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Abstract: This paper introduces a new concept called cyclic associative semihypergroup (CA-
semihypergroup). The relationships among CA-semihypergroups, Semihypergroups and LA-
semihypergroups are studied through some interesting examples. The relationships among various
NET-CA-semihypergroups are also studied. The main properties of strong pure neutrosophic ex-
tended triplet CA-semihypergroups (SP-NET-CA-semihypergroups) are obtained. In particular, the
algorithm of a generated CA-semihypergroup of order tm+n by two known CA-semihypergroups
of order m and n is proven, and a CA-semihypergroup of order 19 is obtained by using a Python
program. Moreover, it is proven that five different definitions, which can all be used as the definition
of SP-NET-CA-Semihypergroup, are equivalent.

Keywords: CA-semihypergroup; NET-CA-semihypergroup; SP-NET-CA-semihypergoup; semihy-
pergroup; LA-semihypergroup

1. Introduction

The associative law

(xy)z=x(y2), )
is an important operation law of binary operation. If we replace x with y, y with z, z with x
in identity (1), then the identity (1) becomes

y2)x=y(zx). )

Clearly, the identity (2) is also associative. This shows that associative law reflects the
symmetry of binary operation. Similarly, other types of nonassociative laws such as

(xy) z = (z x) y, Left weakly Novikov law,

(xy) z = x (z y), Tarski’s associative law,
(xy) z = (z y) x, Left invertive law,
x (v z) = z (y x), Grassman’s associative law,

and so on also reflect their own symmetries.

Today, nonassociativity is applied to many scientific and technological fields, among
which are physics (see [1]), functional equations (see [2]), nonassociative rings and nonas-
sociative algebras (see [3-7]), image processing (see [8]), networks (see [9]) and so on. This
paper examines a type of nonassociative algebraic structure with cyclic associative law.

More than 70 years ago, L. Byrne took the following two formulas

(xy)z=(y2)x, (3)
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xy =z7 2xy=x,

as axioms of Boolean algebra and proved that the Boolean algebra satisfying these axioms
is commutative (see [10]). Later, M. Sholander discussed properties of various semilattices
with identity (3), he called identity (3) cyclic associative law (see [11]). Obviously, if
commutative law holds, the identity (3) is equivalent to

z(xy)=x(y2). 4)

Furthermore, using identity (4), we have

x(yz)=y(zx). 5)

Therefore, in this paper, (4) and (5) are still called cyclic associative law.

Since the concept of cyclic associative law appeared, it has been used in many research
fields. In 1995 M. Kleinfeld discussed rings satisfying cyclic associative law (CA-rings)
(see [12]). After that, A. Behn, I. Correa and I.R. Hentzel studied semiprimality and
nilpotency of CA-rings in 2008 (see [13]). D. Samanta and I.R. Hentzel studied CA-rings
satisfying (a, a, b) = (b, a, a) in 2019 (see [14]). Besides these, cyclic associative law is used
to study other algebraic structures. In 2016 M. Igbal, I. Ahmad, M. Shah and M.I. Ali
defined AG-groupoids with cyclic associative law (CA-AG-groupoid) and studied their
properties (see [15]). M. Igbal and I. Ahmad then further studied this algebraic structure,
obtaining some interesting results (see [16,17]). In 2019 Zhang, X.H., Ma, Z.R. and Yuan W.T.
introduced the concepts of CA-Groupoid and CA-NET-Groupoid and showed that each
CA-NET-groupoid can be expressed as the union of disjoint subgroups (see [18]). A year
later, Yuan W.T., and Zhang, X.H. studied CA-NET-Groupoids with Green relations and
proved some important results (see [19]). Shortly afterward, an algebraic structure called
variant CA-Groupoid was defined by Ma, Z.R., Zhang, X.H. and Smarandache F., and the
construction methods were obtained (see [20]).

It is well known that hyperstructure theory is a natural extension of traditional alge-
braic structure and has been applied in many fields such as artificial intelligence, automata,
codes, cryptography, graphs and hypergraphs, geometry, probabilities, binary relations,
relation algebras, median algebras, C-algebras, fuzzy sets and rough sets and lattices.
In recent years, some new hyperstructures have been introduced and studied. In 2018
M. Gulistan, S. Nawaz and N. Hassan introduced the notion of NT-LA-semihypergroup
and gave an interesting application example in [21]. In 2019 X.H. Zhang, F. Smarandache
and Y.C. Ma gave the definitions of an NET-semihypergroup and an NET-hypergroup and
obtained the main properties and characteristics of this kind of algebraic structure in [22].
In 2020 M.H. Hu, F. Smarandache and X.H. Zhang studied the properties and construction
methods of an SP-NET-LA-semihypergroup and found that the symmetry of this algebraic
structure is not perfect (see [23]). In addition, there are some related studies (see [24-31]).

Building on the achievements of our predecessors, in this paper we mainly study a class
of binary hypergroupoids with cyclic associative law, which is called CA-semihypergroup.
The specific content is as follows:

In Section 2 the concept of CA-semihypergroup is introduced and the relationships
of several algebraic structures (including CA-semihypergroups, LA-semihypergroups and
Semihypergroups) are studied. The generation algorithm of higher-order CA-semihypergroup
is proven. A CA-semihypergroup of order 19 is generated by using a Python program.

In Section 3 the concepts of various Net-CA-semihypergroups are given, and the
relationships of these algebraic structures (including LR-Net-CA-semihypergroups, RL-
Net-CA-semihypergroups, RR-Net-CA-semihypergroups, LL-Net-CA-semihypergroups, R-
Regular-CA-semihypergroups, L-Regular-CA-semihypergroups and S-Regular-CA-
semihypergroups) are studied based on some examples.

In Section 4 the concepts of various pure Net-CA-semihypergroups are given. Then
an important theorem is proven step-by-step through an ingenious method. This theorem
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shows that an SP-NET-CA-semihypergroup can be defined in five different ways. Finally,
the main properties of an SP-NET-CA-semihypergroup are obtained.

In Section 5 we list the main conclusions of this paper and what topics we will research
in the future.

2. Cyclic Associative Semihypergroups (CA-Semihypergroups)

Definition 1. A binary pair (V, %) is called a binary hypergroupoid if V is a nonempty set,
*x VxV—=P*(V)

is a mapping and P * (V) is the set of all nonempty subsets of V.
Ifve V,W,K e P *(V), the following notations will be used:

W K= U (wxk)
weW,keK

W x {v} = Wxo,
{v} x K=v* K.

Definition 2. Suppose (C, x) is a binary hypergroupoid such that
U* (VxkwW)=wx* (Ux*v) (6)

forall u, v, w € C. Under condition (6), (C, %) is said to be a cyclic associative semihypergroup
(written simply as CA-semihypergroup). Here is a more precise way of stating (6):

= t 7
se(g*w) (u*s) te(%*v)(w* ) @

By (6) and (7), for all v, u, v, w € C, we have

(ru) * (vrxw) = %J)(s*(v*w)): (U)(w*(s*v)): %J)(v*(w*s)):v*(w*(r*u))
s e(rxu s e(r+u s e(ru
=ox ux(w*xr)= U (vxuxt)= U (tx(v*rxu)=(wx*r)x(v*u).
te(wxr) te(w * )
That is,
(r*u) * (vxw) = (w*r)* (V*u). (8)

Similarly, we have
(r*s)x ((txu) % (©*xw))=W*r)*((t*s)* (v*w)). )

Note that the following equations still hold for all U, V, W, R, S, T € P *(C).

Ux(VxW)=Wx Ux*V), (10)
(R*U) % (VxW)=(WxR)x(VxU), (11)
R*xS)x(TrU)*x(VxW))=(U*R)*((T*S)x(V*W)). (12)

If we replace cyclic associative law with associative law, then (C, %) is said to be a semihy-
pergroup. If we replace cyclic associative law with left invertive law, then (C, %) is said to be
an LA-semihypergroup. Since the three algebraic structures are different, we will discuss the
relationships among CA-semihypergroups, LA-semihypergroups and Semihypergroups based on
some examples.

Example 1. Consider the binary hypergroupoid (C = (0, 1, 2, 3}, x) whose multiplication table is
exhibited below (see Table 1):
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Table 1. The binary hyperoperation x on C.

W N R O *
5553 o
55353 -
5553 »

Using a Python program, we know that (C, x) is not only a CA-semihypergroup but also an
LA-semihypergroup. However, (C, x) is not a Semihypergroup because

(B*3)x3={0,2} * 3 =(0*3)U(2 x 3) = {0}u{0} = {0},

3% (3x3)=3%{0,2} =3 x0)U(3 % 2) = {0ju{l} ={0,1},
(8 % 3) x 3 #£ 3 x (3 x 3). Associative law does not hold.

Example 2. Consider the binary hypergroupoid (C = {0, 1, 2, 3}, x) whose multiplication table is
exhibited below (see Table 2):

Table 2. The binary hyperoperation x on C.

* 0 1 2 3
0 {0} {0} {0} {0}
1 {0} {0} {0} {0}
2 {0} {0} {0} {0}
3 {0} {0} {1} {0,3}

Using a Python program, we know that (C, ) is a CA-semihypergroup, but neither an
LA-semihypergroup nor a Semihypergroup because

2x3)x3={0}x3={0},
Bx3)*x2={0,3} x2=(0x2)UB x2)={0}uU{1} ={0,1},
3x(B%x2)=3%{1}=3x1={0},
(2 % 3) % 3 # (3 % 3) x 2, Left invertive law does not hold.
(3% 3) x2 # 3 x (3 x 2). Associative law does not hold.

Example 3. Consider the binary hypergroupoid (C = {0, 1, 2, 3}, x) whose multiplication table is
exhibited below (see Table 3):

Table 3. The binary hyperoperation x on C.

* 0 1 2 3
0 {0} {0} {0} {0}
1 {0} {0} {0} {0}
2 {0} {0} {0} {0}
3 {0} {0} {0,2} {0,3}

Using a Python program, we know that (C, x) is a Semihypergroup, but neither a CA-
semihypergroup nor an LA-semihypergroup because

3% (2%3)=3% {0} ={0},

3x(3%2)=3%1{0,2) = (3 0)UB *2) = {0}U{0,2} = {0,2},
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3 % (2% 3) # 3 % (3 x 2). Cyclic associative law does not hold
2x3)x3={0}x3={0},
(Bx3)*2={0,3} 2= (0*2)UB ~2) = {0}u{0,2} = {0,2},
(2 % 3) x 3 # (3 x 3) x 2. Left invertive law does not hold.

Example 4. Consider the binary hypergroupoid (C = {0, 1, 2, 3}, x) whose multiplication table is
exhibited below (see Table 4):

Table 4. The binary hyperoperation x on C.

* 0 1 2 3

0 {0,1,2,3} {0,1,2,3} {0,1,2,3} {0,1,2,3}
1 {0,1,2,3} {0,1,2,3} {0,1,2,3} {0,1,2,3}
2 {0,1,2,3} {0,1,2,3} {0,1,2,3} {1,3}
3 {0,1,2,3} {0,1,3} {2,3} {0,1,3}

Using a Python program, we know that (C, %) is not only an LA-semihypergroup but also
a Semihypergroup.
However, (C, x) is not a CA-semihypergroup because

3% (2%3)=3%{1,3} = (3 x )UB * 3) = {0,1,3}U{0,1,3} = {0,1,3},

3% (3x2)=3%{23}=3x2)UB*3)=1{2,3}U{0,1,3} ={0,1,2,3},
3 % (2 % 3) # 3 % (3 x 2). Cyclic associative law does not hold.

Example 5. Consider the binary hypergroupoid (C = {0, 1, 2, 3}, x) whose multiplication table is
exhibited below (see Table 5):

Table 5. The binary hyperoperation x on C.

* 0 1 2 3
0 {0} {0} {0} {0}
1 {0} {0} {0} {0}
2 {0} {0} {0} {0}
3 {0} {0} {0,2} {1,2}

Using a Python program, we know that (C, %) is an LA-semihypergroup, but neither a
CA-semihypergroup nor a Semihypergroup because

3x(2%*3)=3%{0}=3+0={0},

3x(3%2)=3%1{0,2} = (3% 0)U(3 * 2) = {0}U{0,2} = {0,2},
B*3)x2={1,2} x 2= (1 % 2)U(2 x 2) = {0}u{0} = {0},
3 % (2% 3) # 3 x (3 % 2), Cyclic associative law does not hold.
(B % 3) x2 £ 3 x (3 x 2). Associative law does not hold.

Example 6. Let 77 be a square having sides of length 1 and vertices {A, B, C, D}, draw 7 in the x-y
plane so that its center is at the origin and its sides are parallel to the axes (see Figure 1).

Assume that M = {I, R,R%,R3,L, 12, L3}, each element of which is a plane motion of the
square. Element I represents a rotation of 0° around the origin. Elements R, R? and R® represent
90°, 180° and 270° of counterclockwise rotations around the origin, respectively. Elements L, L
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and L3 represent 90°, 180° and 270° of clockwise rotations around the origin, respectively. The
binary hyperoperation x is given in Table 6:

Ay

=y

D A

Figure 1. Square 7.

Table 6. The binary hyperoperation x on M.

* I R R? R3 L ? L3

I {n {RL3) {R2,12} {R3,L} {R3,L} {R2,12} {RL3}
R {RL3} {R2,1%} {R3,L} {} {n {R3,L} {R2,1%}
R? {R?,12} {R3,L} {1} {R,L3) {RL3) {1} {R3,L}
R3 {R3,L} {n {R,L3} {R2,12} {R2,1%} {R,L3} {n

L {R3,L} {n {R,L3} {R?2,12} {R?,1%} {R,L3} {n

L? {R?,1%} {R3,L) {n {R,L3) {R,L3} {1 {R3,L}
L3 {RL3} {R?,1%} {R3,L} {} {n {R3,L} {R?,1%}

Using a Python program, it is quite easy to verify that (M, %) is a CA-semihypergroup, an
LA-semihypergroup and a Semihypergroup. Moreover, (M, x) is commutative.

According to Examples 1-6, we can chart the relationships among CA-semihypergroups,
LA-semihypergroups and Semihypergroups (see Figure 2).

Commutative
Semihypergroups

Semihypergroups

LA-semihypergroups

Figure 2. The relationships among some algebraic systems.

Definition 3. When (M, a1) and (C, ay) are CA-semihypergroups, the mapping ¢: M — C is said
to be a good homomorphism if
p(aar B) = @(a)az ¢(p)

for all «, B € M. A bijective good homomorphism is an isomorphism. When f: M — C is an
isomorphism, we write f: (M, a1) = (C, ap) and say that (M, a1) and (C, ay) are isomorphic.

Theorem 1. Let (C1, a7) be a CA-semihypergroup of order m, (Ca, ap) be a CA-semihypergroup of
order n.
Denote C = C;UC, (C1NCy = D) and define the binary hyperoperation a in C as follows:
(a) ifu,veCy, then uav =ua; v;
(b) ifu,v € Cy, then uav = uay v;
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(c) ifueCy,veCy then uav=1u;
(d) ifueCyveCy, then uav =v;
(e) ifueCyuveCqweCy,then ua(vaw) = wa(uav);

Then (C, a) is a CA-semihypergroup of order m + n.

Proof. To prove that (C, a) is a CA-semihypergroup, we have to show that it satisfies cyclic
associative law. That is,
ua(vaw) = wa(uav)

for all u, v, w € C. We shall discuss several cases.

Casel. u,v,w € Cyoru,v,w € Cy. Since Cq, C; are CA-semihypergroups, ua(vaw) =
wa(uav).

Case2. ue Cy,veC,we(Cy.

wa(uav) = reuALzJ)Ccz(wu’) =w = uaw = ua(vaw).

Case 3. u € C1,v € Cy, w € Cy. By (c) and (d), we have
wa(UAD) = wal = U = vaU = VA(WaAL).
By the conclusion of Case 2, we obtain
va(wau) = ua(vaw).

Thus ua(vaw) = wa(uav).
Case 4. u € C1,v € C1, w € Cy. By (d) and (c), we have

wa(uav) = U (war)= U 1= uav = ua(vaw).
reuAvCCy reuAvCCy

Case 5. u € Cy, v € C1, w € Cy. By (c) and (d), we have
uA(VAW) = UAV = U = va(UaW).
By the conclusion of Case 3, (c) and (d), we obtain
va(uaw) = wa(vau) = wav = wa(uav).

Thus ua(vaw) = wa(uav).
Case 6. u € C, v € C1, w € C1. By (e), we have ua(vaw) = wa(uav).
Case7. u € C1,v € Cy, w € Cy. By (e), we have

va(wau) = ua(vaw).
By the conclusion of Case 4, we obtain
wa(uav) = va(wau).

Thus ua(vaw) = wa(uav). In conclusion, (C, a) is a CA-semihypergroup of order
m+n. O

Theorem 2. Let (Cq, a7) be a commutative CA-semihypergroup of order m, (C,, a3) be a CA-
semihypergroup of order n, and C;NC, = &.
(1)  Denote C = C;UC,, and define the binary hyperoperation a in C as follows:

(a) ifu,v € Cy, then uav = uag v;

(b) ifu,v e Cy, then uav = uay v;

(c) ifu e Cy,ve Cy, then uav = u;
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(2)

(d) ifu e CyveCq, then uav =v;

Then (C, a) is a CA-semihypergroup of order m + n.

Suppose (M, x) and (C, a) are isomorphic. Denote P = C;UM, and define the binary hyperop-
eration win P as follows:

(e) ifu, v € Cq, then umv = uaq v;

52 ifu, v € M, then umo = u*v;

(g) ifueCy,veM, then umv = u;

(h) ifu € M, ve Cq, then uwv = v;

Then (P, w) is a CA-semihypergroup of order m + (m + n).

Proof. (1) By the proof of Theorem 1, we just need to prove Cases 6-7.

Case 6. u € Cp,v € C1, w € Cy. Since (Cy, a1) is a commutative CA-semihypergroup,

we have

WA = 0AW.

Thus wa(uav) = wav = vaw = va(wau). By the proof of Case 4 in Theorem 1, we get
va(wau) = ua(vaw).

Thus ua(vaw) = wa(uav).
Case 7. u € C1,v € Cy, w € Cq. By the proof of Case 6, we have

va(wa) = ua(vaw).
By the proof of Case 4 in Theorem 1, we get
wa(uav) = va(wau).

Thus ua(vaw) = wa(uav). In conclusion, (C, a) is a CA-semihypergroup of order m + n.
(2) By Theorem 2 (1), we can get Theorem 2 (2). OJ

Remark 1. We can easily prove that the following two conditions are equivalent.

Condition 1:

(a)
(b)
(c)
(d)
(e)

ifu,v € Cq, then uav = uaq v;

ifu, v € Cy, then uav = uay v;

ifu € Cy,v € Cy, then uav = u;

ifu € Cy v e Cy, then uav =v;

ifue CyveCy,we Cy, then ua(vaw) = wa(uav).

Condition 2:

)
(g)
(h)
(i)
(j)

ifu,v € Cq, then uav = uaq v;

ifu, v € Cy, then uav = uay v;

ifu € Cy,v € Cy, then uav = u;

ifu e Cy v e Cy, then uav =v;

C; is a commutative CA-semihypergroup.

Remark 2. Applying Theorem 2 (1) once and then Theorem 2 (2) t — 1 (t > 2) times, we can get a
CA-semihypergroup of order tm + n.

Example 7. Let C; ={0, 1, 2} and C, = {3, 4, 5, 6} define the binary hypergroupoid (Cy, a1) and
(Cy, a3) as shown in Tables 7 and 8.
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Table 7. The binary hypergroupoid (Cy, a1).

A1 0 1 2
0 {0} {0,1} {0,1,2}
1 {0,1) 1} {0,1,2}
2 {0,1,2) {0,1,2} {0,1,2}

Table 8. The binary hypergroupoid (Cy, a3).

A2 3 4 5 6
3 {4} {3,4,5,6} {4} {3,4)
4 (4} {3,4,5,6 (4} {4}
5 {4} {3,4,5,6} {4,5) {3,4,6)
6 (3,4} {3,4,5,6} (3,4,6) {3,4,6)

Using a Python program, it is quite easy to verify that (Cq, ap) is a commutative CA-
semihypergroup of order 3, (Cy, a2) is a noncommutative CA-semihypergroup of order 4, and
C1NCy = @. By Theorem 2 (1), we know that the binary hypergroupoid (C, a) = (C;UCy, a) = ({0, 1,
2,3,4,5, 6}, a) (see Table 9) is a CA-semihypergroup of order 3 + 4. We continue to apply Theorem 2
(2) to (C1, a7) and (M, ), where (M, x) ~ (C, a) and C;NM = @ (see Tables 7, 9 and 10). Then the
binary hypergroupoid (P, m) = (C;UM, w) = ({0, 1, 2, 3,4, 5,6, 7, 8, 9}, m) (see Tables 7, 10 and 11)
is a CA-semihypergroup of order 3 + (3 + 4).

Table 9. The binary hypergroupoid (C, a).

A 0 1 2 3 4 5 6
0 {0} {01} {0,1,2} {0} {0} {0} {0}
1 (0,1} {1 {0,1,2} {1 {1 {1 {1
2 {0,1,2} {0,1,2} {0,1,2} {2} {2} {2} {2}
3 {0} {1 {2} {4 {3,4,5,6} {4 {34
4 {0} {1 {2} {4 {3,4,5,6} {4} {4
5 {0} {1 {2} {4} {3,4,5,6 {4,5} {3,4,6}
6 {0} {1} {2} {3,4} {3,4,5,6} {3,4,6} {3,4,6}
Table 10. The binary hypergroupoid (M, x).
* 3 4 5 6 7 8 9
3 {3} {34 {3,4,5} {3} {3} {3} {3}
4 {34} {4 {3,4,5) {4 {4} 4} {4
5 {3/4,5} {3/4,5} {3,4,5} {5} {5} {5} {5}
6 {3} {4) {5} {7} {6,7,8,9} {7} 16,7}
7 {3} {4} 5} {7} 16,7,8,9} {7} {7}
8 {3} {4) {5} {7} 16,7,8,9 {7 8} 16,7,9}
9 {3} {4} {5} {6,7} {6,7,8,9} {6,7,9} {6,7,9}
Table 11. The binary hypergroupoid (P, m).
L] 0 1 2 3 4 5 6 7 8 9
0 {00 {01 {012 {0} {0} {0} {0} {0} {0} {0}
o1 {1 {012 {1 {1) {1) {1} {1} {1} {1}
2 {012} {012} {012} {2} {2} {2} {2} {2} {2} {2}
3 00 {1 {2} {3} 34} (345 {3 {3} {3} 3}
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Table 11. Cont.

[ 0 1 2 3 4 5 6 7 8 9

4 oy {1 {2} {3,4) 4 345 {4 {4} {4} {4}
5 oy {1 {2t (345 {345 {345 {5 {5} {5} {5}

6 oy {1 {2} {3} {4} {5} {7y {6789 {7} {6,7}
7 oy {1 {2} {3} {4) {5} {71 167,89 {7} {7}
8 oy {1 {2} {3} {4} {5} 7y 16789 {78 {6,7,9}
9 oy {1 {2} {3} {4} {5} 67y {6789 {6791 {679}

These results are obtained by using a Python program. Here, we introduce the main function
(see Python function concat_CA) in this Python program. Python function concat_CA has
three variables. The first variable, CA1, represents a symmetric CA-semihypergroup. The second
variable, CA2, represents another asymmetric CA-semihypergroup. The third variable, n minus
1, represents the number of iterations. When CA1 = (Cq, a1), CA2 = (Cy, a2), n = 2, by steps
2-3 of function conca_CA, we have p = 3, q = 4; By step 4 of function concat_CA, we can get a
dataframe as follows(see Figure 3):

0 1 2
0 [0] o, 1J [0, 1, 2]
1 [0, 1] (1] [o, 1, 2]
2 [o, 1, 2] [o, 1, 2] [0, 1, 2]

Figure 3. Top left (running result of Python).

By steps 5-13 of function concat_CA, we can get a dataframe as follows (see Figure 4):

3 4 5 6
o] [o] [o] [o0]
(1] [1] [1] [1]
[2] [2] [2] [2]

2 = O

Figure 4. Top right (running result of Python).

By step 14 of function concat_CA, we can get a dataframe as follows (see Figure 5):

0 1 2 3 4 5 6
0 [0] (o, 11 fo, 1, 27 [o] [o] ([o] [o0]
1 (o, 1] (13 ro, 1, 21 (11 [11 [11 [1]

2 [0, 1, 27 [o, 1, 2] [o, 1, 2] [2] [2] [2] I[2]

Figure 5. Upper half (running result of Python).

By steps 15-16 of function concat_CA, we can get a dataframe as follows (see Figure 6):
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0 1 &
3 [0l [1] I[2]
4 [0] [1] [2]
5 [0o] [1] [2]
6 [0] [1] I[2]

Figure 6. Lower left (running result of Python).

By step 17 of function concat_CA, we can get a dataframe as follows (see Figure 7):

3 4 5 6
3 (4] [3, 4, 5, 6] 4] (3, 4]
4 (4] [3, 4, 5, 6] (4] (4]
5 (4] [3, 4, 5, 6] [4, 5] [3, 4, 6]
6 [3, 4] [3, 4, 5, 6] [3, 4, 6] [3, 4, 6]

Figure 7. Lower right (running result of Python).

By step 18 of function concat_CA, we can get a dataframe as follows (see Figure 8):

0 1 2 3 4 ) 6

3 [o] [1] [2] (4] I3, 4, 5, 6] (4] (3, 4]
4 [0] [11 [2] [4] [3, 4, 5, 6] [4] (4]
5 [o] [1] [2] (4] [3, 4, 5, 6] (4, 5] [3, 4, 6]
6 [o] [1] [2] (3, 41 [3, 4, 5 6] [3, 4, 6] [3, 4, 6]

Figure 8. Lower half (running result of Python).
By steps 19-20 of function concat_CA, we can get a dataframe as follows (see Figure 9):

0 1 2 3 4 5 6

0 [0] (o, 11 f[o, 1, 2] (0] (0] (0] (0]
1 fo, 1] (11 [o, 1, 2] [1] [1] [1] [1]
2 f[o, 1, 21 [o, 1, 21 [0, 1, 2] [2] (2] [2] [2]
3 (o] (1] (2] (4] [3, 4, 5, 6] [4] (3, 4]
4 fo] (1] [2] (4] [3, 4, 5, 6] [4] [4]
5 (0] (1] [2] (4] [3, 4, 5, 6] [4, 5] [3, 4, 6]
6 (o] (1] (2] [3, 4] [3, 4, 5, 6] [3, 4, 6] [3, 4, 6]

Figure 9. (C, a) (running result of Python).

The program enters a while loop starting at step 25 of function concat_CA. By steps 26-30
of function concat_CA, we can get new CA1 and CA2, as follows (see Figures 10 and 11):
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0 1 2
0 (0] (o, 17 [o, 1, 2]
1 [0, 1] (1] [0, 1, 2]
2 [0, 1, 21 [o, 1, 2] [0, 1, 2]
Figure 10. New top left (running result of Python).
3 4 b} 6 7 8 9
3 [3] [3, 4] [3, 4, 5] (3] [3] (3] (3]
4 [3, 4] (4] [3, 4, 5] (4] [4] (4] [4]
5 [3, 4, 5] [3, 4, 5] [3, 4, 5] (5] [5] (5] [5]
6 (3] (4] (5] (71 6, 7, 8, 9] (7] 6, 71
7 [3] [4] (5] (71 [6, 7, 8, 9] (7] [7]
8 [3] (4] (5] (71 [6, 7, 8, 9] (7, 81 [6, 7, 9]
9 [3] (4] (5] [6, 71 [6, 7, 8 9] [6, 7, 91 [6, 7, 9]
Figure 11. New lower right (running result of Python).
If the Boolean expression in step 31 evaluates True, then the program executes recursive
function concat_CA(CA1, CA2, n) until it breaks out of the while loop. Now that CA1 = (C1, a1),
CA2 = (Cy, a2) n = 2, we get a CA-semihypergroup as follows(see Figure 12):
0 1 2 3 4 5 6 7 8 9
0 o o, 1] [0 1, 2 0] (0] o1 [0 (0] 0] (0]
1 fo, 1] (17 fo, 1, 2] (1] [1] (1] (1] (1] (1] [1]
2 [o, 1,21 [0, 1, 2] [0 1, 2] [2] [2] [2] [2] [2] (2] [2]
3 0] (1] (2] 3] 3 4] (3 4 5 3] (3] 3] (3]
4 0] (1] 21 03 4 (41 (3 4 5]  [4] [4) 147 (4]
5 [o] [1] (2] [3, 4, 5] [3 4, 5] [3 4 5] [5] [5] (5] [5]
6 (0] (1] (2] (3] (4] (61 [7] (6 7 8 9] 71 16 7
7 0] (1) 2] (3] (4] (51 7] [6 7, 8 9] (1) (7
8 [o] [1] [2] [3] [4] (5] [71 6, 7, 8 9] v, 81 [6, 7, 9]
9 0] (1] 2] (3] (4] (51 6, 7] [6, 7, 8 91 [6, 7, 91 [6 7, 9]
Figure 12. (P, m) (running result of Python).
In the same way, we can get the following CA-semihypergroups (see Tables 12—14). When
CA1 =Cq, CA2 = Cy, n = 3, we get a CA-semihypergroup of order 13 (see Table 12). When CA1 =
Cq, CA2 = Cy, n = 4, we get a CA-semihypergroup of order 16 (see Table 13). When CA1 = Cy,
CA2 = Cy, n =5, we get a CA-semihypergroup of order 19 (see Table 14).
Table 12. CA-semihypergroup of order 13.
0 1 2 3 4 5 6 7 8 9 10 11 12
0 {0} {013 {0,1,2} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0}
1 {0,1} {1} {0,1,2} {1} {1} {1} {1} {1} {1} {1} {1} {1} {1}
2 {012y {012} {012} {2} {2} {2} {2} {2} {2} {2} {2} {2} {2}
3 {0} {1} {2} {3} 34 {345} {3} {3} {3} {3} {3} {3} {3}
4 {0} {1} {2} {34} {4} {34,5) {4} {4} {4} {4} {4} {4} {4}
5 {0} {1} {2} 3451 {345} {345} {5} {5} {5} {5} {5} {5} {5}
6 {0} {1} {2} {3} {4} {5} {6} {674 {678} {6} {6} {6} {6}
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Table 12. Cont.

0 1 2 3 4 5 6 7 8 9 10 11 12
7 {0} {1 {2 {3} {4 {5} 16,7} 7} 1678 {7} {7} {7} {7}
8 {0} {1 {2} 3} {4} {5 {678} {678 {678 {8} 18} 8} {8}
9 {0} {1} {2} {3} {4} {5} {6} {7} {8} {10y~ {9,1011,12} {10}  {9,10}
10 {0} {1 {2 {3} {4) {5} {6} {7} {8} {10} {9,1011,12} {10} {10}
11 {0} {1} 2} {3} {4} {5} {6} {7} {8} {10} {9,10,11,12} {10,11} {9,10,12}
12 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9,10}  {9,10,11,12} {9,10,12} {9,10,12}
Python function concat_CA
1: def concat_CA(CA1,CA2n):
2: p=CAlshape[1] # Obtain the order of the first CA-semihypergroup
: q=CA2shape [1] # Obtain the order of the second CA-semihypergroup

3
4: dfl = pd.dataframe.from_records(CA1, columns = list(rang(p))) # top left
5: arrl = np.zeros((p,q),int)
6: listl = np.array(arrl).tolist()
70 k=-1

8: foritem in listl:

9:  k+=1

10:  foriin range(len(item)):

11: item[i] = [Kk]

12: arr2 = np.array(list1)

13: df2 = pd.dataframe.from_records(arr2, columns = list(range(p,p + q))) # top right

14: df3 = pd.concat([df1,df2], axis = 1) # upper half

15: arr3 = arr2.swpaxes(1,0) # transpose

16: df4 = pd.dataframe.from_records(arr3, list(range(p,p + q))) # lower left

17: df5 = pd.dataframe(CA2, index = list(range(p,p + q)), columns = list(range(p,p + q)))

18: df6 = pd.concat([df4,df5], axis = 1, ignore_index = True) # lower half

19: global df_lastCA

20: df_lastCA = pd.concat([df3,df6], axis = 0) # generating CA

21: CA2 =np.array(df_lastCA)

22: CAl_copy = copy.deepcopy(CA1)

23: global isgo

24: isgo = True

25: while isgo:

26: CAl=CAl_copy # new top left

27:  CA2 = chang_list(CA2)

28:  CA2_copy = copy.deepcopy(CA2)

29: df lastCA = pd.Dataframe(CA2_copy) # save the final CA-semihypergroup

30: CA2 = change2(CA2,CAl.shape [1]) # generating isomorphic CA2 (new lower right)

31: if CA2.shape [1] <int(3*n + 4): # recursive condition

32: concat_ CA(CA1,CA2,n) # recursive

33: elif CA2.shape [1] = = int(3*n + 4): # the ending condition of recursiveisgo
34: isgo = False # break out of the while loop

35: return df_lastCA # return the final CA-semihypergroup
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Table 13. CA-semihypergroup of order 16.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 {0} {0,1} {0,1,2} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0}
1 {0,1} {1} {0,1,2) {1} {1} {1} {1} {1} {1) {1} {1} {1} {1} {1} {1} {1}
2 {0,1,2} {0,1,2} {0,1,2} {2} {2} {2 {2 {2} {2 {2 {2} {2 {2} {2} {2} {2}
3 {0} {1} {2} {3} {34} {345} {3} {3} {3} {3} {3} {3} {3} {3} {3} {3}
4 {0} {1} {2} {3,4} {4} {34,5) {4} {4} {4 {4} {4} {4} {4} {4} {4} {4}
5 {0} {1} {2} {345 {345 {3,4,5} {5} {5} {5} {5} {5} {5} {5} {5} {5} {5}
6 {0} {1 {2} {3} {4} {5} {6} {6,7} {6,7,8} {6} {6} {6} {6} {6} {6} {6}
7 {0} {1} {2} {3} {4} {5} {6,7} {7} {6,7,8} {7} {7} {7} {7} {7} {7} {7}
8 {0} {1} {2} {3} {4} {5} {6,7,8} {6,7,8} {6,7,8} {8} {8} {8} {8} {8} {8} {8}
9 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9} {9,104 {9,10,11} {9} {9} {9} {9}
10 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9,10} {10} {9,10,11} {10} {10} {10} {10}
11 {0} {1) {2 {3 {4) {5} {6} {7} {8} {9,1011}  {9,10,11}  {9,10,11} {11} {11} {11} {11}
12 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {13} {12,13,14,15} {13} {12,13}
13 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {13} {12,13,14,15} {13} {13}
14 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {13} {12,13,14,15} {13,14} {12,13,15}
15 {0} {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {12,13} {12,13,14,15}  {12,13,15} {12,13,15}
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Table 14. CA-semihypergroup of order 19.
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3. Neutrosophic Extended Triplet CA-Semihypergroups (NET-CA-Semihypergroups)

Definition 4. A CA-semihypergroup (C, %) is called:

(1) an RL-NET-CA-semihypergroup, if for any u € C, there exist in C two elements v and w,
such that

UEUXxV,and vV E W x U.

We call v, w, (4, v, w) a right neutral of element u, a left opposite of element u corresponding
to v, and an RL-NET-hyper-neutrosophic-triplet.

(2)  an LR-NET-CA-semihypergroup, if for any u € C, there exist in C two elements v and w,
such that

UEVD*U,and vV € U * w.

(3) an RR-NET-CA-semihypergroup, if for any u € C, there exist in C two elements v and w,
such that

UEUXT, and U € U x W.

(4) an LL-NET-CA-semihypergroup, if for any u € C, there exist in C two elements v and w,
such that

UECv*U andv € w* U.
(56) an NET-CA-semihypergroup, if for any u € C, there exist in C two elements v and w, such that
u € WxwNuv),andv € (w* w)N(u x w).
In addition, similar to Definition 4 (1), we can give the corresponding definitions of neutral,

opposite, and hyper-neutrosophic-triplet in Definition 4 (2), (3), (4) and (5).

Definition 5. A CA-semihypergroup (C, x) is said to be

(1) an R-Regular-CA-semihypergroup, if for any a € C, there exists in C element t, such that
acax(txa).

(2)  an L-Regular-CA-semihypergroup, if for any a € C, there exists in C element s, such that
ac(@axs)xa.

(3) an S-Regular-CA-semihypergroup, if for any a € C, there exists in C element r, such that

a € ax(rxa) and a € (ax r) *a.

Remark 3. Every RR-NET-CA-semihypergroup is a CA-semihypergroup.
Remark 4. Every S-Regular-NET-CA-semihypergroup is an L-Regular-NET-CA-semihypergroup.

Example 8. Consider the binary hypergroupoid (C = {0, 1, 2}, x), whose multiplication table is
exhibited below (see Table 15).

Table 15. The binary hypergroupoid (C, ).

* 0 1 2
0 {0} {0} {1

1 {0} {0} {0}
2 {0} 0 {0,1}
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Using the Python program, we know (C, %) is a CA-semihypergroup. However, (C, %) is not
an RR-NET-CA-semihypergroup, because for each x € C, 2 ¢ (2 * x).

Proposition 1. Every RL-NET-CA-semihypergroup is an RR-NET-CA-semihypergroup; the
converse is also true.

Proof. Let (C, x) be an RL-NET-CA-semihypergroup, then for any u € C, there exist v,
w € C, such that
UEUXxT,and Vv € W * U,

hence,

ueurxvCu*x (wxu)=uxurxw)= U (uxr)
re(u * w)

that is, there exists r € u x w, such that
UECU*T.
In other words, for any u € C, there exist r, w € C, such that
UEUXT,and T € U x W.
Hence, (C, %) is an RR-NET-CA-semihypergroup.
Conversely, if (C, ) is an RR-NET-CA-semihypergroup, then for any u € C, there exist

v, w € C, such that
UECU*xD,and v € U * W,

hence,

ueu xvCu*x (uxw)=w x (uxu)=u x (wxu)= U (u*r),
re(wxu)

that is, there exists r € w % u, such that
UEUXT.
In other words, for any u € C, there exist r, w € C, such that
UEUxT,andr € w % U.
Hence, (C, %) is an RL-NET-CA-semihypergroup. [

Proposition 2. Every R-Regular-CA-semihypergroup is an RL-NET-CA-semihypergroup; the
converse is also true.

Proof. Let (C, x) be an RL-NET-CA-semihypergroup, then for any u € C, there exist v, w €
C, such that
UEUXT,and Vv E WK U,

hence,
ucuxvCux*(wxu),

that is, for any u € C, there exists w € C, such that
U € ux(w*u).

By Definition 5 (1), (C, ) is an R-Regular-CA-semihypergroup.



Mathematics 2022, 10, 535

18 of 30

On the other hand, if (C, %) is an R-Regular-CA-semihypergroup, then for any u € C,
there exists w € C, such that

u € ux(wxu)= U (uxr),
re(wxu)

that is, there exists r € w * u, such that
UEUXT.
In other words, for any u € C, there exist r, w € C, such that
UEUxT, andr € W % U.
Hence, (C, %) is an RL-NET-CA-semihypergroup. [

Proposition 3. Every LR-NET-CA-semihypergroup is an RR-NET-CA-semihypergroup, but the
converse is not true.

Proof. Suppose that (C, x) is an LR-NET-CA-semihypergroup, for any u € C, there exist v,
w € C, such that
UECUxUandv € u*w,

by cyclic associative law, we get

ucov*xu C (uxw) *x (vrxu) =u *[(urxw) xv] = (U) (uxr),
re(uxw )*v

that is, there exists r € (u x w) x v, such that
UEuUxr.
Furthermore, by Equation (10), we have
re (uxw) xvC (u*xw) x (urw) =w *[(urw) xul =u *[w* (uxw)|] =

U  (uxt),

tew(uxw)
that is, there exists t € w % (4 x w), such that
reuxt.
In other words, for any u € C, there exist r, t € C, such that
UECuxr,andr € uxt.
Hence, (C, %) is an RR-NET-CA-semihypergroup. [

Example 9. Consider the binary hypergroupoid (C = {0, 1, 2}, x), whose multiplication table is
exhibited below (see Table 16).

Table 16. The binary hypergroupoid (C, ).

* 0 1 2
0 {0} {0} {0}
1 {0} {0,1,2} {1)
2 {0} {0,1,2} {0,1}
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Using the Python program, we know that (C, x) is an RR-NET-CA-semihypergroup, and
0€(0*0),0c(0*0);0c(0x0),0c(0x1);

0€(0%0),0e(0x2);1e(1x1),1ed*1);
le@x1),1€(1*2);1e(1x2),2€1x1);
2e2x1),1€@x1);2€@%1),1€(2%2).

Hence, (0,0, 0), (0,0,1),00,0,2)(1,1,1),(1, 1, 2)(1,2,1),(2,1,1),(2,1,2) are all RR-NET-hyper-
neutrosophic-triplets. Moreover, (C, ) is an RR-NET-CA-semihypergroup. However, for any x €
C, 2 & (x x 2). This implies (C, ) is not an LR-NET-CA-semihypergroup.

Proposition 4. Let (C, ) be a CA-semihypergroup, then (C, ) is an LR-NET-CA-semihypergroup,
if and only if, (C, %) is an L-Regular-CA-semihypergroup.

Proof. By a method similar to Proposition 2, we can prove Proposition 4. [

Proposition 5. Every LL-NET-CA-semihypergroup is an LR-NET-CA-semihypergroup, but the
converse is not true.

Proof. Suppose that (C, x) is an LL-NET-CA-semihypergroup, for any u € C, there exist v,
w € C, such that
UED*U,and vV € W * U,

thus,
veEwxuC wx (vxu)=ux(wxv)= U (uxr),

rewxv
that is, there exists r € w * v, such that
VEUKT.
In other words, for any u € C, there exist v, r € C, such that
UECUxUand v E U *T.

Hence, (C, %) is an LR-NET-CA-semihypergroup. [

Example 10. Consider the binary hypergroupoid (C = {0, 1, 2}, ), whose multiplication table is
exhibited below (see Table 17).

Table 17. The binary hypergroupoid (C, ).

* 0 1 2
0 {1} {0,1,2} {1
1 {1} {0,1,2} {1
2 {0,1} {0,1,2} {1, 2}

Using the Python program, we know that (C, x) is a CA-semihypergroup, and
0€(2%0),2€(0*x1);1€(0x1),0c (=1

1e(lx1),1e@%x0;1edx1),1e(x1);
1le(1*1),1e(1*x2);1e@2x1),2e(1x1);
2€(2%2),2€2%1);2€(2%2),2€ (2%2).
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Hence, (0,2,1),(1,0,1),(1,1,0)(1,1,1),(1, 1, 2), (1,2,1), (2,2,1), (2,2,2) are all LR-NET-hyper-
neutrosophic- triplets. Moreover, (C, x) is an LR-NET-CA-semihypergroup. However, 0 & (0 % 0),
0 & (1 % 0), and when 0 € (2 % 0), there is not x in C, such that 2 € (x % 0). It implies (C, ) is not
an LL-NET-CA-semihypergroup.

Example 11. Consider the binary hypergroupoid (C = {0, 1, 2}, ), whose multiplication table is
exhibited below (see Table 18).

Table 18. The binary hypergroupoid (C, ).

* 0 1 2

0 {0} {1,2} {0,1,2}
1 {0,1,2} {2} {0,1,2}
2 {0,1,2} {2} {0,1,2}

Using the Python program, we know that (C, x) is a CA-semihypergroup, and
0€0x(0%0),0e(0x0)*0;

1€1x(0%x1),1e@*x0)*1;
2€2x(0%2),2€ (2%0)x2;

hence, (C, %) is an S-Regular-CA-semihypergroup. Furthermore, we know that (C, %) is not an
LL-NET-CA-semihypergroup. Because, 1 ¢ (1 x1),1 ¢ (2 % 1), and when 1 € (0 x 1), there is not
x in C, such that 0 € (x x 1).

Proposition 6. Each NET-CA-semihypergroup is an LL-NET-CA-semihypergroup.

Proof. Assume that (C, x) is a NET-CA-semihypergroup. Then, for any u € C, there exist v,
w € C, such that
u € * u)N(u xv), and v E(w x u)N(u x w).

Hence,
UEDXU and v € W * U.

Thus, (C, %) is an LL-NET-CA-semihypergroup. U
Proposition 7. Each NET-CA-semihypergroup is an S-Regular-CA-semihypergroup.

Proof. Let (C x) be a NET-CA-semihypergroup. By Definition 4 (5), there exist v, w € C,
such that
u € (xu)N(u*v),and v € (w * u)N(u * w);

for any u € C. Hence,
UEUXT,and vV E W U

UEVD*U,and vV € U * W

that is,
ueux(wxu),uc(uxw)xu,

hence, (C, ) is an S-Regular-NET-CA-semihypergroup. [

Figure 13 shows the relationships among various Net-CA-semihypergroups discussed
in this section.
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CA-semihypergroups CA-semihypergroups

RL-NET-CA-semihypergroups  R-Regular-CA-semihypergroups RR-NET-CA-semihypergroups

LR-NET-CA-semihypergroups

LL-NET-CA-

NEFCA- semilypergroups

S-Regular- semihypergroups
CA-semihypergroups

L-Regular-CA-semihypergroups

Figure 13. The relationships among various Net-CA-semihypergroups.

4. Strong Pure Neutrosophic Extended Triplet CA-Semihypergroups
(SP-NET-CA-Semihypergroups)

Definition 6. A CA-semihypergroup (C, x) is called:
(1)  PRL-NET-CA-semihypergroup, if for any uc C, there exist ve C and weC, such that

U=Uu+*vandv=w* U.

Furthermore, we call v, w, and (u, v, w) a right neutral of element u, a left opposite of element
u corresponding to v, and a PRL-NET-hyper-neutrosophic-triplet. The notation { ) represents
the set of all right neutrals of element u. The notation { }j,(,,), represents the set of all left opposites
of element u corresponding to a certain v, where v is a right neutral of element u.

(2)  PLR-NET-CA-semihypergroup, if for any u € C, there exist v € C and w € C, such that
U=vxU,and v =u *w,

(3) PRR-NET-CA-semihypergroup, if for any u € C, there exist v € C and w € C, such that
U=U*DV,and v =1U* W,

(4) PLL-NET-CA-semihypergroup, if for any u € C, there exist v € C and w € C, such that
U=VxU,and v =w % U,

(6)  P-NET-CA-semihypergroup, if for any u € C, there exist v € C and w € C, such that

u=(©*xu)(uxv),andv=w*u)N(u*w),
(6) SP-NET-CA-semihypergroup, if for any u € C, there exist v € C and w € C, such that
U=VXxU=UX0,ANd V=W % U = U * W.

In addition, similar to Definition 6 (1), we can give the corresponding definitions of neutral,
opposite, hyper-neutrosophic-triplet, the set of all neutrals of an element and the set of all opposites
of the element corresponding to a certain neutral in Definition 6 (2), (3), (4), (5), (6).

Remark 5. Every SP-NET-CA-semihypergroup is a P-NET-CA-semihypergroup. Every P-NET-
CA-semihypergroup is an NET-CA-semihypergroup.

Remark 6. Every SP-NET-CA-semihypergroup must be a PRL-NET-CA-semihypergroup, a PLR-
NET-CA-semihypergroup, a PRR-NET-CA-semihypergroup, and a PLL-NET-CA-semihypergroup.
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Theorem 3. Let (C, x) be a PRL-NET-CA-semihypergroup, then for any u € C,
(1) if (u, v, w)is a PRL-NET-hyper-neutrosophic-triplet, then

VKV =0,
and v is unique.

(2)  (C, ) is a PLR-NET-CA-semihypergroup.

Proof. (1) Let (C, x) be a PRL-NET-CA-semihypergroup. Thus, there exist v € { },;,(,,), and w
€ { haqu,, such that
u=uxv,andv=w *u,

for any ue C. Hence,
V=W U

=w *x (u * v) Using cyclic associative law
=vx(wxu)Byv=wxu
=V *x0.

This shows that v is idempotent. On the other hand, by u = u x v, we have
v u =0 % (u x v) Using cyclic associative law

= v % (v x u) Using cyclic associative law
=ux@*v)Byv=vxv
=uxv=uByu=uxuv

That is, if (C, x) is a PRL-NET-CA-semihypergroup, then for any u € C, there exist v € C,
and w € C, such that
U=UXV=0* U, and v =w % U.

To show that v is unique, suppose that there exist two elements g € { /), and t € { },0) o
such that
u=uxgqandq=txu,

then
u=uxqg=qxu,andq="1txu.

By g =t x u, we have
v % g =0 % (t x u) Using cyclic associative law
=u * (v % t) Using cyclic associative law
=txuxv)Byu=uxv
=txu=qByqg=txu.
Both sides of v = w x u multiply by g,
g * v =q * (w % u) Using cyclic associative law
=u * (g * w) Using cyclic associative law
=wxWU*xq)Byu=uxgq

=wxu=vByv=wxu
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By v=0v 0, we get
g% v =q * (v* v) Using cyclic associative law
= v % (g * v) Using cyclic associative law
=vx(Vxq)Byvxqg=gqg
=V %q.

Hence v =g x v =0 % g = g, we have proven Theorem 3 (1).
(2) Let (4, v, w) be an RL-NET-hyper-neutrosophic-triplet of (C, x). According to the
proof of (1), there exist v, and w, such that

U=U*xV=0UxU,and v=w % U.

Then, we have
v=wxU...... Byu=vxu
=w * (v % u) Using cyclic associative law

=ux(wxv) = TELIJU*U(u*r).

Obviously, u x r is a nonempty set, and v is unique. Hence for each r € w % v, equation u x r
= holds. That is, for any u € C, there exist v € { fj(,), and 7 € { }51),, such that

U=vxu,andv=uxr.

It implies that (u, v, r) is a PLR-NET-hyper-neutrosophic-triplet of (C, x). Hence (C, %) is a
PLR-NET-CA-semihypergroup. [

Theorem 4. Every PLR-NET-CA-semihypergroup is an SP-NET-CA-semihypergroup.

Proof. Let (C, x) be a PLR-NET-CA-semihypergroup. Then for any u € C, there exist
(S { }l}’l(ll)l and w e { }ra(u)v/ SUCh that

Uu=vxu,and uxw=10.
By v = u x w, we have
v x v =0 % (u* w) Using cyclic associative law
=wx@Oxu)Byu=v*u
=W * U

Both sides of u x w = v multiply by u, we get

uxv=uxWU*w)............... Using cyclic associative law
=wx(xu)... ... ... ... ... Using cyclic associative law
=uxWx*u)............... Byvxv=wxu
=ux(@©*0v)............... Using cyclic associative law
=vx(WU*v)............... Using cyclic associative law

=vx@Oxu)=vxu=u... Byvxu=u.
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That is, if (C, x) is a PLR-NET-CA-semihypergroup, then for any u € C, there exist v € C,
and w € C, such that
U=U*xV=0VxU,and u *w=0.

Hence, for this v, there exist x € { }jyw), ¥ € { }raw),, such that
V=xx0=0%X,and v x Yy = X.
Both sides of u x w = v multiply by x, we have
X*(U*w)=x*0V=0.
Furthermore, we get
x % (U * w) =w * (x x u), Using cyclic associative law.
Thus w x (x x #) = v. On the other hand,
U=Uuxvbyx*v=0

=uUx(X*0) ... ... ... Using cyclic associative law
=0x(U*X) ..l Using cyclic associative law
=x*x@*xu)=x*u Byvxu=u

Hence
wrxu=wxxxu)=v.Byu=x*u,w*(x*u)=0.

It implies that for any u € C, there exist v, w € C, such that
U=UXU=UXV,U*xW=W*U=0.

In other words, (C, ) is an SP-NET-CA-semihypergroup. [

Theorem 5. Every PRR-NET-CA-semihypergroup is a PLR-NET-CA-semihypergroup.

Proof. Suppose that (C, ) is a PRR-NET-CA-semihypergroup. Thus, there exist v € { },,),
w € { }a(u),, such that
U=uxv,andu~w=ov

for any u € C. Hence, for this v, there exist x € { },,0), ¥ € { }1a0),, such that
v=0xXx,and v x Y = X.

Both sides of v x x = v multiply by u,
ux@xx)=uxv=u.

Furthermore, we have
Uux(@*xx)=xx(U*x0v)=xx*U.

Thus x x # = u. On the other hand,
VX U=UVKk (XA U)=UX(V*X)=U*V=U
That is, for any u € C, there exist v, w € C, such that
U=vxu,and uxw =10.

Thus, (C, x) is a PLR-NET-CA-semihypergroup. [
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Theorem 6. Every PLL-NET-CA-semihypergroup is a PRL-NET-CA-semihypergroup.

Proof. Let (C, x) be a PLL-NET-CA-semihypergroup. Then for any u € C, there exist v € { }j,,(,,),
w € { }auy,, such that
U=vxu,and wu=10.

Furthermore, we have
u=vxu=v*xOxu)=ux@*x0v)=0*(U*x0).
By u=vx%(uxv),and wx u =v, we get
u* v =(v*(u*v))* (w*u) Using Equation (11)

= (u x v) x (w * (u x v)) Using cyclic associative law

=(uxv)*x(@x(wxu)Byw*u=0v

=Uuxv)*(O*x0V)... ... Using Equation (8)
=@*xu)*(©V*x0)... ... Byovxu=u
=ux(©*v)............ Using cyclic associative law
=oxUxV)=U... ... ... Using u = v % (u x v).

That is, for any u € C, there exist v, w € C, such that
U=U*V,and w*u="7.
Thus, (C, %) is a PRL-NET-CA-semihypergroup. [
In fact, we have proven the following theorem.
Theorem 7. Definition 6 (1), (2), (3), (4), (6) are equivalent.

Proof. see Figure 14. [

2
PRL-NET-CA-semihypergroup I (_)v | PLR-NET-CA-semihypergroup |

w) (1)/
(5)| |5P NET-CA-semihypergroup | (3) I(4)

(1)
PLL-NET-CA-semihypergroup | | PRR-NET-( A-semzhypergmup |

Figure 14. How we proved Theorem 7: Where (1) = Remark 6; (2) = Theorem 3; (3) = Theorem 4;
(4) = Theorem 5; (5) = Theorem 6.

Finally, we discuss the properties of SP-NET-CA-semihypergroup.
Proposition 8. Suppose (C, ) is an SP-NET-CA-semihypergroup,
(1) if (u, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then
v* v =0, and v is unique;

(2) if (u, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then (v, v, v) is an SP-NET-CA-
hyper-neutrosophic-triplet;
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(3)  if (u, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then for any t € v w, (u, v, ) is an

SP-NET-CA-hyper-neutrosophic-triplet;
(4) if (u, v, w), (v, v, r) are two SP-NET-CA-hyper-neutrosophic-triplets, then

foranyt erxw, (u,v,t)
is an SP-NET-CA-hyper-neutrosophic-triplet;
(6)  if(u, v, w), (1,5, t) are two SP-NET-CA-hyper-neutrosophic-triplets, then
VkS=S%*T;

(6) if (u, v, w), (1, s, t) are two SP-NET-CA-hyper-neutrosophic-triplets, and lu x rl= v %

sl =1, then

foranyg €t xw, (U x1,v%*s,q)
is an SP-NET-CA-hyper-neutrosophic-triplet;
(7)  if (u, v, w), (r, v, t) are two SP-NET-CA-hyper-neutrosophic-triplets, and 1u % r| =1, then
foranygetxw, (u*r,v,q)
is an SP-NET-CA-hyper-neutrosophic-triplet;
(8) if (u, v, w), (w, s, t) are two SP-NET-CA-hyper-neutrosophic-triplets, then
V=s*0V=0%S,and

(v, v, s) is an SP-NET-CA-hyper-neutrosophic-triplet.

Proof. (1) Let (1, v, w) be an SP-NET-CA-hyper-neutrosophic-triplet, then (1, v, w) is a
PRL-NET-CA-hyper-neutrosophic-triplet. By Theorem 3 (1), we have

VXUV =0,

and v is unique.

(2) By Proposition 8 (1), if v is neutral of element u, then v x v = v x v = v. It implies
that v is neutral of element v, and v € { },4i(),. Thus, (v, v, v) is an SP-NET-CA-hyper-
neutrosophic-triplet.

(3) Suppose that (1, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then

U=UKXTVD=VD*U,TV=UXTW=TW*U.

In addition,
U (uxt)=ux(vxw)=wx(uxv) =w*u=0.
tevxw

Obviously, u * t is a nonempty set, and there is only one element in t U (uxt). Thus, for
EUxW

any t € v x w, u x t =v. Thatis, (u, v, t) is a PRR-NET-CA-hyper-neutrosophic-triplet, so (u,
v, t) is an SP-NET-CA-hyper-neutrosophic-triplet.
(4) Suppose that (1, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then for any
u€ecC,
U=VXU=UXV,V=UXTW=W* U

(v, v, ) is an SP-NET-CA-hyper-neutrosophic-triplet, we have
VXV=UVXV=0,0=T*0V=0%T.
In addition,

U (uxt)=ux(r«w)=wx(uxr)=rx(wxu) =rxv=no.
terkw
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Obviously, u * t is a nonempty set, and there is only one element v in , U (uxt). Thus, for
Erxw

any t € r xw, u x t = v. That s, (i, v, t) is a PRR-NET-CA-hyper-neutrosophic-triplet, so
(u, v, t) is an SP-NET-CA-hyper-neutrosophic-triplet.
(5) Since (u, v, w), (r, s, t) are SP-NET-CA-hyper-neutrosophic-triplets, then

VXV=0,S*xS=5.
For this s, there is n € C, which is neutral of s, such that
S=N*S=S*xN,N*N=N.
Furthermore, we get
v x5 =(v*0) % [(n *x5s) * (s x n)] Using Equation (9)

= (s x v) x [(n % v) % (s x n)] Using Equation (8)
=@ v)x[(n*xn)x(sxv)]Bynxn=mn

= (s x v) x [ % (s x v)] Using cyclic associative law
=(s*xv)x[vox(n*xs)|Bynxs=s

= (s % v) x (v x 5) Using Equation (8)
=(sxs)x(Vxv)=5s*xVBysxs=s50xv=0.

(6) Since (u, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then
U=UXV=0V*UV=U*xW=T %I
(7, s, t) is an SP-NET-CA-hyper-neutrosophic-triplet, we have
rT=Sxr=r%s,s=rxt=t*r.
By Proposition 8 (5), we get
(u x 1) % (U *5) = (ux 1) x (s x v) Using Equation (8)

=(@xu)x(s*xr)Byu=ovxur=sxr
=Uxt.

On the other hand,

qeLtJ*w((u*r)*q) = (u*xr)x(txw) = (w*u)* (Exr) =v*s,

|u*r|=lvxs|=1.

That is, for any g € t x w, (u * ) x g is a nonempty set, and there is only one element v x s in

Y ((uxr)q). It implies that for any g € t x w, (u * ) x § = v * 5. So far, we have proven
q etxw

that there exist v x s, and g € t x w, such that
(uxr)x(@*s)=uxr,and (U*1)*x =0 x*s.
Thus, (u * 1, v x 5, q) is a PRR-NET-CA-hyper-neutrosophic-triplet. Moreover, (1 * r,
v x5, q) is an SP-NET-CA-hyper-neutrosophic-triplet.

(7) Let v = s in Proposition 8 (6), we can get the conclusion.
(8) Since (u, v, w) is an SP-NET-CA-hyper-neutrosophic-triplet, then

U=UXTV=VDXUTV=UXW=TW % U.
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Since (w, s, t) is an SP-NET-CA-hyper-neutrosophic-triplet, we have
W=W*5=5*%W.
By Proposition 8 (5), we have
vxs=sxvByv=wxu

=5 % (w % u) Using cyclic associative law
=ux(sxw)Byw=sxw
=U*W=0.

On the other hand, by Proposition 8 (1), we have
v*v=0v*v="0.
That is, for this v, there exist v, s, such that
v*uo=v*v=0,
VXS=5*xV=0.

Thus, (v, v, 5) is an SP-NET-CA-hyper-neutrosophic-triplet. [

5. Conclusions

The concepts of various CA-semihypergroups are introduced for the first time in this
paper. By comparing with other algebraic structures, we found that CA-semihypergroup,
which is different from Semihypergroup and AG-semihypergroup, is a special kind of
nonassociative algebra. However, if the commutative law is satisfied, these three kinds of
algebraic structures are all commutative semihypergroups. We also found that R-Regular-
CA-semihypergroup and L-Regular-CA-semihypergroup are two different algebraic struc-
tures, because association law does not hold. This is different from semihypergroups.
For semihypergroups, R-Regular and L-Regular are equivalent. Through studying the
relationships and characteristic of various CA-semihypergroups, we discovered that one
kind of CA-semihypergroups, SP-NET-CA-semihypergroups, has very good symmetry and
can be defined by relatively weak conditions. Most importantly, we designed a recursive
algorithm to construct high-order asymmetric CA-semihypergroups and implemented it
with a Python program. The main results of this paper are listed below:

(1) Let (Cy, a1), (Cg, a2) be two CA-semihypergroups, and (C =C; U Cp (C; N Cp =
®), a) satisfy the conditions in Theorem 1 Then (C, a) is a CA-semihypergroup
(see Theorem 1).

(2) Let(Cq, a1) be a commutative CA-semihypergroup, (Cy, ap) be a CA-semihypergroup,
(C=C1 UG, (C1 NCy = D), a) satisfy the conditions in Theorem 2. Then (C, a) is a
CA-semihypergroup (see Theorem 2, Example 7, and Python function concat_CA)

(3) RL-NET-CA-semihypergroups, RR-NET-CA-semihypergroups and R-Regular-CA-
semihypergroups are three fully equivalent algebraic structures (see Proposition 1
and Proposition 2)

(4) LR-NET-CA-semihypergroups and L-Regular-CA-semihypergroups are two fully
equivalent algebraic structures (see Proposition 4).

(5) Every PRL-NET-CA-semihypergroup is a PLR-NET-CA-semihypergroup (see Theorem 3).

(6) Every PLR-NET-CA-semihypergroup is an SP-NET-CA-semihypergroup (see Theorem 4).

(7)  Every PRR-NET-CA-semihypergroup is a PLR-NET-CA-semihypergroup (see Theorem 5).

(8) Every PLL-NET-CA-semihypergroup is a PRL-NET-CA-semihypergroup (see Theorem 6).

(9) Therelations among various P-NET-CA-semihypergroups (see Theorem 7 and Figure 15).
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Figure 15. The relations among various P-NET-CA-semihypergroups.

Based on the research in this paper, we will also focus on the research of nonasso-
ciative algebra, such as hyperideals of CA-semihypergroups, CA-semihypergroup homo-
morphisms, simple CA-semihypergroups, ordered CA-semihypergroups, and so on in
the future.
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