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Abstract

In this paper, we initiate the discourse on the properties that hold in an
almost semi-Heyting algebra but not in an semi-Heyting almost distributive
lattice. We establish an equivalent condition for an almost semi-Heyting
algebra to become a Stone almost distributive lattice. Moreover a glance
about dense elements in an almost semi-Heyting algebra followed by study
of some algebraic properties on them. Finally, we perceive that the kernel
of homomorphism is equal to the dense element set.
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1. INTRODUCTION

An algebra by the name almost distributive lattice [15] was introduced by Swamy
and Rao in 1980 which includes almost all the existing ring theoretic and lattice
theoretic generalizations of a Boolean ring (algebra) (complemented distributive
lattice) like regular rings [18], p-rings [3], bi-regular rings [1], associate rings
[14], p1-rings [17], triple systems [13], etc. Many concepts in distributive lattices
were extended to the class of almost distributive lattices through its principal
ideals which froms a distributive lattice with the zero element, such as semi-
Heyting almost distributive lattice [4] which is a generalization of a semi-Heyting
algebra an abstraction of Heyting algebra [10]. Heyting algebra [11] was first
investigated by Skolem in 1920 and was named after the Dutch Mathematician
Heyting in 1930. Later it was introduced by Birkhoff [2] under a different name
Brouwerian lattice and it was developed by Curry in 1963. Sankappanavar has
given a set of new axioms for Heyting algebra [10] in 1984. On the basis of these
axioms an algebra named almost semi-Heyting algebra [5] was introduced by Rao,
Ratnamani and Shum in 2015 as a generalization of a Heyting algebra.

In this paper mainly we lead on the properties that are satisfied in an almost
semi-Heyting algebra but not in an semi-Heyting almost distributive lattice. We
obtain an equivalent condition for an almost semi-Heyting algebra to be a Stone
almost distributive lattice [16]. Further we carry out with the behavior of dense
elements in an almost semi-Heyting algebra, proving some properties on them.
We conclude this paper by showing that the kernel of homomorphism is equal to
the dense element set, here homomorphism is defined from almost semi-Heyting
algebra to the set of closed elements of it.

2. PRELIMINARIES

Let us recall that the notion of almost dsitributive lattices, almost semi-Heyting
algebras and certain necessary results which are required in the sequel.

Definition [15]. An algebra (L,V,A,0) of type (2,2,0) is called an almost dis-
tributive lattice (abbreviated: ADL) if it satisfies the following:
(i) zv0==x
(i) 0Az =0
) (xVy)Az=(xA2)V(yAz)
(iv) A (yVz)=(xAy)V(zAz)
(V) zV(yAz)=(zVy Az V2)
(Vi) (@Vy)Ay=y
for all x,y,z € L.

(ii

= (
= (
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Example 1 [15]. Let L be a non-empty set. Fix xo € L. For any z,y € L.
Define x Ny =y, cVy =z if ¢ # x9, 2o Ay = 29 and 2o Vy = y. Then
(L,V,A,x0) is an ADL and it is called as discrete ADL.

Through out this paper L stands for an ADL (L, V,A,0) unless otherwise
specified. Given x,y € L, we say that z is less than or equal to y if and only if
x = x Ay; or equivalently = V y = y, and it is denoted by z < y. Hence < is a
partial ordering on L. An element m € L is said to maximal if for any x € L,
m < z implies m = .

Lemma 2 [15]. For any a,b,c € L, we have
(i) avb=a<aANb=a
(ii) avb=bsaNb=a
(iii) aANb=0bAa=a whenever a <b
(iv) A associative
(v) anbAc=bAaAc
(vi) (avb)Ac=(bVa)Ac
(vii) aAb<banda<aVb
(viii) aANa=a and aVa=a
(ix) aAN0=0and0Va=a
(x) ifa<candb<c, thenaNb=bAa andaVb=>bVa.

Theorem 3 [15]. For any m € L, the following are equivalent to each other:

(1) m is a maximal element

(2) mVaz=m, forallz € L

(3) mAzxz ==, forall x € L.

A uninary operation * on L is said to be a pseudo-complementation [17] if

for any x € L, there exists * € L such that

(i) zAz*=0

(ii) foranyy e L,x Ay=0=2"ANy=y

(iii) for any =,y € L, (z Vy)* = z* A y*.

Definition [16]. L with a pseudo-complementation * is said to be a Stone almost
distributive lattice if, for any x € L, z* vV z** = 0.

Definition [4]. L with a maximal element m is said to be a semi-Heyting almost
distributive lattice (abbreviated: SHADL), if there exists a binary operation —
on L such that
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(i) (x—=>z)Am=m

(ii)) xkAm—=>yAm=(x—y)Am
(iii) zA (z—y)=xAyAm

(iv) A (y—2)=xzA(z ANy = xA2)
for all z,y,z € L.

Lemma 4 [4]. If L is a semi-Heyting almost distributive lattice with a maximal
element m, then for any a,b,c,d,x € L, we have

(i) m—a=aAm

(ii) anbAmM<a—b

(iii) (a—=b)Am<(a—aAb)Am

(iv) aAm<Ja— (b—>aAb)]Am

(v) (a—=b)Ac=(aNc—bAc)Ac

(vi) [(anb) = (eAd)]ANz=[bAa)—= (dNc)] Az

3. CHARACTERIZATION OF ALMOST SEMI-HEYTING ALGEBRA

In this section we derive some fundamental algebraic properties that hold in
an almost semi-Heyting algebra but not in an semi-Heyting almost distributive
lattice. We obtain an equivalent condition for an almost semi-Heyting algebra
to become a stone almost distributive lattice. We study the behavior of dense
elements in an almost semi-Heyting algebra analogous to those given in an semi-
Heyting almost distributive lattice also prove some properties on it.

Definition [5]. L with a maximal element m is said to be an almost semi-Heyting
algebra (abbreviated: ASHA), if there exists a binary operation — on L such that

(i) ([anb) = b Am=m

(ii)) aN(a—=b)Am=aAbAm

(iii) an(b—=c)Am=aA[(aAb) = (aNc)Am
(iv) (a—=bd)Am=(aAm—=bAm)Am
for all a,b,c € L.

Theorem 5 [5]|. Let L be an almost semi-Heyting algebra with a mazimal element
m and a,b,c € L. Then

(i) (@a—=a)Am=m

(ii)) (m—a)Am=aAm
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(a—=b)Am<bAm
(anb—=c)Am=aA(b—c)Am
(@a—b)Ab=b

(iii) a A
(iv) an

(v

(vi) aAm<bAm=0b—-c)Am<(a—c)Am

[(a\/b)—>c]/\m:(a—>c)/\(b—>c)/\m
[a—= (bA)AMm=(a—=b)A(a—c)Am
(x /\m<(a—>b)/\m<:>a/\c/\m§b/\m
(xi) aAbAmM < (a— b) Am.

(viii

)
)
)
)
(vii) aAnm <bAm=(c—a)Am<(c—=b)Am
)
(ix)
)
)

Given an element a in an almost semi Heyting algebra L, let us denote
a*=(a—0)Am

Definition. An element a in an almost semi-Heyting algebra L, is said to be a
closed element if a** = a. We denote the set of closed elements of L by C.

Lemma 6. If L is an almost semi-Heyting algebra, then for any a,b € L with

a* = (a — 0) A'm, the following hold:

(11 a§bz>b*§a*,a**§b**

Here first we discuss some properties that hold in an almost semi-Heyting
algebra but not in an semi-Heyting almost distributive lattice.

Theorem 7. If L is an ASHA with a mazimal element m, then for any a,b € L,
we have the following:

i) anm<bAm=(a—bAm=m

(ii) (@ - m) Am=m.

Proof. Let a,b € L. Then
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(i) anm<bAm = (aAm—aAm)Am<(aAm—>bAm)Am
(by Theorem 3.2(vii))
= (a—a)Am<(a—b)Am
=m<(a—bAm
Therefore (a — b) Am =m.
(ii)) (a—=m)Am=mA(a—m)Am
= (m—=>m)A(a—m)Am
=[(mVa)—=m]Am (by Theorem 3.2(viii))
= (m—m)Am=m.

Thereofore (a — m) Am =m. ]

Remark 8. The properties in Theorem 3.5 are not hold in an SHADL. For see
the following example.

Example 9. Let L = {0,a,m} be the three element chain. Define a binary
operation — on L as follows

~AEEISIN]
OOSO
33|23

a
0
m
a

Then (L,V,A,—,0,m) is an SHADL but not an ASHA (because [(0 A m) —
m] Am # m). For (i), it is clear that 0 Am < a Am but (0 — a) A m # m. For
(ii), if we take a = 0, then (@ — m) A m # m.

Remark 10. The converse of (x) in Theorem 3.2, does not hold in an SHADL.
In Example 3.7, if we take a = 0,0 = a and ¢ = m, then clearly a Ac A m <
b Am(0 < a) but cAm £ (a — b) A mthat is m £ 0).

In this context, we derive some properties that hold in an ASHA but not in
an SHADL.

Theorem 11. If L is an ASHA, then for any a,b,c € L, we have the following:
(i) bAm<(a—=b)Am

(ii) [a = (aAD)]AmM=(a—b)Am

(iii) aNbAmM=aAcAm=(a—b)Am=(a—c)\m

(iv) aAm <[(a—b) = b Am
V) arnm<(b—=c)AmsbAm<(a—c)Am

)

(vi) a—= (b—=c)]Am=[aAb) = cAm
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(vii) [(a Ab) = cJAm=[bAa)—c]Am
(viii) [a—= (b—=c)]Am=[b— (a—c)]Am
(ix) aAm<[a— (b= (aNb)]Am

Proof. Let a,b,c € L. Then
HoAmA(a—=b)Am=(a—=b)AbAmMm=>bAm.
(i) [a = (aAD)]Am=[(a = a) A(a—b)]Am = (a — b) Am.
(iii) Suppose that a AbAm =aAcAm. Then [a = (a AbAmM)|Am = [a —

(a A ¢ Am)] Am. Therefore (a — b) A(a - m)Am = (a — c)A(a— m)Am
(by Theorem 3.2(ix)). Hence (a — b) Am = (a — ¢) A'm (by Theorem 3.2(v).

(vi) We know that aA(a — b)Am = aAbAm < bAm. Then (a — b)AaAm <
b Am. Therefore a A m < [(a — b) — b] Am (by Theorem 3.2(x)).

(v) Assume that aAm < (b —c¢) Am. ThenbAaAm <bA(b—c)Am=
bAcAm < cAm. Therefore bAm < (a — ¢) Am (by Theorem 3.2(x)). Similarly,
we can prove that bAm < (a = c)Am=aAm < (b—c) Am.

(vi) We know that a AbA[(a Ab) = cJ]Am=aAbAcAm.
Now, [b = {aAbDA[(aAD) = c]}]Am=[b— (bAaAc)Am
b—={aNn(anb) =} ]Am=[b— (aNc) Am (by (ii))
b — {aA[(andb) — c|}A[aA[(anb) = c]Am = [b — (aAc)|A[aA[(anb) — c]Am
[(@anb) = cJAm <[b— (aAc))Am (by Theorem 3.2(v))
[(@anb) = c]JAm < (b—c)Am (by Theorem 3.2(ix)).
Terefore [a Ab) — cJAm < [a — (b— c)] Am (by Theorem 3.2(x)).
On the other hand, a AbAJa = (b = )] Am =bAaA(b—c)Am=
aANbAcAm < cAm. Therefore [a — (b — ¢)] Am < [(a Ab) = ] Am (by
Theorem 3.2(x)). Hence [(a Ab) = c]Am =[a— (b — c)] Am.

(vii) It is trivial.

= [
= [
= [an
= [aA

(viii) Follows from (vi) and (vii).

(ix) Consider aAja — (b — (aAb)|Am=aA[a—[aN(b— (aND))]Am =
aNfa—=]aN((aAb) = (aAb)]Am=aA]a— aAm]Am=aAm. Therefore
aAm<[a— (b— (a Ab)] Am. ]

Theorem 12. Let L be an ASHA. Then for a,b € L, the following are equivalent
to each other.
(i) (a=bAm=m
(i) aAm<bAm
(iii) (a = b)Am=m
(iv) (a—= (bAM))Am=m
(V) aANbAmM=aAm.
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Proof. (i)=(ii) Suppose that (a — b) Am =m. Then a A (a — b) Am =a A m.
Therefore a AbAm = a A m and hence a Am < bAm.

(ii)=(iii) Suppose that aAm < bAm. Then (aAm — aAm)Am < (aAm —
b A m) A m. Therefore (a — a) Am < (a — b) Am and hence m < (a — b) A m.
Thus (a — b) Am = m.

(iii)=(iv) Suppose that (a — b) A m = m. Then

= (aAm—=bAm)Am

[(@aAm)— b Al(aAm)— m]Am (by Theorem 3.2(ix))
[(a Am) — b Am (by Theorem 3.2(v))
=la— (m—=>b]Am (by Theorem 3.9(vi))
{ ( (if)

(bAm) Am by Theorem 3.2(ii))
aAhm— (bAmAmM)|Am=I[a— (bAm)] Am.

(iv)=-(v) Suppose that (a — (bAm))Am =m. Then aA(a — (bAm))Am =
aAm=a/ANbAmAm=aAm. Therefore a A\ bAmAmANa=aAmAa. Hence
aANbAM=aAm.

(v)=(i) Suppose that a Ab A m =a A m. Then

(@a—=b)Am =mA(a—b)Am

(b—=b)A(a—b)Am

[(bVa)— b Am (by Theorem 3.2(viii))
[[(bV (bAa) — b Am

(b —b) Am =m.

We observe that * is a pseudo-complementation on an almost semi-Heyting
algebra, here we prove an equivalent condition for an ASHA to become a Stone
almost distributive lattice.

Theorem 13. If L is an ASHA, then L is a Stone almost distributive lattice if
and only if (a* — b) Am < (a*V b) Am, for all a,b € L.

Proof. Suppose that L is a stone ADL and a,b € L. Then

(@ —=b)Am = mA (& —=b) Am

(a* \/a YA (@ —=b)Am

[[(@ A (a™ = b)]V [(a™ A (a™ = b)]] Am
[(@** Ab)V [a* A (a* = D)]] Am

[(a™ AD)Va*] A[(a™ AD)V (a™ = b)]] Am
ga Va*) A (a* Vb)A[(a™* AD)V (a* — b)] A
(a”

a*Vb)A (a **—)b)/\m[Slncexa/\b/\m<(a—>b)/\m]

< (a*Vb) Am.
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Therefore (a** — b) Am < (a* Vb) A m. On the other hand, replacing b in the
above by a**, we get that m = (a™ — ™) Am < (a* V a**) Am < m. Therefore
a* VvV a™ = 0" and hence L is a stone ADL. [ ]

In the following we define dense elements in an almost semi-Heyting algebra.

Definition. An element ¢ in an almost semi-Heyting algebra L, is said to be a
dense element if a* = 0. We denote the set of all dense elements of L by Dy.

Remark 14. 1. Every maximal element is a dense element.
2. If @ and b are dense then a — b is not dense ((a — b)* # a* — b*). For
see the following example.

Example 15. Let L = {0, a,b,c,m} whose Hasse-diagram is

m

0

in which the binary operation — is defined as follows

SOO‘Q OJ/
je) Renjl i} @‘30

999339

HEIEIEIELE
SIS |E|E|S

Then (L,V,A,—,0,m) is an ASHA. Here ¢ and m are dense elements. Now
(c—=m)*=m*=0and ¢* - m"=0— 0=m. Hence ((¢c > m)* # c* — m*).
Lemma 16. If L is an ASHA and a,b € L, then we have the following:
(i) ae Dg iff a™* =m.
(ii) If a is dense, then (a — b)* = b*.
(iii) If a and b are dense elements in L, then a — b is also dense.
)

(iv) (0 = m)Am =0 if and only if (0 — a) Am < a* for all a € L.
In particular, (0 — m)Am =0 if and only if (0 — a) Am =0 for all dense
elements a of L.



240 V.V.V.S.S.P.S. SRIKANTH, M.V. RATNAMANI AND S. RAMESH

(v) (aVvVa*) Am < (a— a*™*)Am. Hence (a — a**) € Dy.
(vi) If a is dense or if a* < b*, then (a — b*) Am < b*.
(vii) Ifa € L,x € Dr, then (a — z) € Dp.

Proof. For a,be L

(i) a € Dp, = a* = 0 = a* = m. On the other hand, if ™ =m = a* =
a** =m*=0=a€ Dy.

(i) a is dense = a* = 0 = a** = 0* = m. Therefore (a — b)*™* = m A (a —
b)** = a™ A (a — b)*™ = a™ ANV™ = m AV = b™* and hence (a — b)* = (a —
b)*** — b*** — b*.

(iii) Suppose a and b are dense elements of L. Then (a — b)** = a** A (a —
b)** = a™ Ab*™ =m ( since a** A (a — b)* = a™* A b**. Therefore a — b is also
a dense element of L.

(iv) 0=>m)Am=0=aAN(0—>m)Am=0=aA(0— (aAm)) Am=
0=aAN(0—=a)Am=0= (0 = a) Am < a*. Conversely, assume that
(0 = a) Am < a* for all a € L. When a = m, we get (0 — m) Am < m* =0.

If a is dense element of L then a* = 0 and hence the result follows.

(v) Consider (aVa*)A(a — a™)Am = [aA(a = a™)|]V][a*A(a = a™)|Am =
(aAm)V (a* Am) = (aV a*) Am. Therefore, (aVa*) Am < (a — a™*) Am.

Since a V a* € Dy, we get a — o™ € Dp.

(vi) We know that, b A (a — b*) Am =bAa*. If a is dense then bAa* =0 or
if a* < b*, then bAa* =0. Thus bA (a — b*) Am = 0. Hence (a — b*) Am < b*.

(vii) From (i) of Theorem 3.9, we have x Am < (a — x) A m. From (ii)
of Theorem 3.4, it follows that (z A m)** < [(a — z) A m]**. Therefore m =
r** < (a — )™, clearly (a — )™ = m. From (vi) of Lemma 3.4., it follows that
(a — x)* = 0. Hence (a — x) € Dp. |

In the following we derive some results on dense elements of an almost semi
Heyting algebra.

Theorem 17. If (L,V,\,—,0,m) is an ASHA, then for any element a € L there
exists d € Dy, such that a = o™ A d.

Proof. Let d = (aV a*). Then d* = (a V a*)* = a* A a™ = 0. Therefore d € Dy,
and a”* ANd=a*AN(aVa*)=[(a"™ Na)V(a*Na*)]=aV0=a. |

Corollary 18. If (L,V,\,—,0,m) is an ASHA and a,b € L, such that a** = b**.
Then there exists d € Dy, such that aNd =bAd.

Proof. Let a,b € L. Then, by Theorem 3.16, there exists dy,ds € Dy, such that
a=a*Ndy, b =0b" ANdy. Take d = dy AN dy. Then d is a dense element of L.
Now, consider a AdAm =a"* ANdy ANdo Am =b"*Ndi Ados Am =bAdAm and
hence a Ad = b Ad. [ |
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If (L,v,A,—,0,m) and (L', V,A,—,0,m') are two ASHAs. Then a mapping
a : L — L' is said to be a homomorphism of L into L’ if for any a,b € L the
following hold:

(i) aland) =ala (b)
(ii) a(aVbd)=ala (b)
(iii) a(a — b) = a(a) — a(b)
(iv) a(0) =0
Further, if o : L — L’ is a homomorphism, then {z € L/a(x) = m’} is called

the kernel of a and is denoted by kera.

Theorem 19. If (L,V,A,—,0,m) is an ASHA and o : L — L* be defined by
ala) = a** for all a € L and suppose a,b € L. Then

(i)
(ii) a(a Ab) = ala) A a(b)
(iii) a(aVb) = a(a)va(b)

(iv) ker(a) = Dy.

Proof. Let a,b € L.
(i) Assume a < b= a™ <b™* = a(a) < a(b).
) alaAb)=(aANb)*™ =a™ Ab™ = ala) A a(d).
(iii) a(aVb)=(aVb)*™ = (a* Ab*)* =a™*V b*™ = a(a)Va(b).
) Let a € ker(a) = a(a) =m = a*™* =m = a* =0 = a € Dy. Conversely,

assume that « € D, = a* =0 = ™ =m = a(a) = m = a € ker(a).
Hence ker(a) = Dy. n

Theorem 20. If (L,V,A,—,0,m) is an ASHA and o : L — L* be defined by
ala) = a** for all a € L, then o is an epimorphism.

Proof. Let a,b € L. Then

ala —b) = (a — b)**

) A\«
) Va

o 18 1sotone.

o
o

= [(a — b) Am]**
= [(a = b) A (@ = m) Am]*™ (by Theorem 3.5(ii))
= [(a = (bAmM)) A m]** (by Theorem 3.2(ix))
= [(a = (0™ Ad)) A m]** (for some dense elementd € L)
= [(a = V™) A (a — d) Am]**
= (a = ") A (a — d)™ Am*™
= (a = b)) Am (by Lemma 3.15(vii))
= (a™ = b")Am (by Lemma 3.4(vii))
a** — b,

Therefore « is a epimorphism (see Theorem 3.18.) from L onto L*. ]
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Corollary 21. If (L,V,N\,—,0,m) is an ASHA and a is an element of L, then
a is dense if and only if there is an element b of L such that a A m = b** — b.

Proof. Suppose a is a dense element of L. Then ¢ — a =m — a = a Am.
Conversely, assume that a A m = b — b for some b € L. First we show that
b** — b is a dense element. We know that b** A (b** — b) =b"* AbAm=bAm
(by (iii) of Lemma 3.4.).

Consider, b** = (b Am)*™ = [b* A (b* — b)]* = b A (b* — b)**. Therefore
b** < (b** — b)**. Hence from (ii) and (vi) of Lemma 3.4 it follows that (b** —
b)* < b*. Also, from (viii) of Lemma 3.4, b* < (0™ — b) Am = (b** — b)* < b*™*
Therefore (b** — b)* < b* A b** = 0 and hence b** — b is a dense element. Thus
a A'm is a dense element of L and hence a is a dense element of L. [ |
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