the IVFS set (F,A) = {F(x), F(y)},
where

F(z) = {[0.570.7}’ [0.7{)0.8]7 [0.3?0.5]7 [0.7(,10.9] }7

n _ a b c d
F(y) = {[0.4,0.6]’ [0.6,0.7]’ [0.1,0.5]’ [0.6,0.8]}

Hence (F ,A) is a IVFS sub I'- hypersemigroups but not a IVFS hyperideal, since
inf Jp . (r) = xle%fycﬁﬁ(e)(c) =0.3,0.5] # [0.5,0.7]

rEayc

= max{[0.5, 0.7],[0.3,0.5]} = max{dp,)(a), V5 (c)}

REMARK 3.2. Every IVFS ordered I'-hyperideal is IVFS ordered I'-hyperbi-
ideals but converse need not be true as in the exm.

EXAMPLE 3.2. Let S = {a,b,¢,d} and T = {«, 8} then S is I'-hypersemigroup.

«@ a b c|dl|| g a b c|d
a a| {a,b} | {c,d} |d || a a| {a,b} | {c,d} | d
b | {a, b} b|{c,d}|d||b|{a b}| {a,b}|{c,d}|d
c | {c,d} | {c, d} cld||lc|{c, d}|{c, d} c|d
d d d|d]||d d d d|d
<: {(a,a), (a,b), (b,b), (¢, b), (¢, c), (c,d), (d,b), (d,d)}. The covering relation is

given by <= {(a,b),(c,d),(d,b)}. Let E = {x y,u,v} and A = {z,y}. Define the
IVFS set (F, A), where
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_ b d
F(z) = {[0.2[,10.4]7 [0.2,05] [0.6?0.8]7 [0.5,0.7] }7

_ a b c d
Fly) = {[0.4,0.6]’ [0.4,0.7] [0.8,0.9] [047,0.8]}
Hence (F, A) is a IVFS ordered I-hyperbi-ideal but not a IVFS ordered I-hyperideal.
Since

inf 1915(6) (x) = zie%f fey(d) = 10.5,0.7] % [0.6,0.8]

rE€bac ac F(e)
= max{[0.2,0.5],[0.6,0.8]} = max{d s, (b), V5 (c)}
REMARK 3.3. Every IVFS I'—hyperideal is IVFS I'— hyper interior-ideal but

converse not true.

ExaMPLE 3.3. Let S = {a,b,c,d,e} , T = {a, 8} then S is I'—hypersemigroup

« a blc d ell B a blc d e
a | {a,b} | {b,e} | c| {c, d} ellal {be} elc|{c d} e
b | {b, e} e|c|{c d} el|lb e elc|{cd} e
c c cle c cl|c c c|ec c c
d | {c,d} | {c,d} | d|{c,d} || d|{c,d}|{cd}|c d|{c, d}
e e e|c|{c d} elle e elc|{c d} e

<t {(a,a), (b a), (b,D), (c, c), (c,e), (d,d), (e,b), (e, €)}. The covering relation is given
b};le-:e: {(b,a),(c,e),(e,b)}. Define the IVFS set (F,A) = {F(w), F(z), F(y)},
F(w) = {(a,[0.2,0.4]), (b,]0.5,0.7]), (c, [0.8,0.9]), (d, [0.1,0.2]), (e, [0.7,0.8]) }
F(z) = {(a,[0.5,0.6]), (b, [0.6,0.7]), (c, [0.9, 1]), (d, [0.3,0.5]), (e, [0.7,0.8]) }
F(y) = {(a,[0.2,0.4]), (b,[0.4,0.6]), (c, [0.6,0.8]), (d, [0.1,0.3]), (¢, [0.5,0.7]) }
Hence (F, A) is a IVFS I'—hyperinterior ideal but not a IVFS I"'—hyperideal as

nf g (@) = inf Dp,(d) = [0.3,0.5] £[06,0.7] =

max{[0.6,0.7], [0.3,0.5]} = max{d p() (b), 9 7 (d)}-

DEFINITION 3.3. Let (F,A) be a interval valued fuzzy soft set over S. For
each t € [0,1], the set (F,A)" is called an t-level set of (F,A) and is defined as
{z € S|F(e)(z) >t} for each e € A. Obviously, (F', A)! is a soft set over S.

THEOREM 3.6. Let (F, A) be a IVFS set of S, (F,A) is a IVFS ordered T-
hypersemigroup if and only if (F, A)t is a soft ordered T'-hypersemigroup of S for
each t € D[0,1].

PROOF. Assume that (1:" , A) is a soft ordered I'-hypersemigroup of S for each
t € D[0,1]. For each 1,22 € S and a € A, let ¢t = min{dz,(21), ¥ (,)(22)} then

t ; o : t
T1YTy € ﬂﬁ'(a)' Since 1913((1) is a I'- hypersubsemigroup of S, then zivyzs € ﬂﬁ‘(a)'

That is U5, (z1722) 2 t = min{dz, (21),Vp,) (22)}. This shows that Jp(q)
is IVF ordered I'-hypersubsemigroup of S. Conversely, assume that (F JA) is a

IVFS in S. For each a € A,t € D[0,1] and 21,25 € 19%(&), we have ﬂp(a)(xl) >
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t, ﬁﬁ'(a) (z2) > t. Therefore ¥p(q) is a IVF ordered I'-hypersubsemigroup of S. Thus
v € T there exists z € x1yx5 such that inf (2) > min{ﬁﬁ(a)(xl),ﬁﬁ(a) (x2)} = t.

ZET1YT2
t
a) F(a)’

that is 19%((1) is hyper I-subsemigroup of S. Therefore (F, A)! is a soft ordered

Therefore for all z € z1yx2 we have z € 19%( , this implies that xivyxe € ¢

I-hypersemigroup of S for each ¢t € D|0, 1]. O

THEOREM 3.7. Let (F,A) be a IVFS set of S, (F,A) is a IVFS ordered
U-hyperleft(right, bi-ideal)ideal if and only if (F,A)! is a soft ordered T-hyper
left(right, bi-ideal) ideal of S for each t € D0, 1].

PROOF. Suppose that (F, A)t is a soft ordered I'-hyper left ideal of S for each
t € D[0,1] and a € A,y € I'. For each 21 € S, let t =V, (21), then z; € ﬂ%(a).
Since *; (@ is a I'- hyper left ideal of S, then zyz1 € V% (@)’ for each x € S. Hence
V(o) (@yw1) 2 t = Vp(, (z1). This shows that Jp(q) is IVE ordered I'-hyper left
ideal of S. Thus, (F, A) is a IVES ordered I'-hyper left ideal of S.

Conversely, assume that (F', A) is a IVFS ordered T-hyper left ideal of S. For
each a € A,t € D[0,1] and x; € 19%(@), we have ¥z, (21) > t and hence ¥z,
is a IVF T'-hyper left ideal of S. Thus for v € T" there exists z € zyz; such that

inf (z) > Vp, (z1) = t. Therefore for all z € zyx;. We have z € ﬁ%(a), that is

zZETYT

19% (@) is hyper ordered T-left ideal of S. Therefore (F', A)! is a soft ordered I'-hyper
left ideal of S for each t € D[0,1]. Similar proof holds for other case. O

THEOREM 3.8. Let (F,A) be a IVFS set of S, (F, A) is a IVFS ordered T -hyper
ideal if and only if (F, A)! is a soft ordered I'-hyper ideal of S for each t € DI0,1].

4. IVFS image and inverse image of I'— hypersemigroups

DEFINITION 4.1. Let p: Hy — Hs and 0 : A — B be two functions, A and
B be two parameter sets for the crisp sets H; and Hs,respectively. Then the pair
(p,0) is called a IVFS function from H; to Hj.

DEFINITION 4.2. Let (F, A) and (G, B) be two IVFS sets of the sets H; and
H,, respectively, and (p, o) be a IVFS map from H; to Hy. (i) The image of (F, A)
under (p, o) denoted by (p,a)(F, A), is a IVFS set of Hy defined by (p,o)(F, A) =
(p(F),0(A)), where for all b € 6(A) and for all y € Ho,

sup sup 9, (2), if pMy) # 0
(y) = { p@)=y o(a)=b

P -
F(b .
® 0 otherwise

(ii) The inverse image of (CNJ,BE under (p, o) denoted by (p,o)~ (G, B) is a IVFS
set of Hy defined by (p,0) (G, B) = (p~1(G),o(B)), for all a € 07(B) and

v € i, Uy (y) =g, (p(a)
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THEOREM 4.1. Let p: Hy — Hs be a homomorphism of S. If(é, B) is a IVFS
I'—hypersubsemigroup of Hs, then (p,o) (G, B) is a IVFS I'—hypersubsemigroup
Of H1 .

PROOF. Let (G,B) is a IVFS I'—hypersubsemigroup of Hs. Let z,y,z €
Hy, a € I'1. We have

inf {19,,1 (z)}: inf {93, ., (p(2))}

zexay G(a) zexay

= inf  {¥5 . (p(2)}

p(z)Ep(zay)

> min {95, p(),95,.,p(y)}

:min{ﬁpl (x),9,-1 (y)}

G(a) G(a)
Therefore (p, o)~ Y(G, B) is a IVFS T'—hypersubsemigroup of Hj. O

THEOREM 4.2. Let p : Hi — Hy be a homomorphism of S. If (G,B) is a
IVES T —hyperleft(right, bi-ideal, interior) of Ha, then (p,0) (G, B) is a IVFS
T'—hyperleft(right, bi-ideal, interior)ideal of Hy.

THEOREM 4.3. Let p: Hi — Hy be a homomorphism of S. If (F,A) is a IVFS
I'—hypersubsemigroup of Hy, then (p,0)(F,A) is a IVES I'—hypersubsemigroup of
H,.

PROOF. Let (F, A) is a IVFS I'—hypersubsemigroup of Hj.
Let 1,91, 21 € Ho, B € T's.

inf {19 }: inf 9 (t
216131591 0] (1) 21610?15% {tepsullim)a?;l)gb F(a)( )}

inf sup Ua (2
z€x1Py1 {g(a)gb F(b)( 1)}

= inf sup Yz, (2
p(2)€p(wBy) {a(a)pb Fol )}

= ?u)[ib min {1915(1,) (x), 1915(1,) (y)}

WV

> sup { sup min{ﬁﬁ(b)(x)»ﬁﬁ(b)(y)}}

zByCp~t(z1)h=1(B)p~H(y1) (o(a)=b

=min{ sup sup ﬁﬁ(a)(a:), sup sup ﬁﬁ(a)(y)
p(z)=y o(a)=b p(z)=y o(a)=b
> min {ﬂp

(£, 9,., ()}
Therefore (p,0)(F, A) is a IVFS T'—hyper subsemigroup of Hy. d

F(b)
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THEOREM 4.4. Let p : Hi — Hs be a homomorphism of S. If (F,A) s a

IVFES T—hyperleft(right, bi-ideal, interior)ideal of Hy, then (p,o)(F,A) is a IVFS
T'—hyperleft(right, bi-ideal, interior)ideal of Ho.
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