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1. Introduction

L. Henkin and T. Skolem made significant contributions to the field of intuitionistic
and non-classical logics during the 1950s by introducing Hilbert algebras. An interesting
development came from A. Diego, who established the local finiteness of Hilbert algebras,
as demonstrated in [3]. In an effort to extend the concept of dual BCK-algebras, H. S.
Kim and Y. H. Kim introduced the notion of BE-algebras, as discussed in [4]. Drawing
connections between Hilbert algebras and BE-algebras, A. Rezaei et al. explored their
interrelations, as presented in [5]. The process of generalization is pivotal in the study
of algebraic structures, leading to the introduction of GE-algebras by R. K. Bandaru et
al., elaborated in [1]. An integral facet of GE-algebras’ advancement lies in filter theory,
which was leveraged by R. K. Bandaru et al. in the establishment of belligerent GE-filters
within GE-algebras. Their properties were thoroughly investigated, as documented in [2].
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In this paper, we introduce a new type of algebraic structure, called a quasi GE-algebra
(briefly, qGE-algebra), with the conditions of GE-algebra and investigate its properties.
We show that GE-algebra and qGE-algebra are independent of each other through exam-
ples. We introduce the substructure of quasi GE-algebra called qGE-subalgebra, qGE-
filter, strong qGE-filter, and closed qGE-filter, and further explore the relevant properties
and interrelationship. We provide several conditions for a subset of a qGE-algebra to be
a qGE-filter.

2. Preliminaries

We display the basic notions on GE-algebras.

A GE-algebra (see [[1]]) is a non-empty set X with a constant 1 and a binary operation
“x” satisfying the following axioms:

(GEl) w*w =1,

(GE2) 1 xw = w,

(GE3) wx (mxn) =wx* (m* (w=*n))
for all w,m,n e X.

In a GE-algebra X, a binary relation “<” is defined by

Vo,reX)(w<rm & wxn=1). (1)

Every GE-algebra X satisfies the following items (see [[1]]).

[\]

N /N /N /N /N A/~~~
~— Y N N~

VoeX)(w*xl=1).

w

Vo, m€ X)(w* (wx*m) =w*m).

Vo, me X)(w < mx*w).

AN

(
(
(
Voo, m,n € X)(wx(m*xn) <mx(w=xn)).
VoeX)1<w = w=1).
(
(
(

EN{

Vo,me X)(w < (mxw)*w).
Vo, m€ X)(w < (wxm)*m).

© 0o

Vo, t,ne X)(w<rm*xn & mn<wx*n).

3. Quasi GE-algebras
In a GE-algebra X, we consider the following equality:
(Ve, 0,6 € X) (k%0 = (sxkK)*(s*0)). (10)

The following example shows that a GE-algebra may not satisfy the condition (10).
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Example 1. Let X = {1,a,b,c,d,e, f} be a set with the binary operation “«” in the
following Cayley Table.

x|1 a b ¢c d e f
11 a b ¢ d e f
all 1 1 ¢c e e 1
b1l a 1 d d d f
cll1 1 b1 1 11
dll a1 111 f
e|ll a b1 1 1 1
fll a b e d e 1

Then X is a GFE-algebra and we have
(cxa)x(cxd)=1x1=1#e=axd.

We would like to introduce a new type of algebra using (10) instead of (GE3) under
the three conditions of GE-agebras.

Definition 1. A quasi GE-algebra (briefly, ¢qGE-algebra) is defined to be a set X with a

special element “17 called the unit and a binary operation “«” that satisfies three conditions

(GE1), (GE2) and (10).

[13

Example 2. Let X = {1,a,b,c,d,e} be a set with a binary operation
following table:

x 7 given in the

x1 a b ¢ d e
111 a b ¢ d e
ala 1 ¢ b e d
bld ¢ 1 e b a
cle d e 1 a b
d|b e d a 1 c
ele b a d c 1

It is routine to verify that (X, *,1) is a ¢GE-algebra.

“y

Example 3. Let X = {1,a,b} be a set with the binary operation “«” in the following
Cayley Table.

Then X is a qGFE-algebra.

Example 4. Let X be the set of all integers or all real numbers. Define a binary operation

“” on X as follows:

x: X XX = X, (K,0)—0— k.

It is routine to verify that (X, *,0) is a ¢qGE-algebra.
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Remark 1. Example 1 explains that a GE-algebra may not be a ¢GE-algebra.
The following example shows that a qGE-algebra may not be a GE-algebra.

Example 5. The ¢qGE-algebra X given in Example 2 is not a GE-algebra because of
ax(bxa)=axc=bFe=axd=ax((bx1l)=ax*(bx(axa)).

By Remark 1 and Example 5, we can see that the two concepts GE-algebra and qGE-
algebra are independent of each other.

In a qGE-algebra X, a binary relation “<” is also defined by (1). If X is a GE-algebra,
then (X, <) may not be a poset as shown in the following example.

“ 9

Example 6. Let X = {1,a,b,¢c,d} be a set with a binary operation “*” given in the

following table:

e i gy Qe
e e = T = = R
— o= Q0 Q&

QL O > Q = *
Q Q2 Q ~ Q2
—= = 0 OO0

Then (X,*,1) is a GE-algebra. We can observe that ¢ < d and d < ¢ but ¢ # d. Hence
(X, <) is not be a poset.

But, if X is a qGE-algebra, then (X, <) is a poset. In fact, it is reflexive by (GE1).
Let k,0 € X be such that kK <J. Then k*J =1, and so 6k = (k*0)* (k*k) =1%1 =1,
i.e., § < k. Hence < is symmetric. Let x,d,¢ € X be such that kK < § and § <. Then
kx0=1and d x¢=1. Hence

kxs=1%(kxg)=(k*0)*x(kxg)=0x¢=1,

i.e, K <¢. Thus < is transitive. Therefore (X, <) is a poset.
The relation < is also antisymmetric. In fact, let k,6 € X be such that k < § and
0 < k. Then k*d =1 and § x kK = 1. Hence

0=1x0=(0*x1)*(0x0)=(0*x1)*(dxK) =1%xk=r,

and therefore < is antisymmetric.
In general, a GE-algebra has no left cancellation property as shown in the following
example.

Example 7. The GE-algebra X in Example 6 doesn’t have the left cancellation property
sinceaxa=1=ax1, but a # 1.

Theorem 1. A ¢GE-algebra X has the left cancellation property.
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Proof. Let k,6,¢ € X be such that x *d = k *x¢. Then
d=1xd=(kx1)x(kxd)=(k*x1)x(k*x¢)=1%xc=¢

by (GE2) and (10). Hence r is left-cancellative. Since x is arbitrary, X has the left
cancellation property.

Proposition 1. Fvery ¢qGE-algebra X satisfies:
(Vk,0 e X)(k<d & k=19). (11)

Proof. 1t is clear that if kK = 4§, then k < §. Let k,0 € X be such that x < . Then
k%0 =1=k=xr by (GEL). It follows from Theorem 1 that k = 4.

Remark 2. By Proposition 1, we know that the binary relation < is only the set
<={(k,k) e X XX | ke X}.

Proposition 2. Fvery ¢qGE-algebra X satisfies:

(Vk,0 € X)(k*xd = (0%kK)x*1), (12)
(Ve,0 € X)((kx1) % (k% 0) =0), (13)
(Ve,0 € X)(k=* ((k*1)%0) =0). (14)
(VE,0,s € X)(k < = ¢xr <cgx0). (15)

Proof. The combination of (GE1) and (10) induces (12), and the combination of (GE2)
and (10) induces (13). If we take k = 1 in (12) and use (GE2), then § = (0 * 1) % 1 for all
d € X. Tt follows from (13) that

Kk ((kx1)x0)=((k*1)*x1)*x ((kx1)%d) =19

for all k,0 € X. (15) is clear by (10).

Corollary 1. Every qGE-algebra X satisfies:

(Ve, 0,6 € X)((s* k) * (cx0) = (§ x k) x 1), (16)
(Vk,0,c € X)(kxc=0%¢ = k=20). (17)

Proof. The combination of (10) and (12) induces (16). Let ,0,¢ € X be such that
Kkx¢=0dx¢. Using (12), we have

cxk=(kxg)x1=(Ixq)*1=gx*J.

It follows from Theorem 1 that kK = §.
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Remark 3. In Proposition 2, (12) shows that X consists of elements k that satisfy (k *
1)x1=x. That is, X ={r € X | (kx1)*x1=k}.

Theorem 2. Let (X,*x,1x) and (Y,xy,ly) be ¢GE-algebras. Let Z = X x'Y be the
Cartesian product of X and Y. Define a binary operation “«” on Z as follows:

x: 4 X Z—Z, ((k,w),(d,7)) = (k*x 0,0 %y 7). (18)

Then (Z,*,1) is a ¢qGE-algebra where 1 = (1x,1y). We call it the product ¢GE-algebra of
(X, #x,1x) and (Y, *y,1y).

Proof. 1t is straightforward.
An example to explain Theorem 2 is presented as follows.

Example 8. Let (X,xx,1x) be a qGE-algebra and consider the qGE-algebra (Z,—,0)

@y,

which is given in Example 4. Let Y = X X Z and the binary operation “«” on'Y 1is given
as follows:

(k, @) * (6, m) = (k*xx 6,7 — @)
for all (k,w),(0,7) € Y. Then (Y,*,1) is the product ¢GE-algebra of (X,*x,1x) and
(Z,—,0) where 1 = (1x,0).

4. qGE-subalgebras
In what follows, let X be a qGE-algebra unless otherwise specified.
Definition 2. A non-empty subset E of X is called a ¢qGE-subalgebra of X if it satisfies:
(Vk,0 € X)(k,0 € E = Kxd€E). (19)
It is obvious that the singleton {1} is a qGE-subalgebra of X.

Example 9. Consider the ¢GE-algebra X given in Example 2. It is routine to verify that
the set E = {1,b,d} is a ¢qGE-subalgebra of X .

Example 10. Let X := R\ {0} where R is the set of all real numbers. Define binary

operations “*4” and “x_" on X as follows:
st X x X = X, (K,0) = 2, (20)
o X x X = X, (8,0)—~ -2, (21)

respectively. It can be easily confirmed that (X,*4,1) and (X,*_,—1) are ¢qGE-algebras.
Let E := RT™ and D := R~ be the set of all positive real numbers and the set of all
positive real numbers, respectively. Then E is a ¢GE-subalgebra of (X, *4,1), but D is not
a qGE-subalgebra of (X,*4,1). Also D is a qGE-subalgebra of (X,x_,—1), but E is not
a qGE-subalgebra of (X, *_,—1).
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Proposition 3. FEvery ¢qGE-subalgebra of X contains the unit 1.
Proof. 1t is straightforward by (GE1).

Theorem 3. Let (Z,*,1) be the product qGE-algebra of qGE-algebras (X,xx,1x) and
(Y,*y,1ly). If D and E are ¢qGE-subalgebras of X and 'Y, respectively, then their product
D x E is a qGE-subalgebra of Z.

Proof. Let (k,0),(w,m) € D x E. Then k,w € D and 6,7 € E, and thus k xx w € D
and § xy w € E. It follows that

(k,0) x (ww,7) = (k*xx d,w*y ™) € D x E.
Hence D x F is a qGE-subalgebra of Z.
The following example illustrates Theorem 3.

Example 11. Consider the ¢GE-algebra (X,*x,1x) given in Example 2 and the ¢GE-
algebra (R, —, 0) which is given in Example 4. Then (X xR, *,1) is the product ¢qGE-algebra
of (X,*x,1x) and (R, —,0) where x is defined by

(V(k,0),(r,s) € X X R)((k,0) x (r,s) = (k*xx 1,8 —9)).

Let D ={1,a} and E =7. Then D and E are ¢GE-subalgebras of X and R, respectively.
Let (k,0), (u,v) € DX E. Then k,u € D and §,v € E, and thus kxxu € D andv—4§ € E.
It follows that

(k,0) * (u,v) = (k*x u,v —9) € D x E.
Hence D x E is a qGE-subalgebra of X x R.
Theorem 4. The intersection of two qGE-subalgebras is a qGE-subalgebra.

The union of two qGE-subalgebras may not be a qGE-subalgebra as shown in the
following example.

Example 12. Consider the qGE-algebra X given in Ezample 2. It is routine to verify
that the set By = {1,a} and Ey = {1, ¢} are ¢GE-subalgebras of X. But E1UE, = {1,a,c}
is not a ¢GE-subalgebra of X since a,c € E1UFEy but axc=0b¢ FEy U Es.

5. qGE-filters

In this section, we introduce the qGE-filter in a qGE-algebra in the same way as the
GE-filter in a GE-algebra as follows.

Definition 3. A subset F' of X is called a qGE-filter of X if it satisfies:

1€ F, (22)
(Vk,0 e X)(kxd€e F, ke F = de€F). (23)
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Example 13. Let X = {1,a,b,c,d, e} be a set with a binary operation “x” given in the
following table:

x|1 a b c d e
111 a b ¢ d e
ala 1 ¢ b e d
blb d 1 e a c
cld b e 1 ¢ a
dlc e a d 1 b
ele ¢ d a b 1

Then (X, *,1) is a ¢qGE-algebra, and it is routine to check that the set F = {1,¢,d} is a
qGE-filter of X.

Example 14. Consider the qGE-algebra (Y, *,1) which is given in Example 8. Consider a
subset K := X x N of Y where N® = NU{0} and N is the set of all natural numbers. It is
clear that 1 = (1x,0) € K. Let (k1,w1), (ke,w2) € Y be such that (k1,w1) * (ke,w2) € K
and (k1,w1) € K. Then

(K1, 1) * (K2, w2) = (K1 *x Ko, w2 —w1) € K,

and so @y € N and wy — w1 € NV, Hence wy € N°, and thus (ko,ws) € K. Therefore K
1s a qGE-filter of Y.

Theorem 5. FEvery qGE-filter F' of X satisfies:
Vo, m e F)(Q(w,m) ={ke X |w*xrk =7} CF), (24)

Proof. Assume that F is a qGE-filter of X and let k € Q(w,w) for w,m € F. Then
wxk=m € F and so k € F. Hence Q(w,n) C F.

Proposition 4. If F' is a subset of X that satisfies the condition (24), then F satisfies
the condition (23).

Proof. Let F be a subset of X that satisfies the condition (24). Let k,0 € X be such
that k € F and k% § € F. Then the equality x * 6 = K * ¢ induces 0 € Q(k,k*xJ) C F,
and so F' satisfies the condition (23).

We present the following open question.

Question 4. If F is a subset of X that satisfies the condition (24), then does F include
the unit 17

If we can get the positive answer to the Question 4, then we know that every subset
F of X which satisfies the condition (24) is a qGE-filter of X.

If F is a subset of X that satisfies the condition (24) for all w,m € X with w # T,
then F' may not be a qGE-filter of X as shown in the following example.
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Example 15. Consider the ¢GE-algebra (X,*,1) given in Example 2. Let F = {1,d}.
Then we can observe that Q(1,d) = Q(d,1) = {d} C F for all 1,d € F. But F is not a
qGE-filter of X sinced € F and d*b=d € F butb ¢ F.

Question 5. Does any qGE-filter F' of X satisfy the condition below?
(Ve,0,c € X)(s*x(dxK) € F,cxd € F = ¢xr€EF). (25)
The example below shows that the answer to Question 5 is negative.

13

Example 16. Let X = {1,a,b,c,d, e} be a set with a binary operation
following table:

7 given in the

x/1 a b ¢ d e
111 a b ¢ d e
ala 1 d e b ¢
blc d 1 b e a
clb e ¢ 1 a d
dld ¢c e a 1 b
ele b a d c 1

Then (X,*,1) is a ¢GE-algebra, and it is routine to verify that the set F' := {1,b,c} is
a qGE-filter of X. But it does not satisfy (25) since ax (a*x1) = axa =1 € F and
axa=1€F, butaxl=a¢F.

We use two conditions (22) and (25) to make a qGE-filter from a subset.

Theorem 6. Let F' be a subset of X that satisfies (22). If F' satisfies the condition (25),
then it is a qGE-filter of X.

Proof. Assume that a subset F' of X satisfies two conditions (22) and (25). Let
k,0 € X be such that § ¥k € F and § € F. If we take ¢ := 1 in (25) and use (GE2),
then 1x(0xk) =0k € Fand 1% =6 € F. It follows from (25) and use (GE2) that
k=1xk € F. Thus F is a qGE-filter of X.

For a subset F' of X, consider the condition below.
(Vi, 0, € X)(k* (dxs) € F = d*xs€F). (26)

The following example shows that a qGE-filter F' of X may not satisfy the condition
(26).

Example 17. Let (X,*,1) be a ¢GE-algebra and F = {1,b,c} a qGE-filter of X given in
Ezample 16. Then F does not satisfy (26) since dx(cxe) =dxd=1¢€ F butcxe=d ¢ F.

We explore the conditions for a qGE-filter to satisfy the condition (25).

Theorem 7. Let F be a qGE-filter of X. If F satisfies (26), then it satisfies the condition
(25).
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Proof. Let F be a qGE-filter of X that satisfies (26). Let x,d,¢ € X be such that
¢*(0*xk)€ Fand ¢x0 € F. Then § xxk € F and ¢x6 € F. It follows from (10) that
(cxd0)*x(c*xk) =d+k € Fand ¢x0 € F. Hence ¢ *x k € F by (23), and therefore the
condition (25) is valid.

We explore the conditions for a subset F' of X to be a qGE-filter of X.

Theorem 8. Let F' be a subset of X which includes the unit 1. If F' satisfies the condition
(26), then F is a qGE-filter of X.

Proof. Assume that a subset F' of X includes the unit 1 and satisfies the condition
(26). Let k,0 € X be such that k«d € F and k € F. Then kx (1) = k*J € F by
(GE2). It follows from (GE2) and (26) that 6 = 1% € F. Hence F is a qGE-filter of X.

Theorem 9. Let F' be a subset of X with the unit 1. If it satisfies:
(Vr,0,s € X)(kx(0xs) € F,0 € FF = Kkxg€F), (27)
then it is a qGE-filter of X.

Proof. Let k,6 € X be such that kK *d € F and k € F. Using (GE2), we have
lx(k*xd)=rKk=*d€ F,andsod =1%0 € F by (GE2) and (27). Hence F is a qGE-filter
of X.

In the following example, we can find a qGE-filter of X which does not satisfy the
condition (27).

Example 18. Consider the ¢GE-algebra (X, *,1) given in Example 13. It is routine to
verify that the set F':= {1,e} is a qGE-filter of X. But F' does not satisfy (27) since

ax(exb)=axd=ec Fandeec F butaxb=c¢ F.

Definition 6. If a subset F' of X satisfies (22) and (27), we say that F is a strong
qGE-filter of X.

“ 9

Example 19. Let X = {1l,a,b,c} be a set with a binary operation “*” given in the

following table:

o o Q %
0O O R
S0 = QR
L = o oo
= ot OO

Then (X, *,1) is a qGE-algebra, and the set F' := {1,c} is a strong qGE-filter of X.

It is obvious that every strong qGE-filter is a qGE-filter (see Theorem 9). But a
qGE-filter may not be a strong qGE-filter as seen in the following example.
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Example 20. Consider the ¢GE-algebra (X, *,1) given in Example 13. It is routine to
verify that the set F' := {1, e} is a ¢GE-filter of X. But F' is not a strong qGE-filter of X
sinceax(exb)=axd=e€ F ande€ F butaxb=c¢ F.

The following example shows that a strong qGE-filter may not be a qGE-subalgebra.

Example 21. Consider the ¢qGE-algebra (R \ {0}, x4,1) given in Example 10. If we take
Fi ={k e R| Kk >1}, thenl € F C R\ {0}. Let 5,0,¢ € R\ {0} be such that
kKx(0%xg) € Fy and 6 € Fy. Then 5 = k% (0x¢) > 1 and § > 1. 1t follows that
K¥Gg=2= % > 1, d.e., kxs € Fy. Hence Fy is a strong ¢qGE-filter of R\ {0}. But Fy
is not a qGE-subalgebra of R\ {0} because of 3.5 2.5 = 22 < 1 and so 3.5% 2.5 ¢ F, for
2.5,3.5 € F,.

In Example 10, the set F_ := {k € R | kK < —1} is neither a strong qGE-filter nor a
qGE-subalgebra, as checked in the following example.

Example 22. Consider the qGE-algebra (R \ {0}, x4,1) given in Example 10. Let F_ :=
{keR| k< —1}. Then —1 € F_ CR\{0}. Let k,0,5 € R\{0} be such that k*(dxs) € F_
and 6 € F_. Then% =k*x(0*x¢) < —1and 6 < —1. Bult k*x¢ = % = % >0, ie.,
kx¢ & F_. Thus F_ is not a strong qGE-filter of R\ {0}. Also if k,0 € F_, then k < —1
nd 6 < —1. Hence kK x6 = % > 0, that is, k * 6 ¢ F_. Therefore F_ is not a strong

qGE-subalgebra of R\ {0}.
The following example shows that a qGE-subalgebra may not be a strong qGE-filter.

Example 23. Consider the qGE-algebra (X,*,1) given in Exzample 15. It is routine to
verify that the set F := {1, e} is a qGE-subalgebra of X. But F is not a strong qGE-filter
of X since ax(exb)=axd=e€ F ande€ F butaxb=c¢ F.

By Examples 21 and 23, we can see that the two concepts qGE-subalgebra and strong
qGE-filter are independent of each other.
We discuss relationship between a qGE-subalgebra and a qGE-filter.

Theorem 10. Every qGE-subalgebra is a qGE-filter.

Proof. Let E be a qGE-subalgebra of X. Proposition 3 shows that 1 € E. Let k,0 € X
be such that kx6 € E and k € E. Then kx1 € E by (19), and so § = 1%0 = (k*1)*(k*J) €
E by (GE2), (10) and (19). Therefore E is a qGE-filter of X.

In the following example, we know that the converse of Theorem 10 may not be true.

Example 24. Consider the ¢GE-filter K := X x N° of Y which is described in Example
14. Since
(K1,7) * (K2,3) = (k1 *x Ko, —4) ¢ K

for all k1, Kk € X, we know that K is not a ¢qGE-subalgebra of Y.

Definition 7. A qGE-filter F' of X is said to be closed if F is closed under the binary
operation “«” on X, i.e., F is a ¢qGE-subalgebra of X .
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Example 25. Consider the ¢qGE-algebra X given in Example 16. It is routine to verify
that the set F' = {1,b,c} is a closed qGE-filter of X.

Example 26. Consider the ¢GE-algebra (R,*,0) in Ezample 4. It is routine to verify
that (Z,*,0) is a closed qGE-filter of (R, *,0).

Proposition 5. Fvery closed qGE-filter F' of X satisfies:
(Ve X)(keF = kxl€eF). (28)

Proof. 1t is clear.

Remark 4. The Proposition 5 is not applicable when the qGE-filter F' of X is not closed.
In fact, the qGE-filter K := X x N° of Y which is described in Example 14 is not closed
(see Ezample 24), and (k,5) € K for all k € X. But (k,5) *x1 = (k,5) * (1x,0) =
(/-i * X 1)(,0 — 5) = (IQ*X 1)(,—5) §é K.

We present the following open question.
Question 8. If a qGE-filter F' of X satlisfies the condition (28), then is it closed?
Theorem 11. The intersection of two qGE-filters is a qGE-filter.

Proof. This can be easily checked.
The union of two qGE-filters may not be a qGE-filter as shown in the following example.

Example 27. Consider the ¢GE-algebra X given in Fxample 2. It is routine to verify
that the set By = {1,a} and Es = {1,c} are qGE-filters of X. But F1 U Ey = {1,a,c} is
not a qGE-filter of X since a € E1UFEy and axb=c¢€ E;UFEy butb ¢ EyU Es.

6. Conclusions

We have introduced a new type of algebraic structure, called a quasi GE-algebra
(briefly, qGE-algebra) and investigated its properties. We have introduced the concepts
of qGE-subalgebra, qGE-filter, closed qGE-filter and strong qGE-filter of a qGE-algebra
and discussed their relationships between them. We have provided conditions for a subset
of qGE-algebra to be a qGE-filter. In our future work, we will introduce different types of
qGE-filters of a qGE-algebra and investigate their properties.

Conflicts of interest or competing interests

The authors declare that they have no conflicts of interest.

Data and code Availability

No data were used to support this study



REFERENCES 581

Supplementary information

Not Applicable

Ethical Approval

This article does not contain any studies with human participants or animals performed
by any of the authors

Informed Consent

The authors are fully aware and satisfied with the contents of the article.

Acknowledgements

The authors wish to thank the anonymous reviewers for their valuable suggestions.

References

[1] R K Bandaru, A Borumand Saeid, and Y B Jun. On GE-algebras. Bulletin of the
Section of Logic, 50(1):81-96, 2021.

[2] R K Bandaru, A Borumand Saeid, and Y B Jun. Belligerent GE-filter in GE-algebras.
Journal of the Indonesian Mathematical Society, 28(1):31-43, 2022.

[3] A Diego. Sur les algebres de hilbert. Collection de logique mathematique. Series A.,
21:1-56, 1966.

[4] H S Kim and Y H Kim. On be-algebras. Scientiae Mathematicae Japonicae Online,
e-2006:1299-1302, 2006.

[5] A Rezaei, A Borumand Saeid, and R A Borzooei. Relation between Hilbert algebras
and BE-algebras. Applications and Applied Mathematics, 8(2):573-584, 2013.



