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APPLICATIONS OF ROUGH SOFT TO EXTENSIONS
SEMIHYPERGROUPS INDUCED BY OPERATORS AND
CORRESPONDING DECISION-MAKING METHODS

N. Rakhsh Khorshid and S. Ostadhadi-Dehkordi*

ABSTRACT. In this paper, we apply a rough soft set to a special algebraic hyper-
structure, and give the concept of a rough soft semihypergroup. We propose the
notion of lower and upper approximations concerning a special semihypergroup and
obtain some properties. Moreover, we consider a connection between the lower(upper)
approximation of a special semihypergroup and the lower(upper) approximation of
the associated I'-hypergroupoid. In the last section of this research, we discuss the
decision-making algorithm of rough soft semihypergroups. Afterward, we obtain a
relation between the decision-making algorithm of rough soft semihypergroups and
their associated rough soft I'-hypergroupoids for a special semihypergroup.

1. INTRODUCTION

A semigroup is an algebraic structure consisting of a non-empty set equipped
with an associative binary operation in the set. Semigroup plays an essential
role in some areas of mathematics, including coding theory, combinatorics,
and mathematical analysis. In 1986, Sen and Saha [37] defined an idea I'-
semigroup as a generalization of a semigroup. Some classical ideas from
semigroup have developed in I'-semigroups such as communicatively, regu-
larity and ideal [10, 19, 1].

The concept of algebraic hyperstructure theory was introduced in 1934 by
Marty [25]. The hyperstructure theory has many applications in hypergraphs
and graphs, binary relations, lattices, fuzzy sets and rough sets, automata,
cryptography, codes, artificial intelligence, and probabilities [5, 6]. The con-
cept of I'-semihypergroup as a generalization of semigroup, semihypergroup,
and [-semigroup was introduced by Davvaz et al. [7, 16, 17, 18]. Moreover,
Anvariyeh et al. introduced Pawlak approximations in I'-semihypergroups
[3]. After that, Davvaz et al. presented the concept of I'-semihyperring and
investigated some properties of I'-semihyperring. [9, 10, 1 1] At the same time,
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Dehkordi and Heidari introduced the T-functor, ©-relation, and Fundamen-
tal group for general I'-hypergroups [31]. The notion of a I’-hyperideal of a
[-semihypergroup is introduced by Anvariyeh [2].

The rough set theory was introduced by Pawlak [33] and he used this con-
cept as a method for data mining. Many researchers and practitioners in
various fields of science and technology work on this concept and there are
many applications in various areas such as knowledge discovery, economics,
finance, engineering, and even arts and culture [21, 27, 26, 34, 35, 306, 38,

, A1, 12]. Davvaz et al. generalized rough sets for modules and quotient
hypermodules base on fuzzy sets [3, 20]. There are many problems in real
life like engineering, medical science, economics, environments, etc. have
various uncertainties. Some kinds of theories are given such as the theory
of fuzzy sets [12] and the theory of rough sets [33]. The concept of soft
set theory was introduced by Molodsov [28] as a mathematical tool for han-
dling uncertainties. He applied this theory in several directions [28, 29, 30].
Park et al. studied soft sets in algebra[32]. Also, Feng et al. in 2008 stud-
ied soft semirings [13]. The application of soft set in the decision-making
problem was considered by Maji et al. [24, 23]. Also, Ma et al. [22] intro-
duced and considered decision-making algorithm of rough soft sets to Krasner
(m, n)-hyperrings. The concept of soft groups was introduced and studied by
Aktas et al. [l]. Zhan et al. presented parameter reduction of soft sets
and corresponding decision-making algorithms [11]. Feng et al. [15] studied
an interesting connection between two mathematical approaches to vague-
ness: Rough sets and soft sets, called soft approximation spaces and soft
rough sets. Furthermore, Zhan et al. introduced rough soft n-semigroup,
covering-based soft rough set, covering-based soft fuzzy rough set, and fuzzy
soft [-covering based fuzzy rough set and presented decision-making algo-
rithms of them [43, 50, 46, 47, 49]. These algorithms are useful for solving
multiple criteria decision-making (MCDM) problems. In recent days, Zhan
et al. have studied some applications of multiple attribute decision-making
(MADM) algorithms [12, 45, 18, 51].

This paper is structured as follows. In the second section, we define a new
set and we introduce the semihypergroup associated with this new hyper-
structure obtained from a union of two I'-semihypergroups which don’t meet
each other and we study relations between them. In the third section, we
define rough semihypergroups, soft semihypergroups, and prove that there
is a relation between them and associated rough and soft I'-hypergroupoids.
Also, we define rough soft semihypergroups by using a regular relation and
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showing that there are relations between rough soft semihypergroups and
their associated rough soft I'-hypergroupoids. Finally, in the last section, we
present the decision-making algorithm of rough soft semihypergroups, then
we find a relation between the decision-making algorithm of this rough soft
semihypergroup and its associated rough soft I'-hypergroupoid.

2. G1|G9] AND ASSOCIATED SEMIHYPERGROUP

In this section, we introduce the semihypergroup associated with G1[G3],
where GG and G5 are I'-semihypergroups such that G7 NGy = (0 and study
relations between them. First, we recall some notions and results about
hyperstructures that we shall use in the following paragraphs.

Let G be a non-empty set and P*(G) be the set of all non-empty subsets
of G. A map o: G x G — P*(G) is called hyperoperation on G and the
couple (G, o) is called hypergroupoid. When (z,y) € G? then its image under
o is denoted by z oy. Let A and B be non-empty subsets of hypergroupoid

G. Then, Ao Bis given by Ao B = |J aob. Also, z 0o A is used for
acAbeB

{z} o A. A hypergroupoid (G, o) is called semihypergroup if hyperoperation
o is associative (roy = yox,Vx,y € (G) and a semihypergroup is hypergroup
ifforallz €e G,G=2x0G =Goux.

Definition 2.1. Let H and I' be non-empty sets and for every « of I' there
are hyperoperations ®, : H x H — P*(H). Then, we say that H is a
I'-semihypergroup, when

(T ®ay) ®sz=12R, (Y Xp 2),

for every aw and § of I' and x,y,2 € H. A I'-semihypergroup H is called
I'-hypergroup, when

r Qe H=H®,x=H,
for every a of I' and x € H

If for every a € T', there exists e, € H, such that
TRq €y =€4 Ry T =1,

for every x € H, then H is called I'-semihypergroup with a wunit. Let A
be a non-empty subset of I'-semihypergroup H. Therefore A is called a left
(right) I'-hyperideal if for all h € H, h®@pr A C A(A®p h C A). Also, A is a
[-hyperideal of H if it is both a right and a left I'-hyperideal.

Example 2.2. Let (G,0) be a group and I' = {a,8}. Then, we define
TRy =G and r ®y = roy. Thus, G is a I'-semihypergroup.
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Example 2.3. Let A = {A,},c¢ be a collection of disjoint and non-empty
sets such that (G,o) be a semigroup and I" be a non-empty subset of G.

Then, T' = e A, is a I'-semihypergroup by the following hyperoperation:

T Qo To = Ay,

where 21 € Ay, 20 € Ay,, 9 = q1age, o € I and z1, 29 € G. We denote this
['-semihypergroup by T'aq.

Example 2.4. Let G = {a,b} and I" = {«, 5}. Then, G is a I-semihypergroup
such that hyperoperations are defined in Tables 1 and 2. Also, G is a

TABLE 1. Hyperoperation ®, on G = {a, b}

Ralal|b
a |al|b
b |[b|a
TABLE 2. Hyperoperation ®g on G = {a, b}
®sla|b
a |bla
b |a|b

I'-semihypergroup with unit and e, = a and eg = b, because for every z € G,
ARy 2=2Q,a=zand bQ®pz=2Q3b=z.

Let G be a I'-semihypergroup and the relation p defined on
GxT'={(z,a):x€ Hael},
as follows:
(x,a)p(y,B) <= V2 € G, Q@42 =1y ®p 2.
Thus, p is an equivalence relation and the set
G ={[(z,a)],: 2 € HaeTl}

is a semihypergroup by following hyperoperation:

(@, ), o [(y: B)lp = {l(2,B)], - 2 €  @a y}-

Proposition 2.5. Let (G1,®,) and (G2, ®,) be I'-semihypergroups with unit
such that G1 N Gy = 0. Then, we define a hyperoperation on a new system
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G1][Gs] = G1 U Gy as follows:

(2®ay x,y € Gy,
x x € Go,y € Gy,
Y x € G,y € Go,
(T®aY T,y € Gy,

TOY = «

for all z,y € G1|Gs] and o € I'.We define the relation p on G1|Ga] x I' as
follows:

(x,a)p(y,B) <= Vz € G1|Gsy], t @ 2=y %) z.
Hence p is an equivalence relation and

Gl[GQ] = {[(as,oz)]p T E Gl[GQ], Q€ F} = G1 UGy
is a semihypergroup by the following hyperoperation. Furthermore, G1|G3] is
called an extension of semihypergroup by semihypergroup.

z1an)lp (e, a0)lp € Gry
2)lp € Ga, [(21,01)], € G1,
D]y € Ga, (w2, a2)],, € G,
21, 1)), [(22,02)], € G

8
oy
Q

S}
— — — —
~~ o~~~
8
[N}

Proof. The proof is straightforward. ]

Example 2.6. Let G; = {a,b} be a [-semihypergroup with unit such that
I' = {a, 5}, ea = a,es = b and the hyperoperations are defined in Tables 3
and 4 and G2 = {c,d, e} is a [-semihypergroup with unit, where hyperoper-
ations ®, and ®g are given in Tables 5 and 6 and e, = c,eg = d. Then, the
hyperoperations ®, and ®4 are definded on G1[Gs] in Tables 7 and 8. But

TABLE 3. Hyperoperation « on Gy = {a, b}

Falalb
a |alb
b |bla

TABLE 4. Hyperoperation 5 on Gy = {a, b}

bla

@sla|b
a
b lal|b
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TABLE 5. Hyperoperation a on Gy = {¢,d, e}

Kol € d e
c ¢ | {de} | {de}
d [{de}| ¢ c
e [ {de}| ¢ c

TABLE 6. Hyperoperation  on Gy = {c,d, e}

KRp| ¢ d

c |[{de}| ¢ c
d ¢ [{d,e}|{d,e}
e ¢ [{d,e}|{d,e}

TABLE 7. Hyperoperation ®, on G1[Gs]

Galal b C d

a |a| b ¢ d

b |b| a ¢ d e
clc| ¢ c [{d,e}|{d.e}
d|d] d |{de}| c c

e |e|{de}| c c c

TABLE 8. Hyperoperation ©g on G1[Gs]

@plalb d e
a |bla d e
b la|b| c d e
c |clcl{de}| c c
d |d|d| ¢ |{de}|{d,e}
e lele| ¢ |{de} | {de}

TABLE 9. Hyperoperation &, on Gy = {a,b, c}

DBa| a b C
a | a |{bc}|{b,c}
{bc}| a a

¢ |{b,c}| a a

TABLE 10. Hyperoperation &3 on Gy = {a, b, c}

Dg| a b c

a [{bc}| a a
a |{b,c}|{b,c}

c a | {b,c}|{b,c}
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TABLE 11. Hyperoperation ®, on Go = {d, e, [}

Ko | d e f
d | d [{ef}]|{ef}
e {ef}| d d

f | {ef}| d d

TABLE 12. Hyperoperation ®3 on Go = {d, e, f}

®s| d e f
d |{ef}| d d
e | d [{ef}]|{ef}
f | d |[{ef}|{ef}

G1][Gs] is not I'-semihypergroup, since

(cOb)e=cOe=c, cObOe)=coOe={de},
o I} 15} o I5) «

(C®b)%)e7éc®(b e).

« « 8
é\l and Gy are semihypergroups, Also, (é\l[é\g], ©) is a semihypergroup.

Example 2.7. If Gy = {a,b,c} and G2 = {d, e, f} be I'-semi- hypergroups
with unit, where I' = {«, 5} and the hyperoperation are defined in Tables 9,
10, 11 and 12. Then, by Proposition 2.5, G1[G5] is a semihypergroup.

Example 2.8. Let A = {A,},c¢ and B = { By }rex be collections of disjoint
and non-empty sets such that (G,o) and (K, o) are semigroups, G N K = ()

and T, T be non-empty subsets of G and K, respectively. Then, H; = U A4,
geG

and Hy = |J By are I'-semihypergroup and I"-semihypergroup, respectively,
keK
by the following hyperoperations:

r1, v € H,a €2y ®qxo=Ay 21 €Ay, 20 € Ay, 9= g1 000 go.
r1,To € Hg,oz' GF/,x1®x2:Bk:x1 € By, EBk2,k:kloozlok2.
[0

Note that H; and Hy do not have units. From GNK = (), we have rnt’ = 0,
therefore I'[I'] = T UT". Also, we conclude that A, N By, = (. This implies

that H; N Hy = (. So, I/J\l N I/J\g = (). Then, m] is a semihypergroup but
H\[Hy) is not I'[I"]-semihypergroup.



112 RAKHSH KHORSHID AND OSTADHADI-DEHKORDI

Proposition 2.9. Let G and Gy be I'-semihypergroups with unit such that
G1 M GQ = (Z) Then, Gl[GQ] = Gl[GQ]

—

Proof. Suppose that [(z, )], € G1[G2]. Hence, there exist y € G1[G3] and
p € T such that [(z,a)], = [(y,0)], Thus y € G; or y € G5. Then,
(. 8), € Gi ot (1,8, € Ga._So, [(w,0)], = [(3,8)], € G1 U Cs and
Gl U G2 = Gl[GQ], AISO, Gl N GQ = @ Since, Gl N G2 = @ We obtain
G1]G2] C G41|Gy). o

Now, let [(z,a)], € G1[G2]. Thus,

(z,0)], € Gy or [(z,0)], € Ga

Then, there exist t1 € Gi,061 € I' or to € Gy,By € TI' such that

[(z,a)], = [(t1,51)], or [(z,a)], = [(t2,2)],- We conclude that for every

2 € G1,T ®y 21 = t1 ® z1 and for every 29 € Go, & ®y 20 = to ® 29. We
B

1

2
set 21 = €4,20 = €,. Then, r € t1 ® e, C Gy and x € th ®e, T Go. So,
B1 B2
r € Gy or ¢ € G3. We obtain z € G1[Gs] and o € I'. This means that

—

(2, a)], € G1|Ga). Therefore, G1|Ga] C G1[Ga). 0

Definition 2.10. Let G; and Go be:\ F—/s\emihypergroups with unit such that
GiNGy =10, AC G[Gs] and B C G1[Gs]. We define

A={[(z,a)],: z€ A, aeT},
B ={x€Gi[Gy): Ja T :[(z,a)], € B}.

Proposition 2.11. Let G and G5 be F—semihygerqz“oups with unit such that
GiNGy =10, A, B € P*(G1[Gs]), and C € P*(G1]|G3)). Then, the following
statements_hold:

1)C C (C).

N
S
D
Sy
[

5A® B =AoB.
I

Proof. The proof is straightforward. ]

In the Proposition 2.11 (1), in general C' is not equal to (C").
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Example 2.12. In Example 2.6, let C' = {[(a, )], [(¢, 8)],} C G1[G2]. Then,
C' = {a, c}. Therefore,

(C) = {[(@, )]y, (e )], [(a, B)],s [(cs B, }-
We obtain C' C (C’) but C' # ( "), because ( ’) ZC.

Proposition 2.13. Let G; and G5 be I'-semihypergroups with unit such that
G1NGy = 0 and A, B € P*(G1[Gs)) such that ANB # 0, and C € P*(G1[G3))
be a I'-hyperideal of G1|Gs]. Then, the following statements hold:

1)(C) =C;

2)(ANB) CANB,;

3)(AUB) = AU B

4)A C (A).
Proof. The proof is straightforward. ]

Example 2.14. In Example 2.6, we have
G1[G) =G1U Gy
={l(a, @)]p, [(a, B)],, [(b, @)], [(b, B)],
I

[(e; @)l,, (¢, )], [(d; )], [(d; Bl [(e; )] [(e, B)]p}-
Let 4 = {[(@),[.8),} and B = {[(a.)],[5,a)],}. Therefore,
A" ={a,b} and B" = {a,b}. So, A'N B’ = {a,b}. Moreover, we have
AN B = {[(a,a)],}.
We obtain (AN B) = {a}. We conclude that A' N B ¢ (AN B)".
Moreover, A" = {a,b}. We have

—

(A') = {l(a, @)}, [(a, B)],, [(b, )], [(, B)], }-
So, A C ( ) but ( SZ A.

Proposition 2.15. Let G; and Gy be I'-semihypergroups with unit such that
GiNGy =0 A, B are nonempty subsets of G1|Gs] such that B is a right
I'-hyperideal of G1|G3]. Then,

AgB¢$Eg§

Proof. Assume that [(z, )], € A, then there exist y € A and 3 € I such that
[(z, )], = [(y, B)],- Also, we have y € A C B. So, y € B and [(y, )], € B.
We conclude that [(z,«a)], € B and this means that A C B.
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Conversely, let # € A. Then, for every a € T, [(z,a)], € A C B. This

implies that [(z,a)], € B. So, there exist y € B and 8 € T such that
[(z, )], = [(y,5)],- Hence, for every z of G1|Ga], * ®, 2 = y ® 2z and for
B

every z € Gror z € Gy, T Ry z =y ® z. If z € Gy, we set z = e, (the unit
B

element corresponding « of Gy), then
T=TQ®ue, €EYRe, CBRG C B GGy C B,
B r r

If z € (G5, in the same way, we obtain x € B. We conclude that A C B. [

Proposition 2.16. Let G1 and Gy are I'-semihypergroups with unit such that
G1N Gy =10 and A, B be nonempty subsets of G1[Gs]. Then,

ACB=— A CB.
Proof. The proof is straightforward. ]

Definition 2.17. Let G1,Gs, H, and H, be I'-semihypergroups such that
G1 NGy =0 and Hy N Hy = (). Then, a map

b : G1[Gh] — HilH)]
is called a homomorphism, if for all [(z1, @)],, [(z2, 8)], € G1[Ga),

([(21, )]y o [(22,8)],) = P([(z1, a)],) 0 ([(w2, B)],)-

Definition 2.18. Let G1,G9, Hi, and Hs be I'-semihypergroups such that
G1NGy =0 and Hy N Hy = (). Then, we define a hyperoperation ® on

G1][Gs] x Hi[Hs] as follows: e
® 1 (G1]|Ge] x Hi[Hs]) X (G1[Ga] X Hi[Ha]) — P*(G1|G2] x Hi[Ha],)

(o1,0)
(21, 11) ( & | (22,12) = {(t1,2) : t1 € 1 ? T2, ta € Y1 ? Yo},
where
X : Gl[GQ] X Gl[GQ] — P*(Gl[Gg]),
and

X : Hl[HQ] X Hl[HQ] — P*(Hl[HQ])

Q2

Also, we define

—_—

G1[Ga] x Hi[Ha] = {[((71,72), (1, @2))] gty 111
: (331,562) c GI[GQ] X Hl[HQ],Oq,OéQ < F}
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Theorem 2.19. Let Gy, Gy, Hy, and Hy be I'-semimihypergroups s with unit
such that Gy NGy =0 and Hy N Hy = (. Then,

(G1[Ga] x Hi[Hy)) = Gh[Ga] x Hy[Hy).

Proof. Suppose that pg (g« (i) Paic.), and pmm, are equivalence
relations defined on G1[Gs] X Hi[Hs], G1|G3], and H;[Hs], respectively. Let

U : (G1[Gy] x Hi[Ha]) — G [Go] x Hy[Hy)
be defined as follows:
qj([((xlv 332), (041, a2))]pG1[GQ]XH1[H2])
- ([(xlv al)]ﬂcl[GQ]a [(x% aQ)]le[HQ])'
Hence,
[((331, 3}2), (a17 Q/Q))]PGl[GQ]le[HQ] = [((yl; 92)7 (617 52))]P01[GQ]XH1[H2]7
if and only if for every (z1, 20) € G1[Gs] x Hi[Hs],
(T1,22) @ (21,22) = (y1,42) @ (21, 22),

(a1,02) (B1,52

if and only if for every z; € G1[G3] and 29 € Hi[H,),
T Q2 =1y ® 2, T2 @ 23 = Yo & 2,
o b1 le% Bo

if and only if

[(1131, @1)]PG1[GQ] - [(ylv 51)]/%;1[(;2]7 [(3727 a2)]pH1[H2] - [(y27 /82)]PH1[H2]'
Hence, VU is well-defined and one-to-one.
It ([(371, al)]ﬂcl[cz]ﬂ [(332, a2)]PH1[H2]) = Gl[GQ] X Hl[H2] then
(21, 00)]pey ey € G1Ga], [(w2,02)] 0y € HilHD).
Hence,

[(331, &1)] 6 Gl or [(xl, O(l)] 6 GQ

and we have [(J,’Q,Ozg)]le[HQ] € H, or [(CCQ,CYQ)]le[HQ] € H,. Also, z; € G1]Go)
and xy € Hi[H,|, because Gi,Gy, Hy, and Hs are I'-semihypergroup
with the unit.  This implies that (xy,z9) € G1][Gs] x Hy[Hs] and

(21, 22), (a1, 02)|po ey, € G1lG2] X Hi[Ha]. So, W is onto. Now, we
show that ¥ is homomorphism of semihypergroups:

‘Ij([((xla x2)7 (0417 a2))]PG1[G2]xH1[H2] © [((yla yQ) (517 ﬁQ))],Ocl [Ga] ><H1[H2])
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= ([((3717372) a(lg)OQ (yhyQ) (61762))]/)01[@ ><H1[H2])
= ([((5’713 y L2 % yQ) (ﬁlv 62))]/101[02]XH1[H2])
([(xl ® Y1, 51)]pG1[G2]7 [(xQ ® Y2, 62)]pH1 H2])

([(331 )]pGl[GQ] [(yl 61)]0@1[@]7 [(3:27 aQ)]le [Ho] [(92 62)] 2])
([(xl )]Pcl[GQ]a (22, &2)]pH1[H2]) ([(y1, ﬁl)]ﬂcl[cw [(y2, ﬁ2)]pH1[H2])
([((xh x2) (0417 a2))]pG1[G2]xH1[H2}) © ‘11([((3/1, y2) (51 52))]/@1 (Go] le[HQ])

This completes the proof. [

3. RELATIONS BETWEEN ROUGH SOFT SEMIHYPERGROUPS AND THEIR
ASSOCIATED ROUGH SOFT SETS

In this section first, we define rough semihypergroups and soft semihyper-
groups and prove a relation between them and associated rough and soft sets.
After that we define rough soft semihypergroups by defining a regular relation
and we show that there are relations between rough soft semihypergroups and
their associated rough soft sets.

Definition 3.1. Suppose that G; and G, are I'-semihypergroups where
G1 NGy =10 and O is an equivalence relation on G1[Gs]. Then, we define

the relation © on é\l[@] as follows:

[@@m@mMmp¢:@@%@@@%@ for all z € G4[Ga).

Definition 3.2. Let G; and Gy be I'-semihypergroups, let G; N Gy = ()
and let © be an equivalence relation on G1[Gs]. Then, the upper and lower
approximations of A C GG1|G5] defined by

Apro(A) ={z € G1[Gy] : [z]le N A # 0},
Apr(A) ={z € Gi[Go] : [z]e C A}.

Example 3.3. Let G; = {a,b,c} be a I'-semihypergroup such that
= {«,5}. The hyperoperations a and  are defined in Tables 13 and
14. and Go = {(1 2 3),(1 3 2),(1)} (as a subset of the symmetric group
of degree 3) be a I'-semihypergroup such that I' = {-}, where “-” is the
multiplication of S3 . Then, we define an equivalence relation © on

G1[Go] = {a,b,c, (12 3),(132), (1)}
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TABLE 13. Hyperoperation o on G; = {a, b, ¢}

al a b ¢
a| a |{byc}|{b,c}
b |{byc}| a a
c|{bc}| a a

TABLE 14. Hyperoperation 5 on G; = {a,b, c}

bl a b c
a|{b,c}| a a
b| a |{byc}|{b,c}
c| a |{bc}|{bc}

as follows:

1y <=ifr,ye Gi,Iyel:z€cyRy,
o

if v,y e Gy, x=1y.
Thus, we obtain the equivalence classes of G1[G2] w.r.t © as follows:
lale = [ble = [cle = G,
[(123)]e ={(123)},[(132)]e = {(132)},[(De = {(1)}.

Moreover,

G1[Ga) ={[(a, @)],. [(a, B)]p, [(0. )], [(b, B)]s [(cs )]s [(c, B)],
((123), )] [((1 3 2), )], [((1), )]}

is a semihypergroup. By the Definition 3.1, the equivalence classes of O are
as follows:

([(a, )]p)le = [([(5; a)]p)lg = [([(e; a)],)]g = [([(a, B),)]g
= ([, B)],)]6 = [([(e: M)]e = Ci

([((123), )]l = 1L((1 2 3), )],

[([((132), )]l = (1 3 2), )5,

(L), )]l = (L), )3

Example 3.4. Let G; and G35 be canonical hypergroups such that
G1 N Gy = 0 and {X,}geq e, be collection of disjoint nonempty sets and

I'' CGy, Ty C Gy, HH = |J X,, and Hy = |J X,;. Then, H; and Hj are
9€GH 9€Go
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I'1-semihypergroup and I's-semihypergroup, respectively by

T1 Oa T2 =Xy :71 € Xy, 02 € Xy,, g€ g1 R0, g2, 01 €1I'q,
and

1 O, T = Xy 171 € Xy, 72 € Xy, g € g1 ®q, G2, 2 € I's.

We define an equivalence relation © on H;[H,| as follows:
110xy <= 1 <i <2, g; € G; : {x1, 22} C X,.

For every A C Hi[H>], we have

Apro(A) ={z € Hi[I] : [z]e N A # 0}
={x € H\[H,] : 3t € [x]o N A}
={x € H\[Hs] : t € [x]o,t € A}
={r e Hi[Hy]: 31 <i<2,9,€ G, : {t,x} C X,,t € A}
={r e Hi[Hy]: 31 <i<2,g,€G,;: te X, NA}
={r € Hi[Hy):31<i<2,g,€G;: X, NA# D},

Apro(A) = {x € Hi[H)  [a]o C A}
={x € Hi[Hy] : Vt € [z]o =t € A}
={r e Hi[Hy]: 31 <i<2,g,€ G, :{t,x} C X,,t € A}
={r e Hi[Hy]: 31 <i<2,g,€G;:te X, =tec A}
={r e Hi[Hy): 31 <i<2,g,€G,;: X, CA}

Definition 3.5. Let O be an equivalence relation on semihypergroup é\l[é\g]
Then, we define the relation ©" on G1[Gy] as follows:

20y < [(x,1)],0[(y.1)],,
where z,y € G1[Gs].

Example 3.6. Let Hi, Hy be I';-semihypergroup and I's-semihypergroup,

respectively, as defined in Example 3.4. Suppose that {X,}cqc, s a
collection of disjoint hyperideals of Hi[H|. Hence, (H1[Hs],®) is a semi-

o~

hypergroup. We define an equivalence relation © on H;[Hs] as follows:

[(xva)]p@[(yaﬁ)]p — 1 <1< 27 gi € GZ : {K%O‘)]pa [(yvﬁ)]ﬂ} - )/(\z

We obtain
10y = 31<i<2 g e€qG {ry} CX,.
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Because
10y Ja el : [(z,0)],0[(y, ),
s3ael, 1<i<2,g€G:{[(z,a), (1)} X,
s 3Ja,a, B el 1<i<2,¢g€eG,;, .,y € X,

(2 )], = [« )]s [, )], = [y, 8],

30,0, fel, 1<i<2,g;€Gi,z,y € X,,2 € H[Hy) :
x@az:x/@)z, y®az:yl®z
O[/ 5/

3o, o, el 1<i<2, 9; € G, z yIEXZ.:

x@aea:x/@/)ea,y@aea:y/(?ea

&I <i<2, gieGi::cex’?eangi?HﬂHz]ngi,
yey'geagxgigﬂl[m] C X,

& d1<i<2, geG;:{zr,y} CTX,,.

Proposition 3.7. Let © be an reqular equivalence relation on G1[Gs]. Then,

for every [(y, 5)], € @1 [é\g],

—

[([(y: B)]p)la < We-
Proof. The proof is straightforward. ]

Proposition 3.8. Let G and Gy be I'-semihypergroups with unit such that

G1 NGy =0 and © be a regular equivalence relation on G1|Gs], and A be a
right T'-hyperideal of G1[Gs]. Then,

—_—

Aprg(A) = Aprg(A).
Proof. The proof is straightforward. ]

Theorem 3.9. Let GG1 and Gy be I'-semihypergroups wjt\h unit such that
G1 NGy =10 and © be a regular equivalence relation on G1[Gs] and A be a
right hyperideal of G1[Gs]. Then,

(Apr,(A)) C Apr A’



120 RAKHSH KHORSHID AND OSTADHADI-DEHKORDI

Proof. Suppose that =z € (M@A)/. There exists a € I' such that
[(z, )], € ApryA. Hence, [([(z,@)],)le € A. By Proposition 2.16, we con-
clude that [([(z,a)],)]e € A". Lety € [z]g. Then, y©'x and [(y,1)],0[(z, )],
For a € T', there exists 5 € I' such that [(y, 5)],0[(z, @)], and implies that
(.8)], € [([(z,a)],)lo- This implies that y € [([(z,a)],)]o. We obtain
Wor € [z, )], and we have [([(z,a)], )] C A" Hence, [zl C A" and
T € @@,(A/). Therefore, (M@(A))/ C @@,A'. O

Proposition 3.10. Let G; and Gy be I'-semihypergroups with unit such that
GiNGy =10, and © be a reqular equivalence relation on G1[Gs), and A be a
I-hyperideal of G1|Gs]. Then,

—_—

Apro(A) = Aprg(A).
Proof. The proof is straightforward. ]

Theorem 3.11. Let G1 and Gy be I'-semihypergroups wz’th/\um’t such that
G1N Gy =0 and © be a reqular equivalence relation on G1|Gs], and A be a
I-hyperideal of G1|Gs]. Then,

(ApreA) = Apreg/ A’
Proof. Let « € (AprgA)’. There exists o € I' where
(z,a)], € Apro(A).

Then, [([(z,a)],)]e N A # 0 and there exists [(y, 8)], € [([(z, @)],)]e N A. So,
[(y, 3)],0](x,a)],and y € A". This implies that y©'z. We obtain y € [z]g/NA’
which means that [z]os N A" # 0. Thus, z € AprgyA'. We conclude that

(ApreA) C Apro A

Conversely, let © € AprgA. Then, [z]gr N A" # 0. Hence, there exists
y € [7]g N A" Thus, y € [7]g and y € A". There exists a € I' such that
[(y,)], € A and we have [(y,I")],0][(z,I)],. For a € T, there exists 3 € T
such that [(y,a)], € [([(z,B)],)]e. We conclude that [([(x, 8)],)]e N A # 0.
This means that [(z,3)], € AproA. We obtain z € (AprgA) and we have
Aprog A C (AproA)'. u

Proposition 3.12. Let G; and Gy be I'-semihypergroups such that
G1 NGy =0 and O be a reqular relation on G1[Gs]. Then,

[Gl[GQ] : @] = {[I]@ X € Gl[GQ]}
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is a I'-hypergroupoid by the following hyperoperation:
[71]e @ [z2]o = {[2]o : 2 € 71 @4 72}
o

Proof. The proof is straightforward. ]

There is a connection between a regular relation © on Gy [é\g] and the
regular relation © on associated I'-hypergroupoid G;[G5] as follows:

Proposition 3.13. Let © be a regular equivalence relation on G1|Gs|. Then
([z1]e: ), = [([2e, B)], if and only if [(x1, @)],O[(x2, )] ,-
Proof. The proof is straightforward. [

Proposition 3.14. Let © be a reqular relation on semihypergroup é\l[@]
Then,

[([(z, )]p)]e = [([(4; D)]p)le == [([2]er, )] = [([Yler, @)l
Proof. Suppose that [(z,a)],, [(z, 8)], € Gl[Gg] Hence,
[([(z, )]p)]e = [([(y; B)lp)]le <= [(x, )],Ol(y, B)],

— x@/y
— [zle = Yl
= [([z]or, )] = [([Wler, B)lp-
This completes the proof. ]

Proposition 3.15. Let G7 and Gy be I'-semihypergroups such that
GiNGy = 0 and © be a_regular relation on Gi[Gs]. Then, the relation

© is a regular relation on G]_[GQ]

Proof. The proof is straightforward.
]

Proposition 3.16. Let O be a reqular equivalence relation on semihypergroup
G1[Gs]. Then, © is a reqular equivalence relation on G1[Gy).

Proof. Suppose that 0y and z € G41[Gs). Then, [(x,1)],0[(y,T)],. Let
t1 € T ®q 2. Then, [(t1,a)], € [(z,a)], o [(z,a)],. From the regularity of O,
we have

(2, )], o (2, 2)],8l(y, )], © [(2, )]
There exists [(t2, )], € [(y, )], o [(2, )], such that [(t1,a)],O[(t2, )],. We
conclude that t,0'ty. So, we obtain (x ®, 2)0 (y @4 2). O
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Theorem 3.17. Let G1 and Gy be I'-semihypergroups, let G N Gy = 0 and
© be a regular relation on G1|Gs]. Then, we have

L —

[G1[Ga) - ©] = [G1[Ga) : O],

Definition 3.18. Let G; and Gy be I'-semihypergroups such that
G1 NGy =10, ©; and ©y be a regular relations on G1[Gs], and ©; C Os.
Then, the relation ©1/0, defined on [G1[Gs] : O] define as follows:

([z]es, [Y]e,) € ©1/02 <= (z,y) € O1.

Proposition 3.19. Let G; and Gy be I'-semihypergroups such that
Gi NGy =0, ©1 and Oy be a reqular relations on G1[Gs], and ©1 C Os.
Then,

1) ©, C 6,
2) The relation ©1/0©4 is regular,
3) ©1/6 :ﬁi@% -
4) [[Gl[GQ] . @2] . @1/@2] ~ [Gl[GQ] . @1]
Proof. (1) Suppose that [(x,oz)]pé\l[(y,ﬁ)]p. So, T ®, 201y %) z, for all
z € G1[G,y]. We conclude that z ®, 20y ® 2, because ©; C O,. This
B

implies that [(aj,a)]pé\g[(y,ﬁ)]p. Therefore, ©; C O,.
(2) Let [7]0,01/Oz2]ylo, and [z]e, € [G1[Ga] : Og]. Then, 201y. We obtain
T Rq 201y Q4 2, because O is regular. We conclude that

[x Do 2]92@1/@2[(3/ Ra Z)]@z'
This implies that
]e, ® 12]6,01/0:2yle, ® 12]e,-

So, ©1/05 is regular.
(3) We prove the equation as follows:

([(2, )]s 01/0:1(1(y, B)]p)g, ©l(x,a)],O1l(y, B)],
o1 ®y 201y (% z for allz € G1[G3]

1 ®, 2]0,01/0:2]y % z]e,

&(((z,)],))501/6:l(((w, )]s,
(4) We define the relation
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—

(A [[Gl[GQ] : @2] : @1/@2] — [Gl[E;]\@l]
such that

U([([(Iz]e.)le, /00 @)lp) = [([7]ey; @)l

Now, we show that ¥ is well-defined, one to one, and onto. Suppose that
(2o @)y = [(Wor B, Then, [tlo, ®a [lo, = e, ® [2]e,, for all
€ [G

2]e, 1|Go] © ©41]. Hence, [ ®, 2z]o, = [y ® z]o,. This implies that
B

(x ® )@_(y z). We conclude that (z ® 2)Os(y (%) z), because ©; C Os.
Heﬂce (z® 2 )] =y ® z)le,- We obtain [z]e, ®a [z]e, = [y]e, 2 2,
Then,

[([([z]e.)le, /0.: )], = [([([Y]e2 )61 /005 )

So ¥ is one-to-one. It is easy to see that ¥ is onto. Suppose that

[([([7]e,)]e, /0, )], = [([([Y]e.)]e, /6,5 B)]y- Then,
[([7]e,)]e, /0, ®a [([2]0,)]e. /0, = [([Yle.)]e, /e, 2 [([2]e,)]e, /0.

for all [([2]e,)]e,/0, € [[G1[G2] : ©2] : ©1/05]. We conclude that
([#le, @a 2]e.)ler/0, = l(lWle: @ [2]e.)le, 0,

Hence, [z ®, 2]0,01/0O2ly ® z|o,. By the definition of ©1/0,, we obtain
B

1201y ® z. Therefore, [azz] =y ® z]e,. This implies
o B

[ZE]Gl ®0é [2]91 - [y]91 %) [2]91'

So, [([z]e,, )], = [([yle,, )], and W is well-defined. ]

Theorem 3.20. Suppose that G1 and Gy are I'-semihypergroups such that
G1N Gy =10 and ©1 C Oy is a reqular relations on G1|Gs]. Then,

Apro, jo,([Ale,) = [Apre,(A)]e,.

Proof. Let [z]e, € Apre, je,([Ale,). Hence, [([z]o,)]o,/0, N [Ale, # 0. There

exists [z]o, € [([t]o,)le,/0, N [Ale,. Then, [z]o, € [([z]o,)]e,/0, and
[z]e, € [A]e,. This implies that [z]e,01/O2[r]e,. Then, 201z, by the defi-
nition of ©;/0,. We have z € A and z € [z]g, implies that [z]g, N A # 0.
Hence, z € Aprg, (A). We obtain [z]e, € [(Apre,(4))]e, and

A—p?“@l/@g([A]@z) - [A—m@1(A)]®2 .
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Conversely, suppose that [z]e, € [Apre, (A)]e,. Then, x € Aprg (A). This
means that [z]o, N A # (. There exists z € [x]o, N A. So z € A and
z € [z]e,- So, 201z and [z]e, € [Ale,- Then, [2]e,01/0:[z]e,. We have
[zle, € [([z]e,)le,/0, N [Ale, and [([z]e,)]e,/e, N [A]e, # 0. This means that
[z]e, € Apre, 6,([A]e,) and we obtain the inclusion

[Apre,(A)]e, € Apre, jo,([Ale,).
0

Theorem 3.21. If G and Gy are I'-semihypergroups, G1 N Gy = 0 and
O1 C Oy is a regular relations on G1|Gs]. Then,

Apr e, ([Ale,) = [Aprg (A)le,.

Proof. Let [ale, € Apry o ([Alo,). Then, [([wlelo,e, € [Ale,. Suppose
that z € [z]e,. This means that z©,2. Hence,

[2]92@1/@2[$]@2.

So [z]e, € [([7]e,)]e,/e, € [Ale,. We conclude that [z]e, € [A]e,. Then,
z € A and we obtain [z]g, € A. This means that z € Aprgl(A). Hence,
[z]e, € [Aprg (A)]e,-

Conversely, suppose that [z]e, € [(Apr (A))le,. Then, z € Apr, (A) and
[z]o, € A. Let [z]e, € [([7]e,)]6,/0,- Then, [z]e,01/0:[r]e,. This implies
that 20;2. We have z € [z]g, C A. So z € A and [z]e, € [A]e,. We conclude
that [([Z’]@Q)]@l/QQ - [A]@2. We obtain [ZL‘]@2 c @@1/92([14]@2). [

Proposition 3.22. Suppose that G and Go are I'-semihypergroups. Then,
(P(G1]G3)), 0) is a semihypergroup.

Proof. We know that (é’\l[é\g],o) is a semihypergroup.  Suppose that
A, B,C € P(G1]G]). Then,

(AoB)oC = U ([(z, )], 0 [(y, B)]p) o [(z,7)],

[(z,2)],€A[(y,0)],€B,[(2:7)],€C

= U (2, )], 0 (I, B)],) © [(,7)],)

[(z,0)], € A,[(y,0)],€ B, [(2:7)],€C
=Ao(Bo().
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Proposition 3.23. Suppose that G1 and G are T'-hyperideals such that
GiNGy = 0. If (F,A) is a soft set over G1[G3] such that F is an onto
function. Then, (F', A" is a soft set over G1[Gs].

Proof. We define F' : A" — G1[G5] as follows:

/ /

F'(z) = (F([(z,1)],)) forallz € A',
We show that F' is well-defined. Let z = y for z,y € A. Then,
(z,1)], = [(y,I')],. From the assumption, F([(z,I)],) = F([(y,1)],),
because F' is well-defined. We obtain
(F([(x, D)) = (F([(y,T)],)) -
This implies that F' () = F'(y) and F' is well-defined. O

Definition 3.24. Suppose that (F, A) is a soft set over Gh [C/l\g] We denote
the soft set (F', A') by (F, A)" and we define

supp(F. A)) = {x € A'|F (2) # 0}.

Proposition 3.25. Suppose that A is a right hyperideal of semihypergroup
E. Hence, we have

z € supp((F,A)) <= [(x,T)], C supp(F, A).

A
Proof. Let © € supp(F,A). Then, z € A and F'(z) # (. There exists
a € T such that [(z,a)], € A. We have F'(z) = F([(z,T)],)’. We know that
F'(x) # 0. So, F([(z,T)],) # 0 and there exists y € F([(x,I)],) and g € T
such that [(y, )], € F([(z,I)],). So, F([(x,T')],) # 0. We conclude that
(2, )], € supp(F, A).

Conversely, let [(z,I)], € supp(F,A). For every a € I, we have
[(z,)], € supp(F, A). Therefore, [(z,a)], € A and F([(z,a)],) # 0. Then,
z € A and F([(z,a)],) # 0. We conclude that z € A" and F([(x,T)],) # 0.
We know that F'(z) = F([(z,T)],)". So F'(z) # () and = € A" which implies
that = € supp((F, A)"). O

Theorem 3.26. Let A be a right hyperideal over semihypergroup E. Then,
(supp(F, A)) = supp(F, A).

Proof. Suppose that = € (supp(F,A)). There exists a € T' such that
[(z,c)], € supp(F,A). Then, [(z,a)], € A and F([(z,a)],) # 0. Hence,
z € A and F([(z,a)],) # 0. We conclude that x € A" and F'(z) # (). This

implies that = € supp(F, A'). We obtain (supp(F, A)) C supp(F', A).
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Conversely, let « € supp(F', A'). Then, z € A" and F'(z) # (). We conclude
that F'([(x,I')],) # 0 and for every a € T', we have

[(z, )], € A
We obtain [(x,T)], C supp(F, A). So, x € (supp(F, A))". O

Proposition 3.27. Suppose that A is a semihypergroup and (F, A) is a soft
set over G1|Gs]. Then,

(F([(2,1)],)) € F ().

Proof. Let y € (F([(z,T)],)). By the assumption, there exist o € I where
(y, )], € F([(z,1],). Besides, there exist § € I such that
[(y,a)], € F([(x,8)],) € [(F'(x),8)],- So, There exist t € F'(x) such that
(y, )], = [(t, ﬁ)] We have y ®, z = t%)z, for every z € G1[Gs]. We set

2 = e,. wWe obtain y ®, e, =t ® e,. This implies that
B
Y € t%@ea C F'(2) %i) G1[Ga] C F'(x).

We conclude that y € F'(x) and (F([(z,1)],)) C F'(z). O

There is a connection between subsemihypergroups of semihypergroup
G1]|Gs] and T'-subsemihypergroups of associated I'-hypergroupoid G1[Gs] as
follows:

Proposition 3.28. Let A be a non-empty subset of é\l[é\g] and A be a
subsemihypergroup of G1[Gs]. Then, A is a T'-subsemihypergroup of G1[Gs).

Proof. Let # and y in A'. Then, there exist o and B in I' such that
[(z,a)],, [(y,B)], € A. Then, by the assumption, we have

[(, O‘)]p o[(y,8)], € A.
This implies that [(z ®4 ¥y, 8)], € A. This means that 2 ®,y C A'. ]

Definition 3.29. We say that (é\l[é\g] ©) is a Pawlak approximation
space, where Gl[Gg] is a semihypergroup and © is an equivalence relation

over Gl[Gg].

Definition 3.30. Let (é\l[@], ©) be a Pawlak approximation space and let
G = (F, A) be a soft set over G1[G3]. Then, U(O,G) is called a lower rough
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soft semihypergroup w.r.t © of é\l[é\g] if M@F ([(z, @)],) is a subsemihyper-
group of é\l[é\g], for every [(z, )], € A. Also, we can define lower rough soft
hyperideal and lower rough soft prime hyperideal in E}\lis way. Moreover, G
is called a rough soft semihypergroup w.r.t © of G1[Gs] if Apr  F([(z, a)]p)

and AprgF([(z,a)],) are subsemihypergroups of é\l[é\g] for all [(z, o)], € A.

Example 3.31. In Example 3.3, (Gl[Gg] @) is a Pawlak approximation

space.  Suppose that G = (F,A) be a soft set over Gl[Gg] where
A ={[(m, )]y, [(n, @)],} and

F(((m,)],) =G, F([(n,0)],) = {[(a, )], [(b, B)], }

Therefore,

Fg([(m,a)],) = Fg(l(m,a)l,) = G,
Fs([(n,)],) = 0, Fg([(n,a)],) = Gi.

Thus, G = (F, A) is a rough soft semihypergroup over é\l[é\g]

Proposition 3.32. Suppose that é\l[é\g] 1s a semihypergroup with unit and

(F, A) is a soft right hyperideal over é\l[é\g] such that A is a semihypergroup.
Then,

(F([(2,T)],)) = F (2).

Proof. Let y € F(:C) Then, [(y,1)], € [(F'(x),T)], F(/[(x,l“)]p). So
[(g//,f‘)]p C F([(z, ]p/) This implies that y € (F([(x,I')],)). We obtain,
F(x) C (F([(x F)] )) . Now, let S (F([(z,1)],)). There exist a € [ such
that [(vy, )]p € F([ z,1)],) = [(F (z),I")],. We conclude that y € F'(z) and
(F(((z,T)],)) € F (x). .

4. RELATION BETWEEN DECISION-MAKING ALGORITHM OF ROUGH SOFT
SEMIHYPERGROUPS AND ASSOCIATED ROUGH SOFT SETS

In this section ﬁ/rﬁt,/zve obtain the decision-making algorithm of rough soft
semihypergroups G1[Gs]. We find a relation between the decision-making al-
gorithm of this rough soft semihypergroup and its associated rough soft set.

To add to this, Zhan et al. [50] presented a decision-making method by
using a fuzzy set and constructed a congruence relation to define lower and
upper approximations in soft n-semigroups. In this section, we use an equiva-
lence relation which is regular, to construct approximations of soft semihyper-
groups as a generalization of Zhan’s concept and prove that by replacing any
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regular relation with the congruence relation defined by Zhan the decision-
making algorithm base on the minimum parameter is effective and accurate.

Decision making method I: Let Gl[Gg] be a semihypergroup and E be
a set of related parameters. Then, G = (F, A) is called original description

soft set over é\l[é\g], where

A= {[(617 al)]ﬂ? [(627 aQ)]P? B [(ema Qm)]ﬂ} CE,

let © be an equivalence relation of é\l[é\g] and let (é\l[é\g], ©) be a Pawlak
approximation space. Then, we present the decision algorithm for rough soft
sets on semihypergroups as follows:

step 1: Input the original description semihypergroup é\l[é;], soft set G
and Pawlak approximation space (G1]Gs], ©).

step 2: Compute the lower and upper rough soft approximations Apr_(G)

and Aprg(G) on G, respectively.
step 3: Compute the different values of || F([e;, as],) ||, where
| Apro(F(les, ailp)) | = | Aprg (F(les, ail,)) |
| F([ei; ulp) | '
step 4: Find the minimum value || F([ex, akl,) || of || £ ([es, cuil,) ||, where

I E(ler, alp) = min {[| F(les, ailp) I[}-

1<i<n

|| F(le; ail,) |1=

step 5: The decision is F'([ex, au],).

Example 4.1. Consider Example 3.31, we define a soft set G = (F, A) over
G1|Gs], where A = {[(m, ®)],, [(n, @)],, [({, )], } such that

E({(m, a)l,) = {l(a, @), [(a, B)],: (¢, @), [(e, 5)]p,

E([(n, )]p) = {6, 8)]p [(c; a)],, [(b, )], [((1 2 3), )], [((1 3 2),-)],
F([(, O‘)]p) = {[((1 3 2), ‘)]pv [(a, O‘)]p}-

We obtain,
AprgF([(m, a)],) =0,
AprgF([(m,a)],) = Gi,
ApraF([(n,a)]p) ={1((123),)],, [(132),-)],},
ApraF([(n,)],) = GrU{[((123),)],, [((132),)],},
Aprg F([(1, @)],) = {[((1 3 2),-)],},
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ApraF([(La)],) = Gru{[((132),)],}

Then,
| F((ma)],) | == = 15
I E(.a))y) | == =12,
| F(@a)) | =5t =3

The decision is F'([(n, a)],).

Theorem 4.2. Let (F,A) be a rough soft hyperideal over é\l[é\g] w.r.t ©
and © be a regular relation. Then, for every [(e;,a;)], € A such that
F([(ei, i)],) # 0, we have

(Apro F([(ei,ai)l,)) S Aprg (F([(er, ai)l,)) -

Proof. By the assumption F'([(e;, o;)],) # 0 is a hyperideal over é\l[é\g] w.r.t
O, for every [(e;, )], € A. Then, By Theorem 3.9, we conclude that

(Aprg F([(es, ai)l,)) S Aprg (F([(es, ai)],)) - O

Theorem 4.3. Let (F, A) be a non-null rough soft set over é\l[é\z] w.r.t O.
Then, for every [(e;, )], € A such that F([(e;, 4)],) # 0, we have

(ApreF([(es, ai)]p) = Aprer (F([(ei, ai)],))"
Proof. By Theorem 3.11, we obtain the equation. [

Proposition 4.4. Suppose that (é\l[é\g], ©) is a Pawlak approximation space.
Then, (G1[Gs],0) is also a Pawlak approzimation space.

Proof. By the assumption, © is a regular relation on semihypergroup é\l[é\g]
and by Proposition 3.16, ©" is a regular relation on G1[Ga]. So, (G1][G3],©)
is a Pawlak approximation space. ]

Proposition 4.5. Let © be a regular relation on é\l[é\g] Then,
Apro F([(ei,T)],) € [(Aprg F (e:),T)],.

Proof. First, we prove that F'([(e;,I)],) C [( (el) I')],. Suppose Ithat
[(z,a)], € F([(GZ,F)] ). Then, x € F([(e;,1)],)" € F'(e;). Thus, x € F (e;).
This implies that [(z,a)], € [(F (e;),T)],. We conclude that

C

F([(es,T)]p) € [(F (i), )],
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Now, let [(z,a)], € Apro F([(e:.T)],). Then, [([(z,a)],)]o € F(((e:.D)],).
Also, t € [7]or, implies that t©'x and [(¢,T)],0][(z,T)],. So, for a € T, there
exists # € I' such that [(¢, 8)],0[(x, )], We conclude that
(8, 8)], € F([(e:, D)) S [(F(e),T)],.
So, t € F'(e;). We obtain [z]gy € F'(e;). So, x € M@,F/(ei) and
[(z, )], € [(M@,F/(ei),F)]p. Therefore,
Apro F(((ei,T)],) C [(Aprg F'(e:),T)],.
O

Theorem 4.6. Let A and Gl[Gg] be semihypergroups with unit and (F, A)

be a soft right hypemdeal over G]_[GQ] and © be a regular relation on Gl[G2]
Then, for every e; € A', we have

Apr o, (F([(e1,T)],)) = Apro F (e).
Proof. The proof obtained by Proposition 3.32. 0

Theorem 4.7. Let A and é\l[@] be_semihypergroups with unit such that
(F A) be a soft right hyperideal over Gl[Gg] and © be a reqular relation on
G1 [GQ] Then, for every e; € A', we have

Apre (F([(ei, D)],)) = Aprey F (e).
Proof. The proof obtained by Proposition 3.32. ]

Now, we obtain the decision-making algorithm of associated rough soft set
as follows:

step 1: Input the associated set (G1[Gs], ®a), soft set G = (F, A)’, Pawlak
approximation space (G1[G5],0') where ©' is a regular relation of G1[G4).

step 2: For all [(e;, )], € A, we conclude that e; € A. Thus, we obtain the
lower and upper rough soft approximations Apr, (F ‘(7)) and Apre (F'(e;)).

step 3: Compute the different values of || F'(¢;) || as follows:

e | ) |~ | A ()
Z | F"(es) |
NAprg (F([(ei. D)) | — | Apre, (F(((er, T)],)) |
B | F7(ei) |
[ @ApreF(((ei. D)) | = | (ApreF([(ei, T)],))" |
(F([(ei, 1))
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=l (F([(esx D)) I

step 4: Find the minimum value of || F'(e}) ||, where

1 F (ex) [1=min || F'(e;) |

= puin || (F ([t T, |
— | (F(llew D) 11

step 5: The decision is F'(ey,)

Example 4.8. Consider examples 3.31 and 4.1. We have G' = (F, A) such
that A" = {m,n,l} and we obtain

!/

F'(m)={a,c}, F(n)={bec (123),(132)}, F() ={132),a}.
Also, (©)' is a regular relation on G1[Gs]. So, we have
[a](@)/ = [b](@)’ = [C] y = = G,
[(123)] ey =11 23)},[(132)] g ={132)} (V)]s ={1)}

Now, we obtaln the lower and upper rough soft approximations as follows:

Apr g F (m) =

Apr (m) =G,

Apr g F (n) = {(123),(132)},
Ap?” Fn)=G U{(123),(132)}.
Am»~ 1) ={132)},

Apr(@)/ () =GLU{(132)}.
We compute the difference values as follows:
) 3 — O
| £ (m) ||= —— = 1.50,

/ 5—2
| F'(n) |= == =075

/ 4—1
| F'(0) = —= = 1.50.

The decision is ' (n). Moreover, in the Example 4.1, we conclude that the
appropriate parameter is [(n, a)],.



132 RAKHSH KHORSHID AND OSTADHADI-DEHKORDI
5. CONCLUSIONS

The concept of rough soft sets introduced by Feng [14] by combining rough
and soft sets. Also, rough soft sets to algebraic structures hemirings in-
vestigated by Zhan [13]. They gave some characterizations of rough soft
hemirings. In the present paper, we proposed a novel rough soft algebraic
hyperstructure extension semihypergroups induced by operators. Hence, we
try to investigate the relation between decision-making algorithm of rough
soft semihypergroups and associated rough soft sets. The concept of decision-
making has found very important in an imprecise environment. Hence, we
try to put decision-making approaches based on rough soft extension semi-
hypergroups induced by operators, and the motivation for decision algorithm
extensions semihypergroups induced by operators to find which is the best
parameter of a given soft set. We hope it would be served as a foundation of
rough soft set theory and other decision-making methods in different areas,
such as theoretical computer sciences, information sciences and intelligent
systems, and so on.
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