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Abstract

Today, in the study of algebra structures, we notice the new concept of superhyper algebras. In this article, we

introduce and study strong ({’, ?)—superhyper EQ algebra. Also, we will examine the specific features of strong

(1‘,’, ?) -superhyper EQ algebra. The article aims to extend EQ algebras to super hyper EQ algebras using the q*"-

power set of a set.

Keywords: EQ Algebra; Strong ({’, ?)—superhyper EQ Algebra; ({’, ?)—superhyper Operation.

1 | Introduction

Logical algebra is an interdisciplinary algebraic structure that is applicable in vatious sciences. In logical
algebra, each set is uniquely defined by properties and algebraic principles and obeys a certain law. Considering
the importance of the theory of logical algebras, many researchers investigate its characteristics and
importance. Logical algebraic hyperstructures are more useful in the real world by covering the deficiencies
of logical algebra, especially when dealing with relationships between sets of objects. For the first time, an
interesting and important logical algebra denominated EQ algebra was Raised by Novak and De Baets in 2009
[12]. EQ algebras have three main binary operations and one top element which is assumed to be a
commutative and associative multiplication. The logical background of EQ algebras is different from other
logical algebras. Since the generalization of the residuated lattices are EQ algebras, therefore EQ algebras are
interesting and important algebraic structures. Since residuated lattices generalizations are EQ algebras, EQ

algebras ate attractive and important algebraic structutes [1-24]. We can read more about EQ algebras in
[1,2,8,10-12].

The first time, Florentin Smarandache offered the concept of SuperHyperAlgebras as a generalization of
Hyper Algebras, which, contrary to the limitation of Hyper Algebras, SuperHyperAlgebras is more applicable
in the real world [16-20]. Recently, Rahmati and Hamidi introduced superhyper G -algebras as a generalization
of G-algebras [14], also, Hamidi et al. introduced and investigated new concepts of supethyper algebras [4-6].

This paper is dedicated to the introduction and study of strong ({’, ?)—superhyper EQ algebras as a

generalization and extension of EQ algebra. Also, some propetties of strong (f, ?)—superhyper EQ algebras
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have been investigated. Our intention in presenting this article is to offer a strong (f, q")—superhyper EQ

algebras as an extension of logic algebras.
2 | Preliminaries

In this part, let’s remind the preliminary notions.

Definition 1. [1] Suppose X be a non-absurd collection. Then a (X ,ﬂ,@,%, 1) where ﬂ,@,%\ are binary
operations, EQ algebra is called if for all A, 1,b, 4 € X:

(EQ-1) (X,A, 1) is a A-semilattice which contains the element above 1. We put & < 1 if and only if

A (k) = h,

(EQ-2) (X R, 1) is 2 commutative monoid and & is isotone,

(EQ3) A% h =1,

(EQ-4) R (R, %b) ® (1% h) < (b%A (4,1)),

(EQ5) (hR) Q@ LR < (AEL) R RY),

(EQ-6) A (h,1,b) ¥ h <A (h,1) R A,

(EQ-NDh®1<h¥L

The action “ @ ” is named multiplication, and “ ¥ ” is named fuzzy equality.

Definition 2. [17, 20] Suppose Y be a non-absurd collection. Then (Y, O(r,5) 1) is named a (7, s)-super
hyperalgebra, where 8y sy: Y™ = P (Y) is called an (7, 5)-super hyper operation, P’ (Y) is the s th powerset
of the collection Y, which does not include @, each B € P’(Y), we know {B} by B,
r>2s>0Y "=Y xY x..xY

r-reps .Ifs =0, then P2(Y) =Y.

3 | Superhyper EQ Algebra

In this part, we construct the notion of strong superhyper EQ algebras as generalizations of EQ algebras and

present its specific features.

Definition 3. Presume Y be a non-absurd collection and 1 € Y. Then (Y,7\\,©\, 6(&@)' 1) is named a strong
(f, ?)—superhyper EQ algebra, if for each ,1, 5, /€ Y:

e (Y,A 1) is a A-semilattice which contains the element above 1. We put & < viff A (h, 1) = h,

. (Y,O, 1) is a commutative monoid and ( is isotone,

[ ] 1 € 6({'m(h; h; ...,h),

o O 0um @D, .. A1), 8,000 (44 .. 41)) <
6({7’@)(5, A, ey ﬁ,ﬂ (7, I.)),

NG) (6({_@(& By oo 1, 1), 8c05m) (b by s b, 4)) <
3t (Oceam (T ooy 1, B), e, Oy (s Ty oy 1y B), D0y (11, 1, ) )

O A (R ), A (B 1 6),R) < o &?)(K (B, 1), ... A (B, 1), B)

e OV <dyzn(hh, ..., 1.
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Example 4. (i) Assume (Y,A,0, degiy 1) be a strong (f, ?)—superhyper EQ algebra. Then
(Y:K:/@:a(z,o)' 1) is an EQ algebra. (ii) Assume (Y,ﬂ,@,(’)(&@), 1) be a strong ({’,?)—superhyper EQ
algebra. Then (Y,ﬂ,@, 0(2,1) 1) is a hyper EQ algebra.

Theorem 5. Assume (Y,ﬂ,@, (’)(,g,@), 1) be a strong (f, ?)—superhyper EQ algebra. Then (Y,ﬂ,@, a(p_k), 1)
is a strong (p, k)-superhyper EQ algebra, for each k > q.

Proof. Assume (Y,ﬂ,@, d(em)» 1) be a strong (f, ?)—superhyper EQ algebra and k = q. Because pe (V) c
Pk(Y), for each hy, Ry, ..., by € X, 6(47,@ (fll, hy, ..., pr) c 6(p,k)(ﬁ1, hy, ..., hp). Therefore 1€

6([1@)(ﬁ1, hy, .., ﬁp) itmeans 1 € 6(,,,,()(?11, hy, e, ﬁp). Therefore, all axioms are correct.

The coming precept is a result of other axioms of strong (f . ?)—superhyper EQ algebra:

dean (A (B0, . A (1,0, 1) < Bpam (A (B, 8), ... R (B, 1, 6),A (R, £)).

Definition 6. Assume Y be a strong (i’, ?)—superhyper EQ algebra. We also for i,1 EY,set h & 4.+ &
th & 1= Bpgm A (B, 1), ..., A (R1),h), A" = 0(egim) (M, ..., i, 1). Therefore, we can rewrite (E Qgp-6) and
(1) as ho-OhAQbLH)<ho S hol, ho--ho1<A(hb) o ON(hb) o,

respectively. If Y also contains a bottom element 0 therefore, we can define the following unary operation =

onY with =h:= 6({)_@) (A, 1, ..., 7, 0) and call =h a negation of A €Y.

Theorem 7. Presume (Y,ﬂ,@,a(g,@), 1) be a strong (f, ?)—superhyper EQ algebra. Then, the coming
features are available for every h,1, 6 € Y:
o O (0an (e 1), 00gm (11 o1, ) < Doy (b by s b, 1),
U 6(3’@) (hn,.., 4 < 6(&@) (//( (40, ...A (40),A (B, l)),
o O(0uam .. D, 00zm R (R1), .. R (R,1),5) <
6({;,@)(/7, by e, 5,7‘ (“7, l)),
*  Ougm (A (h,0), ..., A (R, h) < O(em) (ﬂ (h, 6), ...A (R, 5N (A (R0, A))

Proof. By (EQgp-4), we have

O (B¢eam (o e 1), By (1, 1 8))
=0 (0an (1, - 1, 8,0z (R 1y . 1) )

=0 (3¢ R (b 1), - A (L 1), 8), a5 (R By, 1, 1)) < Dpmy (b by o A (B, 1))
= 6({[@)(/7, 5, sy 5, fl)

By (EQsp-4), we get
deeam (M1, oo, B, 8)
=0 (1. 0¢zn (A1, ., 1, 9))
<O Oean (A (41, - A (50), 0z (b, s, B) <
dceam (A (40, . A (40,4 (1,1)).
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According to (i), (ii) and (EQsp-2), we have

[0} (a(m)(h, By oo B ), 35 R (1), 0 A (R, ), A))
<0 (a(m) (R (4D, .. A (GOA (D), dam R (1), .. A (1), A))
< 3cam (b by s LA (4D)).
By (EQsn-3), (EQsn-4), we have
deam (A (R,1), .. A (R,1), )
<O Buan (ﬂ (R 8), o R (B, ), 3 R (1), . A (B0, h))
< 3am (A (1, 8), .. R (B, )R (R (R,1), ).

Definition 8. Assume Y be a strong (i’, ?)—superhyper EQ algebra. Then Y is named
* semi-separated if for every A € Y, d¢pgm (A, R, ..., h,1) =1 = h = 1. ¢ separated if for every h,1 €Y,
dcegm (M, R, ..., iy)) =1 = h = 1. ¢ spanned If 0 is the bottom element of ¥ and 8¢p5m (0,0, ...,0) = 0.
good if for every i € Y, dpgm (B K, ..., B, 1) = h. * residuated if for every h,1, €Y, R (O (R,1), 4) =
O () &R (1,00zn R (1,6, . AW 8),1)) =h.+ idempotent it satisfies O (o h,..,h) =1. *
involutive (strong ({’, ?)—superhyper [EQ-algebra) if for every h € Y, =—h = h. ¢+ a lattice-strong (1?, ?)—
supet hyper EQ algebra (a strong (f, ?)—superhyper LEQ algebra) if it is a lattice-ordered strong (l’, ?)—
super hyper EQ algebra where in the coming precept holds for each h,1, 5, /€Y, [0) (6({;_@) v(,..v

(1,1), 8),0em (4 4 s 41)) < Oezm (V (A1), ., (V (50), ).
Theorem 9. All strong (‘F, ?)—super hyper EQ-algebras have the coming properties for each i, 1,56 € Y:

e DM <A < Aiand © (L h) <A (h1) < A1,
e h=1 implies 1€ 6(&@) (h, h, .., h, b),
o 1<Uf

>

e dpsm(h .. R)<ho - -Shoiandl€EhS - Sh

>

e Presume A < 1. Then,

lEho -5 ho,

6([[@)(h,h, o) =16 -5 16 h,

<1,

b o b h<bho 5 b tand1 S 919 IShS - SRS b

Proof. According to the propetties of isotonic and monoid O,h<handi1<1,50 O (A1) <O (B, 1) =
h.Alsoh <land1 <150 (h1) <O (1,1) = i Therefore O (1) <A (A, 1). Other A (h,1) < h and
A1) <1SoO (B <A(h1) < AL

If h =1, then d¢pqm (R, A, ..., B, b) = Bpgimy (M, A, ..., B). According to (EQgp-3), the sentence is proved.
According to the (EQsp-3),1 =0 (1,1) < Oy .y, 1) =17
By Theorem 7(1),

3oz (oo, 1, 1) < Do (R (LA, ..., A (LRA)A (R, 1))
=0 (A (Y, . A(R),R) =hS S hoL
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As well as

ho o h=0u,mmA(Hh),..A R R,
= 3¢ (R, ..., ).
Since 1 € 8¢pgm(H, ..., R),1ER S - & h.
Suppose i < 1, then A (h,1) = hand
ho o hot

= 8o (A (M, 1), .. A (B, 1), h) = B(pgm (M, i, ..., ),
1€ 6(&@)(?1, ..., h),

Therefore 1 € A & -+ © A © 1. Also
1O 15h
= 6@’@)(7\\ (fl, l), ,ﬂ (h, l), b)
= 6({7'ﬁ)(h, h, ey h, b)

Considering (EQgsp-6),

r* = dam (A Ry B, 1)

= 0¢pem (A (R, 1), ..,A (h,1),1)

= duan (A (LA, .. A (L R),1)
=3¢ @A (LLR), ., AL, Lh),1)
< dean(R (1,0, ... A (1,1),1)
=0 (LL ., 1) =1

By (EQsn-6),
b O bO R
= d0am (A (4,1), ... A (41), 5)
= 3005 (R (b 1,1), . R (b 1,1), 8) < Bpam R (5,1), . R(61), ) = b5 & b1,

By Theorem 7(iv),

1O 916 )
= B¢pam (A (4,1), ....A (5,1),1)
< d¢am) (ﬂ (b, h),...A (b1, Rh)A(, h))
= 8¢p5m (A (5,1, ...,A (b,h), h)
=ho - S hoh
Lemma 10. Assume i < 1 < 4. Then 8pgi) (4, b, ..., 5,1) < O(pgm) (b, b, .y b, h) and (g gy (R 1, ... B, B) <
dcozm (B B oo, 1)

Proof. By 'Theorem 9(¢), assume h <1 then 19919, hS--ShS)h hence
6(&@)(5, by, b1) < a(g,@)(b, by..,byh). Aswell as assume L < bthen 4O -+ S hOSA<1O6 -6 16
h, therefore 0(pgim) (M, R, ..., t, b) < B(pqm (B 1, ..., B, 1),

Theorem 11. All strong (3, ?)-super hyper EQ-algebras have the following properties:

° 6 (6({’,@(}3, n, .., h, l), 6(&@)(5, by b, ﬁ)) <
deam (R (1 5), .. R (h, B.A @, H),
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o dean(h . h B <
6(%’,@)(6({,5) (ﬂ (7, l), ,ﬂ (17, l), A), . 6(&@(7? (“7, l), ;ﬂ (4 l); A);
6({;]@) (ﬂ (h, l), ,ﬂ (h; l): A)),

o dygn(hh, .. ko<

3ceam (Oceam (h 4 s 4,8), e, Oeqm (h 4, 4,8), 090 (B Py 1, ),
o dygm(Mh, .. k4 <

dpan(@o o158, 515 46,05 515 h)),

e ho - OGhG <
(o 16n) 515 15R) W5 516 h)
Proof. By Theorem 7 (i), g h, ..,,0) < 8uam(AR W 6), .., AL 6)A (R, 4) and
6({),@)(/:, 5/7, ey 5/7, 4) < 6(&@) (7\\ (l, “7), ,7\\ (l, /7),//‘ (l, A))
Therefore, according to the characteristics of 6 and Theorem 7 (a), we get
6 (6({)'ﬁ) (h, h, ey h, l), 6({)'ﬁ)(/7, /7, ey /7, 4))
S@ (a({’,ﬁ) (//‘ (l; A); ;//‘ (l; A);//‘ (h: b))! a(f,ﬁ) (7\\ (l: 7): :K (ll 4)17\\ (ll A)))

:6 (a({’,ﬁ) (//‘ (l; 17); ;//‘ (l' ﬁ)j\\ (l: b))! a(f,ﬁ) (7\\ (l: b): :7\\ (ll 5)17\\ (hl A)))
< 6({7'ﬁ)(7\\ (h, A), ,//‘ (h, A),ﬂ (l, /7))

By Theorem 7 (b) and (EQgy-5), we conclude
d¢ozm (o By e 1, B) < Doz (R (41), - A (A1), (B,D)
<O (3¢ean (R (40, - A 4DA (B,D), 0¢eqm (b b 5))
< d(egm) (5(&@) A4, .. A (40, 6), .., 3z (A (40, ... A (41), 6),85m (A (1), ..., A (h,1), /7)) .
By putting t = 1 in (b) is obtained.
By putting 4 = b in (b) and according to the Definition 6 (2) is obtained.

Using (d), we achieve

o 6RO Y
= 0¢pam (A (h, 5, ....A (h, §),h)

< 6({:’@) ((l O OBIOR LIS 1O h), (l S e 6 L OA (B, 47)))

SO 915,19 51516 (15 515A (R 1)
g((19---L>lu>h)9---9(19---919;&)<—>(l<—>---u>l<—>17))_

(by Definition 6 (4)).

The next result is directly obtained from Theorem 11.

Corollary 12. Assume Y be a strong (f, ?)-superhyper EQ algebra with bottom element 0. Then for each
hi,bEY:

e Ougn(Mh, ..., 11 < g (—h,—h, ..., 2R, —1). Moreover, if Y is involutive, thus
6({@) (h, h, .., A, l) = 6([’@) (—|fl, =R, ..., AR, —|l).

b 6({’]@) (h, hl ey h; A) S a(f’ﬁ)(_l ﬂ (h, l), ey 1 R (h, l), = ﬂ (A, l))
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4 | Conclusion

This article is dedicated to introducing the new concept of strong superhyper EQ algebras as an expansion of
EQ algebras. We hope that this research will be used in future studies in the field of logical superalgebras. We
also hope that more valuable research will be done on Neutrosophic unique-valued (super) algebras EQ and
the use of these algebras in various fields of uncertainty and fuzzy math, where this method is more powerful
than classical mathematics.
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