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Abstract

In this paper, the authors study many interesting properties of ideals and
congruences of the class of all core regular double Stone algebras (briefly
CRD-Stone algebras). We introduce and characterize the concepts of k-
ideals and principal k-ideals of a core regular double Stone algebra with
the core element k and establish the algebraic structures of such ideals.
Also, we investigate k-{T }-congruences and principal k-{™ }-congruences of
a C'RD-Stone algebra L which are induced by k-ideals and principal k-ideals
of L, respectively. We obtain an isomorphism between the lattice of k-ideals
(principal k-ideals) and the lattice of k-{T}-congruences (principal k-{*}-
congruences) of a C RD-Stone algebra. We provide some examples to clarify
the basic results of this article.
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1. INTRODUCTION

The concept of psudo-complement was considered in semi-lattices and distributive
lattices by Frink [23] and Birkhof [13], respectively. The class S of Stone algebras
was studied and characterized by several authors, like, Badawy [1], Chain and
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Griatzer [19, 20], Gratzer [24], Frink [23], Balbes [14] and Katrindk [26]. Reg-
ular double p-algebras and regular double Stone algebras are characterized by
Katrindk [26] and Comer [22], respectively.

The intersection of the set D(L) of dense elements and the set D(L) of
dual dense elements of a double Stone algebra L is called the core of L and
denoted by K(L). In a regular double Stone algebra L, the core K (L) is ei-
ther an empty set or a singleton set, if a regular double Stone algebra L has
a non-empty core, then such a core K (L) has exactly only one element, which
is denoted by k. Ravi Kumar et al. [28] introduced some properties of core
regular double Stone algebra. Srikanth et al. [29] and [30] studied many prop-
erties of ideals (filters) and congruences of a core regular double Stone algebra,
respectively. Badawy et al. [10] constructed a double Stone algebra from a Stone
quadruple. Badawy [3] constructed each core regular Stone algebra from a suit-
able Boolean algebra B = (B;V,A,’,0,1). The constructing C RD-Stone algebra
(B2 v, A1 ,(0,0),(1,1)) with the core element (0,1), where

B ={(z,y) e BxB: z <y},
(@,y) A (96172/1) (@ A a1,y A ),
(@, y) V (z1,51) = ($ Var,y V),
(z,9)" =y,
(z,y)" = (a',2).

In Section 2, We list the basic concepts and important results which are
needed throughout this paper. Also, we provide some examples of RD-Stone
algebras with core element k and RD-Stone algebras with empty core. We refer
the reader to [4, 8, 9, 11, 16] and [17] for filters, ideals and [2, 7, 12] for congruences
of lattices and p-algebras.

In Section 3, we introduce the k-ideals of a C RD-Stone algebra L and obtain
many related properties. A set of equivalent conditions for an ideal I of a CRD-
Stone algebra L to become a k-ideal is given. We observe that the class I (L) of
all k-ideals of L forms a bounded distributive lattice.

In Section 4, we define and characterize the concept of principal k-ideals of a
CRD-Stone algebra L. We show that the class [ ,f (L) of all principal k-ideals of
L is a Boolean ring and so a Boolean algebra. Example 25 describes the Boolean
algebra I} (L).

In Section 5, we investigate the k-{T}-congruences via k-ideals of a C'RD-
Stone algebra L. Also, we observe that the set Con; (L) of all k-{T}-congruences
forms a bounded distributive lattice which is isomorphic to the lattice I} (L) of
k-ideals.

In Section 6, we investigate and charaterize the principal k-{* }-congruences
of a CRD-Stone algebra L via principal k-ideals of L. Then, we study the
properties and the algebraic structure of the class Conf (L) of all principal k-{*}-
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congruences of L. Moreover, we show that I} (L) and Conj} (L) are isomorphic
Boolean algebras. We give Example 42 to clarify the last result.

2. PRELIMINARIES

In this section, we recall certain definitions and results which are used throughout

the paper, which are taken from the references [1, 5, 15, 22, 24, 28, 29] and [31].

Definition 1 [20]. An algebra (L; A, V) of type (2,2) is said to be a lattice if

(1) the operations A,V are idempotent, commutative and associative,

(2) the absorption identities hold on L, that is, (a Ab)Va =a,(aVb)ANa =a
for all a,b € L.

Definition 2 [15]. A lattice L is called a bounded if it has the greatest element
1 and the smallest element 0.

Definition 3 [18]. A lattice L is called a distributive lattice if it satisfies either
of the following equivalent distributive laws:

(1) an(bVe)=(aNb)V(aAec),

(2) aVv(bAc)=(aVb)A(aVec), forall a,b,c € L.

Definition 4 [29]. A nonempty subset I of a lattice L is called an ideal if

(1) xvy el forall x,y €1,
(2) z € I and z € L be such that z < z imply z € I.

Definition 5 [24]. If ¢ # A C L, then (A] is the smallest ideal of a lattice
L which contains A, where (A] = {x € L : 2 < a;VaaV---Vay, a € A,
i=1,2,...,n}.

The case that A = {a}, we write (a] instead of ({a}] and (a] is called the
principal ideal of L generated by a, where (a] = {z € L : z < a}.

Let I(L) be the set of all ideals of a lattice L. Then (I(L);A,V) forms a
lattice, where

INJ=INnJandIVJ={xeL:z<iVj:iel,jeJ}

Also, algebra (IP(L);V, A) of all principal ideals of L is a sublattice of the lattice
I(L), where

(a] V (b] = (a Vv b] and (a] A (b] = (a A b].

It is known that the lattice I(L) is distributive if and only if L is distributive.
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Definition 6 [20]. For any element a of a bounded lattice L, the dual pseudo-
complement a* (the pseudo- complement a*) of a is defined as follows

aVr=1ea" <z (aAhz=0&z<a").

Definition 7 [24]. A distributive lattice L in which every element has a pseu-
docomplement is called a distributive pseudo-complemented lattice or a distribu-
tive p-algebra. Dually, a distributive lattice L in which every element has a dual
pseudocomplement is called a distributive dual pseudocomplement lattice or dual
distributive p-algebra.

Definition 8 [5]. A distributive p-algebra (distributive dual p-algebra) L is called
a Stone algebra (dual Stone algebra) if *Vz** =1 (zT Axtt =0) for all z € L.

Theorem 1 [20]. Let L be a distributive p-algebra (distributive dual p-algebra).
Then for any two elements a,b of L, we have

1) 0*=0and 1™ =1 (0" =0and 17" =1),
aNa*=0 (aVat=1),

*=a* Ab* ((aAD)T =aT VbT),
*=a*Vb* ((avVb)T =at AbT),
=gV ((aAb)TT =atT ADTT),
=g A ((aVh)TT =att vitt).

(

(2)

(3)

(4)

(5) a™ =a” (™" =a¥),
(6)

(7)

(8)

9)

Definition 9 [20]. A Double Stone-algebra L is an algebra (L,* ;) where
(i) (L,*) is a Stone algebra,
(i) (L,") is a dual Stone algebra.

Definition 10 [22]. A regular double Stone algebra (briefly RD-Stone algebra)
L is a double Stone such that

* =y and 27T =y imply z = v.

Let L be a double Stone algebra. The element a € L is called a closed
element of L if a** = a and the element a € L is called a dual closed element of
L if a™ = a. An element d € L is called dense if d* = 0 and an element d € L
is called dual dense if d* = 1.

Lemma 2 [29]. Let L be a double Stone algebra. Then
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(1) the set D(L) = {a € L|a*=0} ={aVa*|a€ L} of all dense elements of
L is a filter of L,

(2) the set D(L) = {a € L|a™ =1} = {aAa™ |a € L} of all dual dense ele-
ments of L is an ideal of L,

(3) the set B(L) = {a* : a € L} = {at : a € L} of all closed elements of L
forms a Boolean subalgebra of L,

(4) the set K(L) = D(L) N D(L) is called the core of L, we have two cases of
K(L), namely, K(L) = ¢ or K(L) # ¢.

It is easy to show the proof of the following two lemmas.

Lemma 3. The non empty core K(L) of a RD-Stone algebra L has exactly one
element.

Definition 11. A regular double Stone algebra with non empty core is called a
core regular double Stone algebra (briefly C' RD-Stone algebra).

Lemma 4. Let L be a CRD-Stone algebra with the core k. Then
(1) D(L) = [k), that is, D(L) is a principal filter of L generated by k,

(2) D(L) = (k], that is, D(L) is a principal ideal of L generated by k.

We use k for the core element of a C RD-Stone algebra L, that is, K(L) = {k}.
Now, we give examples of CRD-Stone algebras and RD-Stone algebras with
empty core.

Example 5. (1) Let L = {0,z,y,1: 0 < 2 < y < 1} be the four element chain. It
is clear that (L,*,™) is a double Stone algebra, where z* = y* = 1* = 0, 0* =
and 0t = 27 =yt =1, 1T = 0. Then K(L) = D(L)N D(L) = {z,y,1} N
{z,y,0} = {x,y} is a non empty core. We observe that L is not regular as
27T =y and 2** = y**, but x # v.

(2) The double Stone algbra S3 = {0,k,1 : 0 < k < 1} is the smallest non
trival core regular double Stone algebra with core k, (Ss3 is called the discrete
CRD-Stone algebra).

(3) Every Boolean algebra (B;V,A,,0,1) can be regarded as a RD-Stone
algebra with empty core, where z* = z* = 2/, for all z € B and K(B) =

{1} {0} = ¢.

Example 6. (1) Consider the bounded distributive lattice Sg in Figure 1. It
is clear that L; is a core regular double Stone algebra with core element k,
where k* = 1" = ¢y* = 2" =0, ¢ =a* =0, d =b* =a, 1* = 0 and
kt=ct=d"=0"=1,b"=y" =a, 27 =a" =b, 0" =1.

(2) Consider the bounded distributive lattice L; in Figure 2. We observe that
L is a regular double Stone algebra with empty core as K(L) = D(L1)ND(Ly) =
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{d,1} n{0,y} = ¢, where 0* =d* =1*, c=z*, z=c*=y*, 1=0*and 0 = 17,
c=z"=d",z=c", 1=yt =0".

Figure 1. Sy is a C RD-Stone algebra with core k.

0

Figure 2. L; is a RD-Stone algebra with empty core.

Lemma 7. If L is a CRD-Stone algebra with core element k, then every element
x of L can be written by each of the following formulas:
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(1) 2 =2 A (27T V k) and its dual z = 2TV (2™ A k),
(2) x =2 A (zVk) and its dual x = 2tV (z A k).

Definition 12 [20]. An equivalent relation 6 on a lattice L is called a lattice
congruence on L if (a,b) € 0 and (¢, d) € 6 implies (aVe,bVd) € 6 and (aAc,bAd)
€.

Theorem 8 [24]. An equivalent relation on a distributive lattice L is a lattice
congruence on L if and only if (a,b) € 0 implies (aVz,bVz) € 0 and (aAz,bAz) € 0
for all z € L.

Definition 13. A lattice congruence 6 on a dual Stone (Stone) algebra L is called
a {*}-congruence ({*}-congruence) if (a,b) € 6 implies (a*,b") € 0 ((a,b) € 0
implies (a*,b*) € 0).

Definition 14. A lattice congruence 6 on a double Stone algebra L is called a
congruence (or {*,* }-congruence) if (a,b) € 6 implies (a*,b*) € 6 and (at,b") €
0.

A binary relation ¥ defined a double Stone algebra L by
(2,9) € UF & 2t =+

is a {1 }-congruence relation which is called the dual Glivenko congruence relation
on L. It is known that the quotient lattice L/¥ = {[z]¥ : z € L} is a Boolean
algebra and L/¥ = B(L), where [x]¥ = {y € L:y" =a2"} is the congruence
class of x modulo ¥. Moreover, the element 7T is the smallest element of the
congruence class [z]W, [0]¥ = D(L) and [1]¥ = {1}.

For a double Stone algebra L, we use Con(L) to denote the lattice of all
congruence of L and Con™ (L) to denote the lattice of all {*}-congruence of a
dual Stone algebra (L,* ). Also, we use V, and Ay, for the universal congruence
L x L and equality congruence {(z,z) : x € L} of L, respectively.

Definition 15 [15]. A lattice congruence 6 on a lattice L is called a principal con-
gruence and is doneted by 6(a, b) if 0 is the smallest congruence on L containing
a,b on the same class.

Theorem 9 [15]. If L is a distributive lattice and a,b € L then the principal
congruence 0(a,b) of L is given by
(1) (z,y) €0(a,b) & zVaVb=yVaVbandxNaNb=yANaAb,
(2) If a < b, then (z,y) € O(a,b) & zVb=yVbandx Na=yAa,
(3) (z,y) €0(0,b) & xVb=yVb.

Throughout the paper, we will use L for a C RD-Stone algebra and k for the
core element of L. For more information we refer the reader to [25, 32] for Stone

algebras, [33] for double Stone algebras, [22] for regular double Stone algebras
and [6, 21, 28, 29, 30] for core regular double Stone algebras.
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3. k-IDEALS OF CRD-STONE ALGEBRAS

In this section, we define the notion of k-ideal of a C'RD-Stone algebra L and
introduce many basic properties of such ideals. A characterization of a k-ideal
of a CRD-Stone algebra L is given. Also, we observe that the class I} (L) of all
k-ideals of L forms a bounded distributive lattice.

Definition 16. An ideal I of a CRD-Stone algebra L with core k is called a
k-ideal if k € I.

Let A be a non empty subset of a C RD-Stone algebra L. Consider AV as
follows

AV ={zeL:at" <a™ Vk, for some a € A}.

Lemma 10. Let A be a non empty subset of a CRD-Stone algebra L, which is
closed under V. Then AV is a k-ideal of L containing A.

Proof. Clearly 0,k € (A)V. Let x,y € (A)V. Thus 27" < o™t VE, y™F <
b™t V k for some a,b € A. Then (zVy)™" < (aVb)T™ VEkand aVbe A, imply
xVy e (A)V. Now, let v € L,y € (A)V and z < y. Then 27+ < y™t <att VE.
So x € (A)V. Thus (A)V is k-ideal of L. Since, a™ < a™* V k, forall a € A,
then A € AV. ]

Lemma 11. Let A, B be two subsets of a C RD-Stone algebra L, which are closed
under V. Then

(1) (A]V =AY,

(2) ACB= AV C BY,
(3) AV = (4] v D(L),
(4) AVY = AV,

Proof. (1) Since A is closed with respect to V, then for a € (A], we have a <
arVasV---Va, €A a; €A, i=1,2,...,n. Immediately, we get

(a]V={zxc L:zt" <a*" VE, for some a € (A]}

={zeLl:2"" <(ayVaaV---Va,)""VEk aVayVv---Va, c A} = AV,

(2) Suppose A C B and x € AV. Then 27+ < a™" V k for some a € A C B.
It follows that x € BY. Thus AV C BV.
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(3) Since (A] C (A]Y = AV by (1) and D(L) = (k] € AV, then (A]VVD(L) C
AV. Conversely, let € AV. Then 27 < a't V k for some a € A. We have

r=x"tV(@Ak) < (aTTVE)V(zAK) (by Lemma 7.(2))
=(atTVEVZ)A(atT VE) (by distributivity of L)
=a"tVvk<aVke (aVk]

= ze(aVk=(aV(k=(]VvDI) C (4 Vv D)
((as (a] € (4]).)

Therefore AV = (A] vV D(L).
(4) By the definition of AV, we have

AVV ={x e L:a™ <afT Vk, for some a; € AV}
={zel:ax"" <afTVka]T <a™ VEfor some a € A}

={reL:z"" <att VEk, forsomeac A} = AV. -

A characterization of k-ideals of a C'RD-Stone algebra L is given in the
following.

Theorem 12. Let I be an ideal of a CRD-Stone algebra L with core k. Then
the following statements are equivalent:

(1) I is a k-ideal of L,

(2) D(L) <

(3) zAzT EI forallz € L,

(4) I =1V.

Proof. (1)=(2) Let I is a k-ideal of L. Then k € I implies D(L) = (k] C I.

(2)=(3) Let D(L) C I. Forall = € L, we have z Azt € D(L) C I.

(3)=(4) By Lemma 10, I C IV. For the converse, let y € IV. Then y™* <
itT V k, for some i € I. Thus yt+ <it*. By Lemma 7(2) y = yTT vV (y A k) <
itV (yAk). By (3), k=kAkT €I, where kT = 1. Since, i*", y Ak € I, then
itV (yAk) €T and hence y € I.

(4)=(1) Since k € IV, Lemma 10. Then by (4), k € I and hence I is a
k-ideal of a C'RD-Stone algebra L. [ |

As a consequence of Lemma 11 and Theorem 12, we invistigate the following
Corollary 13 and Lemma 14, respectively.

Corollary 13. For any two ideals I,J of a CRD-Stone algebra L, we have the
following:
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(1) ICT=IVCJY,
(2) IVV =1IV.

Lemma 14. Let L be a CRD-Stone algebra L. Then
(1) 1V = 1v (D),

(2) D(L) is the smallest k-ideal of L,
(3) Ewvery k-ideal of L can be expresed in the form IV for some I € I(L).

Let Ix(L)={I : I is a k—ideal of L}= {IV : I € I(L)} be the set of all
k-ideals of L.

Theorem 15. Let L be a CRD-Stone algebra L. Then for all I,J € I(L)
(1) IVvJ)V=IVVJY,
(2) INJ)V=IVNJV.

Proof. (1) Since I,J C IV J. Then by Corollary 13(1), IV,JV C (I V J)V.
Thus, (I V J)V is an upper bound of IV and JV. Let HV be an upper bound of
both IV and JV for some H € Iy(L). Then IV,JV C HV implies I,J C HV.
Hence, I vV J C HV. Therefore, by Corollary 13(1) and (2), we get (I V J)V C
HYVY = HV. This deduce that (I vV J)V is the least upper bound of both I'V and
JV in I (L). Then (IV J)V =1V vV JV.

(2) Obviously, (I NJ)V C IV NJV. Conversely, let x € IV N JV. Then
T < it Vvkand 27" < jTT Vv k for some i € [ and j € J. Hence 71 <
(@TTVE)AGTTVE) = (TP A T VE = (iA§)TT VE. Tt yields that z € (INJ)V
as i Aj <i,jimplesi A j € INJ. Therefore IVNJV C (INJ)V. [ ]

Theorem 16. The class Ix(L) of all k-ideals of a C RD-Stone algebra L forms
a bounded distributive lattice and {1}-sublattice of I(L).

Proof. From Theorem 15, (Ix(L);V, A) is a sublattice of the lattice I(L), where
(IVI)V=IVVJVand (INJ)V=IVNJV forall I,J € I(L).

Then (I(L);V,A) is sublattice of I(L). Since I(L) is a distributive lattice,
then Iy (L) is also distributive. Since D(L) and L are the smallest and the great-

est members of I;(L), respectively. Then (Ix(L);V,A,D(L),L) is a bounded
distributive lattice on its own and hence a {1}-sublattice of I(L). ]

4. PRINCIPAL k-IDEALS OF A CRD-STONE ALGEBRA

In this section, we introduce the concept of principal k-ideals of a C' RD-Stone
algebra L and investigate many elegant properties of such ideals. A characteri-
zation of a k-ideal of L is given via the principal k-ideals. It is observed the set
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of all principal k-ideals of a C'RD-Stone algebra L is a Boolean ring and so a
Boolean algebra.
Now, let A = {a} be a subset of a CRD-Stone L. Then ready is seen that

{a}V={zeL:at <att vk}

For brevity, set (a)V instead of {a}V. Clearly, (0)V = D(L) and (1)V = L, are
the smallest and the greatest k-ideals of L, respectively.

Definition 17. A k-ideal I of a C'RD-Stone algebra L is called a principal k-ideal
of L if I is a principal ideal of L.

Theorem 17. Let L be a CRD-Stone algebra. Then for any x,y € L, we get
1) ye @)V ey vae=1,

(2) (x)V=(ztT VEk] = (xtT] v D(L), this is, (z)V is a principal k-ideal of L,
(3) z € D(L) & (z)V = D(L).

Proof. (1) Let y € (z)V. Then, we have

<ttt vk eyt > 2t
sytve=1 (by Definition 6)
(2) For all z € L, we get
(@)Y =y Ly <at* Vi)

={yeL:y"tV(yAk)<zTtTVEV(yAk)}

={yeL:y<attVvk} (by Lemma 7(2) and Definition 1(2))

= (2T VK]

= (@] v (k] = ("] v D(L).

(3) Let x € D(L). Then x+ = 1. Now,

The second implication is clear. [ |

More interesting properties of principal k-ideals are given in the following
two lemmas.

Lemma 18. Let L be a CRD-Stone algebra L. Then for any x,y € L, we have
1) (@)VV = (2)V,
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2) (@Y = ()Y,

B) ze @Y < (@)Y SV,

(4) z<y=(z)V C(y)V.

Lemma 19. Let L be a CRD-Stone algebra L. For any x,y € L, we have

) (2)V =@V,

(1

(2) (@ Ay)Y=(@)V N (y)Y,
B) vy = @)V V(yY,
4) (xvah)V =1V =L,
(5) (zAat)V =D(L).

Proof. (1) (x)V ={y € L:y"™" <att vk = (zTHt*VEk} = (zTHV, as
gt — gt

(2) By Theorem 17.(2), we get

((y™)) v D(L)) (by distributivity of I(L))

(zVy)V = ((zVvy) v D)
= ((«* Ay")T v D(L)
— (x++ vV y++] m
= (@] v (y™]) vD(L)
= ((z™]vD(L)) VvV ((y")] v D(L)) (by distributivity of I(L))
= (@) V (y)V

(4) Since z V zT, we get (x Va1tV = (1] = L.

(5) Since # A xT € D(L), then by Theorem 17(3), (z A zT)V = D(L). ]
Lemma 20. Let L be a CRD-Stone algebra L. For any x,y € L, we have

1) @)V =@V et =yTeat =y,

(2) ()V=wWV=@A2)V=(yAz)V,VzeL,

3) (x)V=wV=(@Vz)V=(yVz)V, VzeL.
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Now, we introduce the following important result.

Theorem 21. Every principal k-ideal of L can be expressed as (x)V for some
x e L.

Proof. Let (z] be a principal k-ideal of L. We claim that (z] = (z)V. Since
x € (x)V then (x] C (x)V. For the converse, let y € (x)V. Then

ye @)V =yt <attvk
SyTtTVyAk) < (@tTVE)VyAKR) =@t VEVY) ATV E)
=zt VvEk<zVk
sy<aVk asy=ytTV(yAk)
=yec(xVk]C(z] ask<ux.

Therefore (z)V C (z] and hence (z)V = (z]. ]

A characterization of a k-ideal via principal k-ideals is given in the following
theorem.

Theorem 22. Let I be an ideal of a C RD-Stone algebra L. Then the following
statements are equivalent:

(1) I is a k-ideal,

2) zttel=uzel,

3) forallz,ye L, (z)V=(y)V andyel =z€l,
) 1

)

(
(
(4) I =U,er(@)V,

(5) zel=(x)VCI.

Proof. (1)=(2) Let I be a k-ideal of L and z*" € I. Then k € I implies
ANk el Now, ztF x Ak el imply that x =2tV (zAk) € 1.

(2)=(3) Let (z)V = (y)V, y € I. Thus z € (y)V. Then, 27+ < yTT Vv Ek
implies 1+ < y*™* <y e I. Thus, 27 € I. By (2), we get = € I.

(3)=(4) For any z € I, we have x € (z)V C (J,¢;(x)V. Then I C |J,;(z)V
Conversely, let y € U,c;(7)V. Then y € (2)V for some z € I. Hence, (y)V C
(2)V, by Lemma 18(3). It follows that (y)V = (yv)V N (2)V = (y A 2)V. Since
y Az € I, then by (3), we get y € I. Therefore, |J,c;(2)V € I and hence
LJ:BEI('Z')V =1

(4)=(5) Assume (4). Let x € I. Then by (4), we get z € (¢)V for some
i € I. Suppose t € (x)V. Then it concludes t € (z)V C (i)Vwith ¢ € I. Then
t € Uje;(9)V = I and hence (z)V C I.

(5)=(1) Assume (5). Since k € (z)V, Va € I, then by (5), k € (z)V C I.
This proves that I is a k-ideal of L. [ |
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Let I} (L) = {(z)V : « € L} be the set of all principal k-ideal of a C RD-Stone
algebra L.

Theorem 23. Let L be a CRD-Stone algebra. Then (I} (L);+,e,(0)V,(1)V)

forms a Boolean ring, where + the addition operation and e the multiplication

operation are defined as follows:
@)V + @)V =(zry")vyAzh))Y,
()V e (y)Y = (xAy)V.

Proof. Let (z)V,(y)V, (2)V € I;(L). Then we deduce the following properties:
(i) Associativity of +,

(@)Y + ()Y +(2)Y)

= @)Y+ (A2 Vv EAy))Y

= (@A {ly A=)V Ay )V ETA{y AV (A

={z Ayt AzTIv{zaztT AyTTIv izt Aayaztiv{zt AzayTHY
where

(@A {lyA ")V (zAyT)}T)

= (@A {lyAzD)TAzAYyDT) (by Theorem 1(7))
=z A {(yTvzT) AT vytT)} (by Theorem 1(6))
={@Ay") V@A AET VYT
={@AyDACET VYT IV Az AT VYT (by distributivity of L)
=(@AyT AV @Ayt Ay V@EAZTTAZT) V(AT Ayt

by distributivity of L)

(
(
=@Ayt Az V@At Ayt ) as 2t ATt =0, Vo € L.

On the other hand, we have
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where
{@Ay)Vyna)T Az)
={@ryD)TA@ArzT)TIA2) (by Theorem 1(7))
={@tvy™M AT vatH}Az) (by Theorem 1(6))

={(ztvy™ Ay v(@@tvytT) Azt Az)  (by distributivity of L)
={tvyT™)AyT Az} v{@EtvyTT)AxzTT Az} (by distributivity of L)
=@ Ayt A) VT Ayt A V@t AT AZ) V(T AT AR)
=@ Ayt A) V(T AZTTAZ) as 2T AT =0, Vo e L.
Now, we use the fact (z)V = (y)V & 27t = yTto 2T = yT, see Lemma 20(1).
It is easy to check that
Hx Ayt AzT}v{zAzTTAyTTIv{at AyAztiv{izT AzAyT}T
Hx Ayt Azt v{zt AyAnztiv{ztt AyTT Az} V{zT Ayt Az} T
={ztvyttvzttin{at vzt vyt A{ztt vyt vezttiA{zTT vt vyt
Therefore, ({zAytAzTIV{zAzTTAyTHIV{zT AyAzTIV{zT AzAYyTHV=({zA
yT Az RV {zt AyAzt v {zTT AyTT Az} Vv {zT Ayt A2}V implies ((z)V +
)V) + ()Y =)V + ()Y + (2)V).

(i) Since (2)V 4+ (0)V = ((x A0T)V (zT A0))V = (zV0)V = (z)V, then (0)V
is the additive identity on I} (L).

(iii) Commutativity of 4+ and e,

(iv) It is clear that the additive inverse of (z)V € I}.(L) is (z)V itself, that
is, —(2)7 = (2)".

(v) The multiplicative identity of I} (L) is (1)V.
(vii) The distributive law on I% (L),

)V e {(y)V + (2)V} = (@)V e ((yA2") V(zAy"))Y
= (@A {lynz")Vv(zAyT)HY
={zAynzT}v{zAzAyTHY,
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and

{(z)V e (y)V} +{(x)" o (2)V}
=@@Ay)V+(xAz)V
={@AryA@a)Tv{EAy) T A@A)DY
={@Ay ATV v{ET vy Al A
={zAynztivizayrztiviztrazazyv{yt Azaz})V
Then by Lemma 20(1), we get {z AyAzT}V{zAzAyTHY = ({zAyAzT}V
{xAyAzTv{zt AzAz}V{yT Az Az})V.
Therefore, (z)V o {(y)V + (2)V} = {(2)V o (y)V} +{(x)V o (2)V}.
(viil) (z)V o (2)V = (z Az)V = (z)V. Consequently (I} (L);+,e,(0)V,(1)V)

is a Boolean ring. n

It is known that there is a one-to-one correspondence between Boolean alge-
bras and Boolean rings (see [18]). Then we can convert the Boolean ring I} (L)
into a Boolean algebra as follows.

Corollary 24. Let (I} (L);+,e,(0)V,(1)V) be a Boolean ring of all principal k-
ideals of a CRD-Stone algebra L. Then (I (L);V,A,",(0)V,(1)V) is a Boolean
algebra, where
@)V V(Y)Y = @)V + @)Y +{(x)V e (y)V} = (zAy)V
@)V N ()Y = (x)Ve(y)V =(xry)V
(2)V' = ().

Now, we give an example to clarify the basic properties of the class of all

principal k-ideals of a certain C' RD-Stone algebra L.

Example 25. Consider the C RD-Stone algebra Sg which is given in Example
6(1) (see Figure 1). The principal k-ideals of Sy are given as follows:

07 = (Y = @7 = ()7 = (K, (@)Y = @)Y = (a], B) = ()7 = (5] and
(1)V = L = (1]. We determine the algebras (I} (L),+) and (IL(L),e) as in the
following tables.

From the tables, we abserve that (I} (L);+,e) forms a Boolean ring. Also,
Figure 3. Shows that (I (L); V,A,, (0)V, (1 ) ) forms a Boolean algebra which is
isomorphic to B(L), where’ is given as, (0)V' = (1)V, (a)V' = (b)Y, (b)V' = (a)V,
(V' = (0)V.

Theorem 26. Let L be a CRD-Stone algebra. Then

(1) (Ix(L);V,A,D(L),L) is a {1}-sublattice of I(L),

(2) (IY(L); V, A, (0)V,(1)V) is a bounded sublattice of I (L),
(3) B(L) is isomorphic to I} (L).
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(1Y 1
(@) (b)Y a b
()7 0
AN B(L)

Figure 3. I} (L) and B(L) are isomorphic Boolean algebras.

Proof. (1) Let I,J € Iy(L). Since k € I,J, then I NJ and IV J are k-ideals.
Since k € L = (1], then L is the greatest k-ideal of L, but D(L) = (k] is the
smallest k-ideal of L. Then Iy (L) is a {1}-sublattice of the lattice I(L).

(2) We have (z Vy)V = (2)V V (y)V and (z Ay)V = (2)V A (y)V for all
(z)V,(y)V € I)(L). It is observed that (0)V = D(L), (1)V = L are the smallest
and the greatest members of I (L), respectively. Therefore, (I} (L);V, A, (0)V,
(1)V) is a bounded sublattice of the lattice It (L).

(3) Define mapping: f : B(L) — I}(L) by f(z) = (z)V, for all z € B(L).
To prove that f is a homomorphism, let z,y € B(L),

fxzVvy)

(zVy)Y
(x)V V (y)Y (by Lemma 19(3))
f@) v fy).

Thus f(z Vy) = f(z)V f(y). Similarly, we can get f(z Ay) = f(z) A f(y).
Then f is homomorphism. Let f(z) = f(y). Then (z)V = (y)V and hence
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x=atT =yt =y. Then f is an injective map. For all (z)V € I} (L), we have
(x)V = (zTH)V = f(z™1), 27T € B(L). Then f is a surjective map. Therefore
[ is an isomorphism and B(L) = I} (L). |

5. k-{T}-CONGRUENCES ON A CRD-STONE ALGEBRA

In this section, we study the relationships between k-ideals and k-{* }-congruences
of a CRD-Stone algebra L. Also, we describe the lattice Con; (L) of all k-{T}-

congruences of L.

Definition 18. A {*}-congruence 6 on a C RD-Stone algebra L is called a k-
{*}-congruence if k € Ker 0, where Ker 0 = {zx € L : (2,0) € 0} = [0]g

Proposition 27. Define a binary relation 8 on a core regular double Stone L as
follows:

(r,y) €0 = (2)V = (y)V.
Then 0 is a k-{*}-congruence on L. Moreover, § =" .

Let I be a k-ideal of C RD-Stone algebra L. Define a binary relation 6; on
L as follows:

0r={(a,b) e LxL:aViVk=bViVk, for somei€l}.

Theorem 28. Let I be a k-ideal of CRD-Stone algebra L. Then 0 is a k-{*}-
congerence on L such that Ker 07 = 1.

Proof. 1t is clear that 7 is an equivalent relation on L. Let (a,b) € 6;. Then
aViVk=bViVkfor some i€ I. Now for all ¢ € L, then by distributivity of
L, we get
(anc)ViVkE=(bAc)ViVk,
(aVe)Vivk=(bVe)ViVk.
Therefore (a A ¢,b A ¢),(a V e,bV ) € 07. So by Theorem 8, 6; is a lattice
congruence on L. It remains to show that (a,b) € 67 implies (a™,b") € ;.

(a,b) € =aVivVk=bViVk

=a" ANiTAET =0T AT AT
=at ANiT=bTAitaskT =1
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= (a* ANit)vi= (b AdT) Vi

= (a" Vi) A (it Vi) = (" Vi) A (iT Vi) (by distributivity of L)
= (aTVvi)Al=(b"Vi)Al (by Theorem 1(2))
=atVi=b"Vi

= (a*,b%) € 0.

Then 67 is a { }-congruence on L.
Now, we prove that Ker 0y = 1.

Ker Oy ={x € L:(0,z) €6}
={rel:0ViVk=xzViVkicl}
={rel:ivVk=xViVk}
={rel:z<iVk}
={reL:zt <itt <itt vk}
={z:zelV=I}=1

Since k € I = Ker 07, then 07 is a a k-{* }-congruence on L. |

Theorem 29. For any k-ideals I,J of a CRD-Stone algebra L, we have

)

) 05 =¢",
4) 0=V,

)

the quotient lattice L/0; forms a Boolean algebra.

Proof. (1) Suppose I C J and (a,b) € 0;. Then there exists ¢ € I such that
aViVk=bViVk. Since I C J, then (a,b) € ;. Thus 6; C 6;. Conversely, let
0r C 6;. Then by the above Theorem 28, I = Ker 0y C Ker 0; = J.

(2) Let (a,b) € . Then a™ = b" implies a™ = b+, Now, we have

aVivk=(a"tV(ank)ViVvk (by Lemma 7(2))
=attVviv((ank)Vk)
=a"tVivk (by Definition 1(2))
=b"TVvivk

=0T Viv((bAk)VE)
=0TV (OAK)VIVE
=bViVk.
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Thus (a,b) € 6; and hence ¢ C 6.

(3) Since, it =1, for all i € D(L), we get

QW:{(CL,Z))ELXL:aVin:bVin, i€ D(L)}
={(a,b) e LxL:at Nit AKT =bT AdT AKT}

={(a,b) e LxL:a" =b"} =9yt (asit =k" =1).

(4) Since a V1V Ek =bV1Vkforal a,b € L, then (a,b) € 61 and hence
0, =Vir.

(5) The quotient set L/0; is {[a)fr : a € L}, where [a]f; is the congruence
class of an element @ € L modulo ;. It is known that L/0; = (L/0r;V, A, [1]0;,
[0]6;) is a bounded distributive lattice, where [0]; = I, [1]0; are the bounds of
L/6; and [a]0; A [b)0r = [a A b)Or, [a]0r V [b]6r = [aV b]0;. Define L/0; by [a)' 0 =
[a™]07, since [a]0; Aat]) 0 = [aAaT]0; = [0]0;, [a]0r V [at)0r = [aVaT)0r = [1]60;
and [a]"0; = [a*])0; = [a™T)0; = [a]0;. Then (L/0;;V,A,,[0]01,[1]0;) is a
Boolean algebra. [ |

Let Con; (L) ={0; : I € Ix(L)} be the set of all k-{T}-congruences on L
which are induced by the k-ideals of L. Using Theorem 29. We can show the
following results.

Theorem 30. For any 07 and 05 of Con:(L), we have the following:

(1) 01005 =0y,

(2) 01V 05 =0y,

(3) (C’on;r(L);\/,/\,Hm,HL) forms a bounded lattice and a sublattice of
Con™*(L).

Proof. (1) Since I NJ C I,J, by Theorem 29, 01y C 07,0, implies 0;n5) C
0r N 0;. Conversely, let (a,b) € 0y N6O;. We get

(a,b) € 0rN0O; = (a,b) € 07 and (a,b) € 0;
=aViVk=bViVkforsomeielandaVjVk=bVjV
k for some j € J
= (aViVE)A(aViVk)=(bViVE)ADVjVE)
= (@aVEV)A(aVEV])=bVEVI)ADLVEV)
=aVkV(GEAN])=bVEV(iA
= (a,b) € Oy as (iNG) € (I NJ).

Then 8Ny C H(IOJ) and hence ;N O; = H(IOJ)-
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(2) Since I,J C IV J, then by Theorem 29, 07,05 C 01y 5). Thus, 05y is
an upper bound of 67,0;. Conversely, let 8 be an upper bound of §; and 6, for
k € Ix(L). Then 05, 0;C 0. Hence I, J C k as IV J is the least upper bound of
I, J on Ii(L). By Theorem 29, 0y, 6;C 0. Therefore 0y, ) is the least upper
bound of 07,0;. This proves that 07V 05 = 617

(3) From (1) and (2), it is clear that (Con; (L);V,A) forms a sublattice of
Con™(L). Since QW and 6y are the smallest and the greatest members of
Con;(L), respectively. Then (Con:(L); V, A, QW’ 0r) is a bounded lattice. =

Now, we introduce the following interesting results.

Theorem 31. For every k-{*}-congruence 6 on a CRD-Stone algebra L, we
have

(1) [0]6 is a k-ideal of L,
(2) 0 can be expressed as O for some k-ideal I of L.

Proof. (1) It is clear that [0} = {z € L : (z,0) € )} = Ker 6. It is known
that the Ker 0 is an ideal of L. Since 6 is a k-{* }-congruence, then k € Ker 0.
Therefore [0]0 is a k-ideal of L.

(2) We claim that 0 = 0. Let (z,y) € 6. Since (k,k) € 0 hence
(x Nk,y Nk) € 6. Since [0]0 is a k-ideal of L, then =z Ak, y Ak € [0]f. Hence
(x Ak, y Nk) € Og9. Now, we prove that (z+F,y") € 0.

(et yt)eb= (et Aatt yt AaTT) efand (et Ayt yT Ayt €0
= (0, yt A x++) € 6 and (x+ Ay, O) € 0 (by Definition 8)
=2t Ayt oyt ATt €[00
= (x+ AyTH YT A w++) € 0o
= (x+ \% (3: Ay +) Y (y+ A x++)) = (x+,x+ \% y+) O1010
(by Definition 1(2))
and (y" v (2" AYTT) T V(T ART)) = (@ vy TyT) € G
= (x+,y+) S 0[0}9
S (@) € .

(xANk),ytTV(yAk) = (et y )V (e ARy AK) € O Then 6 C 9. For

Now, (zt*,y**) € Oy and (z Ak,y Ak) € Opjp imply that (z,y) = (zt+V
y) € Ojgj9- Then (z Ak, y A k) € 9. Since x Ak, y Ak € [0]0),

the converse, let (z,
then (z A k,y A k) € 0.
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Now, we prove that (z*+,y*") € 6 for all (z,y) € O

(z,y) € O
= (m+, +) € O
= (et Aatt oyt Aath) @t Ayt gt Ayt € 0
= (O,y+ A x++) (w+ A y++,0) € o) as gt Azt =0,y Ayt =0
=t Ayt gyt Azt €]0]0
= (et Ayt oyt Aatt) € [0]6
= @tV (@t Ayt 2ty (At (Y @Ayt Lty (gt aath)) €6
(x (x Vy ) (er Vx++)) , ((gfL \/x+) A (er \/y++) ,y+) €l
(by Definition 1(2))
= (at, 27 \/y ). (zt vyT,y") €6 (by Definition 8)
= (z"y") €
= (z ++ ++) [0]6.

Now, (zt+,y*™t) € 0 and (x A k,y A k) € [0]0 imply that (x,y) = (zTF,y )
V(x Ak,y Ak) € 6. Therefore Ojg9 C 0 and 6 = 0g)¢. [ ]

According to Theorem 30 and Theorem 31, we observe that there is a one
to one correspondence between the elements of the lattice I (L) of all k-ideals of
a CRD-Stone algebra L and the elements of the lattice Con; (L) of all k-{T}-
congruences of L. In fact, this deduces that the lattices Iy(L) and Con; (L) are
isomorphic and hence the lattice C’on;(L) is a distributive lattice.

Theorem 32. Let L be a CRD-Stone algebra. Then the lattices I;,(L) and
Conj (L) are isomorphic and hence Conj (L) is a distributive lattice.

Proof. Define a map h: I(L) — Con} (L) by h(I) = 6y, for all I € I(L).
From Theorem 30, for I,J € I(L), we have
h(IVJ)=0;Vl;= 9([\/]) =h(I) Vv h(J),
h(INJ)=01N0;=01ns = h(I)Nh(J]),

W(D(L)) = b5 =¥+,
h(L) =0y = V.

Then h is (0,1)-lattice homomorphism. Let h(I) = h(J). Then 6; = 6; implies
I = J. Thus h is an injective map. For each 6 € Con; (L), by Theorem 31(2),
we have 0 = 01 for some I € I;(L). Then h(I) = 0; = 6 implies that h is a
surjective. Therefore, h is an isomorphism and hence I (L) and Con; (L) are
isomorphic lattices. Since I;(L) is a distributive lattice (see Theorem 16), then
also, Conjf (L) a distributive lattice. |
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6. PRINCIPAL k-{'}-CONGRUENCES ON A CRD-STONE ALGEBRA

In this section, we describe the principal k-{*}-congruences on a C RD-Stone
algebra L which are induced by the principal k-ideals of L. Also, we describe the
algebraic structure of the class Con} (L) all principal k-{T}-ideals of L.

Proposition 33. Let L be a CRD-Stone algebra L and I = (x)V. Then 6 ,)v
s given as follows

Ouyw = {(a,b) e Lx L:aVaVk=0bVaVk} and Ker 0,9 = (x)V.
Proof. Let I = (z)V. Then

0r =09 = {(a,b) e LxL:aViVvk=>bViVk, for someie (z)V},
Let (a,b) € ;. Since I = (z)V, thusaViVk=>bViVk, for some i € (z)V and

hence att v itT = bt vitT. Since i € (z)V, then it <zt Vv k and we have
i < gt

aVaVk=(a""V(@Ak)V(@tTVv(@Ak)VEk (by Lemma 7(2))
= (@t V(ank)vaTt v ((zAk)VE)
=@t Vv(enk)vatt vk (by Definition 1(2))
vttt v ((ank) V)

a
=attvattvik (by Definition 1(2))
=bTtvattvik
=btvattv@Ak)vV(bAk)VE
=TT VOAR)V(ETTV(eAR)VE
=bVvVzVk.

Then, we have (a,b) € 0,y if and only if aVa Vk=bVzVk and hence 0,y =
{(a,b) e Lx L:aVaVk=0bVaxVk} From Theorem 28, Ker 0,y = (z)V.

Definition 19. A k-{*}-congruence § on a CRD-Stone algebra L is called a
principal k-{T }-congruence if 6 is a principal {*}-congruence on L.

Proposition 34. For any element x of a CRD-Stone algebra L, define (0, z++
V k) on L as follows

00,27 VEk)={(a,b) e Lx L:aVattVk=bvattVvk}.

Then 6(0, 271V k) is a principal k-{* }-congruence on L and Ker (0,27t Vk) =
(xtt VK] = (2)V.
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Proof. 1t is known that (0,1 V k) is a principal lattice congruence on L (see
Theorem 9(3)).

Let (a,b) € 6(0,z%" V k). Then, we get

avattvk=bvattvik

=at Azt ART =0T Azt AKT

=a Azt =bTAxt as kT =1

= (at Aat)v(@TtvEk)= 0T AxT) Vv (2t VE)

= (atvattVvi)A(@TvatTvE) =BT vatT VE)A (@t vzt vE)

=a"Vvattvk=bTvatTvkasazt vt =1
Then (a™,b%) € (0,2 v k). Thus 6(0,z7" V k) a principal {*}-congruence
on L. Since 0V ™t VEk =kVatt vk, then (0,k) € 0(0,27F VvV k). Then

k € Ker 0(0,z71 V k) and hence 0 is a principal k-{* }-congruence on L.
Now, for every for all x € L, we prove Ker (0,27 V k) = (271 V k]

Ker 0(0,27tVEk)={yeL:(0,y) €0(0,2 " Vk)}
= {yEL:x++\/k::y\/x++\/k}
:{yEL:y§x++\/k‘}
= (z7F VK
= (2)V. ]
Theorem 35. Let x be an element of a CRD-Stone algebra L. Then
9(0,$++ V k?) == H(I)v
Proof. Let (a,b) € 0(0,z%+ V k). Then
aVattvik=bvattvk=avattvavk=bvattvaVvk

=saVaxVk=bVzVk
= (a, b) S H(I)v

Thus 6(0,2%% V k) C 6,)v. Conversely, let (a,b) € 0,)v. Then we get

aVeVk=bVzVk

=aV (@t V(@Ak)Vavk=bV (z™t VvV (zAk))VzVk (by Lemma 7(2))
=aVztTV((@Ak)VE)=bVaTt Vv ((x Ak)VE) (by Definition 1(2))
=aVvattvk=bvatt vk

= (a,b) € 0(0,27T V k).

Then 0,y € 0(0,27" V k) and hence 0,y = 6(0,27 V k). |
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Corollary 36. Let L be a CRD-Stone algebra. Then
Ker 0,)v = Ker 00,z VEk)=(ztT VEk|l=(z)V.

A charclerization of a principle k-{*}-congruence on a C RD-Stone algebra
L is given in the following two theorems.

Theorem 37. Let 0 be a principle {* }-congruence of L. Then 0(0,a) is principle
k-{*}-congruence if and only if k < a.

Proof. 1f 6 is a principle k-{* }-congruence, then k € Ker 6(0,a) implies (k,0) €
0(0,a) and hence kVa =0V a = a. Thus k < a. Conversely, let k < a and 6(0, a)
is a principal k-{*}-congruence. Then (k,0) € 6(0,a). Since k € Ker 6(0,a),
thus 6(0,a) is a k-{* }-congruence on L. ]

Theorem 38. Let 0(0,a) be principle k-{*}-congruence on L. Then 6(0,a) =
O(ayv if and only if k < a.
Proof. Let 6(a,b) be a k-{*}-congruence on L and 6(0,a) = 6,

0(0,a) = 0(a)v = k € Ker 0(0,a) = Ker 0(a)v
= (k,0) = 0(0,a)
=kVa=0Va=a
=k <a.

Conversely, let k < a and (x,y) € 6(0,a)

(x,y) € 0(0,a) =>2xVa=yVa
=zVaVk=yVaVk
= (Z’,y) S Q(Q)v.
Then 0(0,a) C 0(,yv. Let (z,y) € 04)v. Then we have

(z,y) €byyv =>axVaVk=yVaVk
=zxVa=yVa
= (x,y) € 0(0,a).
Then 6,)v C 0(0,a) and hence 0,y = 0(0,a). ]

Corollary 39. FEvery principle k-{*}-congruence 6(0,a) on C RD-Stone algebra
L can be expressed as 0(0,att V k).

Let Conj (L) = {Q(x)v tT € L} be the class of all principal k-{™ }-congerences
which are induced by the principal k-ideals of L. Theorem 40 shows that the class
Con? (L) forms a Boolean ring which is isomorphic to the Boolean ring I} (L).
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Theorem 40. Let L be a CRD-Stone algebra. Then (Cony(L); ©,®,001)v,00)v)
forms a Boolean ring, where

Oy ©0y)v = 00)v 4o

Oyv ©01)v = 0w)ew)v.

Moreover, Con} (L) and I} (L) are isomorphic Boolean rings.

Proof. According to Theorem 23, (IY(L);+,e,(0)V,(1)V) is a Boolean ring.
Consequently, for any Q(I)V , e(y)v,a(z)v € C’onkv (L), we use the properties of the
ring (III:(L), +, o) to show the following properties.

(i) The associativity of & and ©.

Oa)v @ {%)v ® %W} = O@)v D O)vi(o)v
= @)y +{m)v+()v}
= 0{(m)v+(y)V}+(z)V by associativity of +
=0y 1(y)v DO)v
= {%)v @ 9<y>v} ® 0,
and
Oa)yv © {%)v © 9<z>v} = 0a)v ©0y)ve(s)v
= O@)ve{@)ve(z)v}
= 0{(x)V.(y)V}.(z)V by associativity of e

= 0)vey)v ©Oz)v
= {%)v © %w} © 09

(i) The additive identity and the multiplicative identity in Conj (L) are 6;)v
and 0 g)v, respectively.

(iii) The commutativity of & and ©.
Owye © 09 = Oa)v+()v
= 0(y)v+(x)v & + is commutative in I} (L)
=0y © b9,
Owrv © 0w = yveryv
= 0(y)ve(z)v as @ is commutative in I}'(L)

= (v O b(z)v-
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(iv) The additive inverse of 0,y is 0,y itself.
(v) The distributive law holds as

O(a)v © {%)V ® HW} Oa)v © 01191 (z)v)

= 9(m>v-{<y>v+(z>v}
= 9{(x)v.(y)v}+{(m)v.(z)v} by distributivity of I} (L)

= {707} D V(@) 0(2)7}
= {%)v © 9<y>v} ® {H(mw © %W} :

.. 2
(Vi) [Baye]” = Oy © Oy = Oayveqeyv = bayv-
Therefore (Cony(L); ®,®,0(1)v,0(p)v) is a Boolean ring. It is observed that the
two rings I} (L) and Conf (L) are isomorphic under the isomorphism (z)V
02w - u
(z)v

Combining the above Theorem 40 and Corollary 24, we will investigate the
following interesting result.

Corollary 41. Let (Con} (L); ®, ®, 01yv,0(0)v) be the Boolean ring of all princi-
pal k-{T}-congerences on a CRD-Stone algebra L. Then (Con} (L);V, ﬂ,’,G(l)v,
0(0yv) s a Boolean algebra, where

Oy VOiy)v = Olavy)vs
Owyv NOyyv = Oany)vs
—9

@)v = Yat)v.

Example 42. Consider the C RD-Stone algebra Sg as in Figure 1. The principal
k-{T }-congerences of Sy are gives as follows

6(0,0) = 0(0,¢) = 0(0,d) = 6(0,k) = AL,
0(0,a) =0(0,z) = {{0,d, ¢, k,a,z},{b,y,1}},
0(0,b) = 0(0,y) = {{0,d,c,k,b,y},{a,xz,1}},
6(0,1) = vr.

Then the following two tables show that (Con? (L); @, ®) is a Boolean ring, where
CODk( ) —{9(0,0),9(0,&),9( ) ( )} { V79(a V79(b Va V}

Figure 4 shows that (Con (L) and I} (L) are isomorphic Boolean algebras.
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& 6(0,0)| 6(0,a)| 6(0,b)| 6(0,1)] | ® 6(0,0)| 6(0,a)| 6(0,b)| 6(0,1)

6(0,0)| 6(0,0)| 6(0,a) 6(0,6)| 6(0,1)| | 6(0,0)| 6(0,0)| 6(0,0)| 6(0,0)| 6(0,0)

6(0,a) 6(0,a)| 6(0,0) 6(0,1)] 8(0,b)| | 6(0,a)| 6(0,0)| 6(0,a)| 6(0,0)| 6(0,a)

6(0,b)| 6(0,b)| 6(0,1)| 6(0,0) 6(0,a) | 6(0,b)| 6(0,0)| 6(0,0)| 6(0,b)| 6(0,b)

0(0,1) 6(0,1) 6(0,5)| (0, a)| 6(0,0)| | 6(0,1) 6(0,0)| 6(0,a) 6(0,)| 6(0,1)

8(0,1) (0¥
0(0, a) 8(0.b) ()7 (b)Y
Com(L) ()

Figure 4. Con} (L) and I} (L) are isomorphic Boolean algebras.

Acknowledgement

The authors would like to thank the editor and referees for their valuable sugges-
tions and comments which improved the presentation of this article.

REFERENCES

[1] A. Badawy, Extensions of the Glivenko-type congruences on a Stone lattice, Math.
Meth. Appl. Sci. 41 (2018) 5719-5732.
https://doi.org/10.1002/mma.4492

[2] A. Badawy, Characterization of congruence lattices of principal p-algebras, Math.
Slovaca 67 (2017) 803-810.
https://doi.org/10.1515/ms-2017-0011

[3] A. Badawy, Construction of a core reqular MS-algebra, Filomate 34(1) (2020)
35-50.
https://doi.org/10.2298 /FIL2001035B


https://doi.org/10.1002/mma.4492
https://doi.org/10.1515/ms-2017-0011
https://doi.org/10.2298/FIL2001035B

k-IDEALS AND k-{*}-CONGRUENCES OF CORE REGULAR DOUBLE STONE ... 99

[4]

[18]

A. Badawy, Congruences and de Morgan filters of decomposable M S-algebras,
South. Asian Bull. Math. 34 (2019) 13-25.

A. Badawy and M. Atallah, Boolean filters of principal p-algebras, Int. J. Math.
Comput. 26 (2015) 0974-5718.

A. Badawy and E. Gomaa, k-Iters and k-{x}-congruences of core regular double
Stone algebras, Soft Computing 28 (2024) 10085-10097.

A. Badawy and M. Atallah, M S-intervals of an M S-algebra, Hacettepe J. Math.
Stat. 48(5) (2019) 1479-1487.
https://doi.org/10.15672/HIMS.2018.590

A. Badawy, K. El-Saady and E. Abd El-Baset, d-ideals of p-algebras, Soft Comput-
ing 28 (2024) 4715-4724.
https://doi.org/10.1007 /s00500-023-09308-0

A. Badawy and A. Helmy, Permutabitity of principal M S-algebras, AIMS Math.
8(9) (2023) 19857-19875.
https://doi.org/10.3934 /math.20231012

A. Badawy, S. Hussen and A. Gaber, Quadruple construction of decomposable double
M S-algebras, Math. Slovaca 70(5) (2019) 1041-1056.
https://doi.org/10.1515/ms-2017-0412

A. Badawy and KP. Shum, Congruences and Boolean filters of quasimodular p-
algebras, Discuss. Math. General Alg. and Appl. 34(1) (2014) 109-123.
https://doi.org/10.7151 /dmgaa.1212

A. Badawy and KP. Shum, Congruence pairs of principal p-algebras, Math. Slovaca
67 (2017) 263-270.
https://doi.org/10.1515/ms-2016-0265

G. Birkhoff, Lattice Theory, American Mathematics Society, Colloquium Publica-
tions 25 (New York, 1967).
https://doi.org/10.2307 /2268183

R. Balbes and A. Horn, Stone lattices, Duke Math. J. 37 (1970) 537-543.
https:/ /doi.org/10.1215,/S0012-7094-70-03768-3

T.S. Blyth, Lattices and ordered Algebric Structures (Springer-Verlag, London Lim-
ited, 2005).

M. Sambasiva Rao and A. Badawy, Normal ideals of pseudocplemented distributive
lattices, Chamchuri J. Math. 9 (2017) 61-73.
www.math.sc.chula.ac.th/cjm

M. Sambasiva Rao and A. Badawy, Filters of lattices with respect to a congruence,
Discuss. Math. General Alg. and Appl. 34 (2014) 213-219.
https://doi.org/10.7151/dmgaa.1223

S. Burris and H.P. Sankappanavar, A Course Universal Algebra 78 (Springer, 1981).


https://doi.org/10.15672/HJMS.2018.590
https://doi.org/10.1007/s00500-023-09308-0
https://doi.org/10.3934/math.20231012
https://doi.org/10.1515/ms-2017-0412
https://doi.org/10.7151/dmgaa.1212
https://doi.org/10.1515/ms-2016-0265
https://doi.org/10.2307/2268183
https://doi.org/10.1215/S0012-7094-70-03768-3
https://doi.org/10.7151/dmgaa.1223

100

[19]

[20]

21]

S. EL-ASssAR, A. BADAwY, T. EL-SHEIKH AND E. GoMAA

C.C. Chen and G. Grétzer, Stone lattices 1. Construction Theorems, Can. J. Math.
21 (1969) 884-894.
https://doi.org/10.4153 /CIM-1969-096-5

C.C. Chen and G. Grétzer, Stone lattices 1I: Structure Theorems, Can. J. Math. 21
(1969) 895-903.

D.J. Clouse, Exploring Core Regular Double Stone Algebras, CRDSA, II. Moving
Towards Duality (Cornell University, 2018).
https://doi.org/10.48550 /arXiv.1803.09338

S.D. Comer, Perfect extensions of regular double Stone algebras, Algebra Univ. 34
(1995) 96-109.

O. Frink, Pseudo-complments in semi-lattices, Duke Math. J. 29 (1962) 505-514.
https://doi.org/10.1215/S0012-7094-62-02951-4

G. Grétzer, Lattice Theory: First Concepts and Distributive Lattices, Freeman (San
Francisco, California, 1971).

A. Kumar and S. Kumari, Stone lattices: 3-valued logic and rough sets, Soft Comp.
25 (2021) 12685-12692.
https://doi.org/10.1007 /s00500-021-06068-7

T. Katrinak, Construction of regular double p-algebras, Bull. Soc. Roy. Sci. Liege
43 (1974) 283-290.

T. Katrindk, A new proof of the construction theorem for Stone algebras, Proc.
Aner. Math. Soc. 40 (1973) 75-79.
https://doi.org/10.1090/S0002-9939-1973-0316335-0

R.V.G. Ravi Kumar, M.P.K. Kishore and A.R.J. Srikanth, Core reqular double Stone
algebra, J. Calcutta Math. Soc. 11 (2015) 1-10.

A.R.J. Srikanth and R.V.G. Ravi Kumar, Ideals of core regular double Stone algebra,
Asian Eur. J. Math. 11(6) (2018) 1-14.
https://doi.org/10.1142/S1793557118500833

A.R.J. Srikanth and R.V.G. Ravi Kumar, Centre of core regular double Stone alge-
bra, Eur. J. Pure Appl. Math. 10(4) (2017) 717-729.

J. Varlet, A regular variety of type (2,2,1,1,0,0), Algebra Univ. 2 (1972) 218-223.
https://doi.org/10.1007 /BF02945029

J. Varlet, On characterization of Stone lattices, Acta Sci. Math. Szeged 27 (1966)
81-84.

Q. Zhang, X. MA, C. Zhao, W. Chen and J. Qu, Double Stone algebras ideal and
congruence ideal, China Institute of Communications (2018) 277-280.

Received 15 August 2023
Revised 28 February 2024
Accepted 28 February 2024

This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License https://creativecommons.org/licenses/by/4.0/


https://doi.org/10.4153/CJM-1969-096-5
https://doi.org/10.48550/arXiv.1803.09338
https://doi.org/10.1215/S0012-7094-62-02951-4
https://doi.org/10.1007/s00500-021-06068-7
https://doi.org/10.1090/S0002-9939-1973-0316335-0
https://doi.org/10.1142/S1793557118500833
https://doi.org/10.1007/BF02945029
https://creativecommons.org/licenses/by/4.0/
http://www.tcpdf.org

