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Abstract

Extending the relation between semi-Heyting algebras and semi-Nelson algebras to dually hemimorphic semi-Heyting
algebras, we introduce and study the variety of dually hemimorphic semi-Nelson algebras and some of its subvarieties. In
particular, we prove that the category of dually hemimorphic semi-Heyting algebras is equivalent to the category of dually
hemimorphic centered semi-Nelson algebras. We also study the lattice of congruences of a dually hemimorphic semi-Nelson
algebra through some of its deductive systems.
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1 Introduction

In 1942 ‘modal symmetric propositional calculus’ was introduced by Moisil [13]. It is the extension
of the positive calculus of Hilbert—Bernays obtained by adding as new connective the De Morgan's
negation ', which verifies the two axioms « — «”, a” — « and the following contraposition rule:
ifa — Bthen B’ — «’. In 1980 Monteiro introduced the structure of ‘symmetric Heyting algebras’
[14]. An algebra (4, A, V,—,',0, 1) is said to be a symmetric Heyting algebra if (4, A, v, —,0, 1) is
a Heyting algebra and (4, A, V,’,0,1) is a De Morgan algebra. In the mentioned paper Monteiro
proved an algebraic completeness theorem for the modal symmetric propositional calculus by
showing that the variety of symmetric Heyting algebras is its equivalent semantics. In 1987 this
variety was also studied by Sankappanavar [20], among others.

Later, in 2008, Sankappanavar introduced and studied semi-Heyting algebras as an abstraction
of Heyting algebras [21]. There already exists some literature related to this variety. The papers
that deal with this variety from an algebraic point of view include [1-4, 7, 21] and the papers that
deal with logical approaches include [5, 6, 9]. Then, in 2011, Sankappanavar introduced a variety of
algebras called ‘dually hemimorphic semi-Heyting algebras’ as expansions of semi-Heyting algebras
by a dual hemimorphism, which is a common generalization of De Morgan operation and the dual
pseudocomplementation [19]. This variety was studied logically in a recent work [8].

Nelson algebras were defined by Rasiowa [17]. The class of Nelson algebras, which is a variety,
is the algebraic semantics of the intuitionistic propositional calculus with strong negation introduced
by Nelson [15]. There is a close relationship between Nelson algebras and Heyting algebras, as it
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2 Dually Hemimorphic Semi-Nelson Algebras

was investigated by Vakarelov [24] and Sendlewski [22], among others. This relationship is part
of what is now known as twist structures [12, 16, 18] and date back to [11]. In [10] Cornejo
and Viglizzo extended the twist construction to semi-Heyting algebras obtaining a new variety,
which they called semi-Nelson algebras. They considered semi-Heyting algebras and introduced
semi-Nelson algebras, showing that some of the features of the original constructions between
Heyting algebras and Nelson algebras given by Vakarelov are preserved [24]. More precisely, the
following properties were proved in [10]: (i) if A is a semi-Heyting algebra then we can define a
semi-Nelson algebra, F(A), and if B is a semi-Nelson algebra then we can define a semi-Heyting
algebra, G(B); (ii) if A is a semi-Heyting algebra then there exists an isomorphism between A and
G(F(A)), and if B is a semi-Nelson algebra then B is isomorphic to a subalgebra of F(G(B)). In [10]
the authors also characterized the lattice of congruences of a semi-Nelson algebra and they used it
in order to prove that the variety of semi-Nelson algebras is arithmetical, has equationally definable
principal congruences and has the congruence extension property.

The main goal of this paper is to extend the relation between semi-Heyting algebras and semi-
Nelson algebras [10] in the framework of dually hemimorphic semi-Heyting algebras and some of its
subvarieties [19]. The paper is structured as follows. In Section 2 we recall the definition of the vari-
ety of dually hemimorphic semi-Heyting algebras and some of its subvarieties, as well the relation
between them. In Section 3 we introduce and study the variety of dually hemimorphic semi-Nelson
algebras and some of its subvarieties. In Section 4 we explore the relation between dually hemimor-
phic semi-Heyting algebras and dually hemimorphic semi-Nelson algebras. In particular, we prove
that the category of dually hemimorphic semi-Heyting algebras is equivalent to the category of dually
hemimorphic centered semi-Nelson algebras. In Section 5 we study the lattice of congruences of any
dually hemimorphic semi-Nelson algebra. Finally, in Section 6 we present an alternative construction
of the equivalence for the category of dually hemimorphic centered semi-Heyting algebras.

2 Preliminaries

Throughout this paper we will use the same notation for a class of algebras and its corresponding
(algebraic) category.

DEFINITION 2.1

An algebra (4, A,V,—,0,1) of type (2,2,2,0,0) is a semi-Heyting algebra if (4,A,V,0,1) is a
bounded lattice and the following equations are satisfied:

(El): xA(x>y)=xAY,

(E2): xA@p—>2)=xA[xAY) > xA2)],

(E3): x—>x=1.

We write SH for the variety of semi-Heyting algebras. The underlying lattice of a semi-
Heyting algebra is necessarily distributive, as it is shown in [21]. Semi-Heyting algebras share with
Heyting algebras the following properties: they are pseudocomplemented and their congruences are
determined by the lattice filters. The relationship between the variety of semi-Heyting algebras and
the varieties of Heyting algebras (and its expansions) has been also studied in [1-4, 19]. In [21] it was
proved that Heyting algebras are semi-Heyting algebras, which satisfy the equation (xAy) — x = 1.

Now we give the definition of dually hemimorphic semi-Heyting algebra, which was introduced
by Sankappanavar in [19].

DEFINITION 2.2
An algebra (4,A,V,—,,0,1) of type (2,2,2,1,0,0) is said to be a dually hemimorphic
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Dually Hemimorphic Semi-Nelson Algebras 3

semi-Heyting algebra if (4, A, V,—,0,1) is a semi-Heyting algebra and the following equations
are satisfied:

(E4): 0 =1,

(E5): 1I'=0,

(E6): (xAy) =X Vvy.

We write DHMSH to indicate the variety of dually hemimorphic semi-Heyting algebras.
Let (4, A,Vv,—,,0,1) be an algebra of type (2,2,2,1,0,0). To improve the readability of this
paper we expose the following list of equations:

(E7): (xAy) > x=1
(E8): (xvy) =x Ay
(E9): x" <x
(E10): x" =x
(E11): (xvy)" =x"vy'
(E12): X" =X
(E13): xvx' =1
(E14): xVv(x—>0) =xA@x—> 0
(E15) xV(x— 0)=1
(E16): (xVvy) =x" Ay
(E17): X' Ax" =0.

We also list the following sets formed by the above equations:

S1 ={(E7)}

S2 = {(E8)}

S3 = {(£8), (E9)}

S4 = {(E8), (E10)}

S5 = {(£8), (E10), (E7)}

S6 = {(E11), (E12)}

S7 = {(E9), (E11),(E12)}

S8 = {(£9), (E11),(E12), (E13)}
S9 = {(£9), (E11),(E12),(E13), (ET)}
S10 = {(£9), (E11), (E12), (E15)}
S11 = {(£9), (E16), (E17)}

S12 = {(ER), (E9), (E16), (E17)}
S13 = {(£9), (E14), (E16), (E17)}
S14 = {(E13)}.

To avoid confusions we will present the definitions of some subvarieties of DHMSH by using a
table. These classes of algebras were introduced in [19].

DEFINITION 2.3

The Figure 1 represents how several subvarieties of DHMSH are defined in [19] where the first
column indicates the name of the class, the second column indicates the defining set of equations
modulo DHMSH and the third column indicates the notation along this paper.

Most of the proofs of the items in the below lemma could be found in [19]. The rest are
straightforward.
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4 Dually Hemimorphic Semi-Nelson Algebras

Class of algebras Def. set | Notation
Dually hemimorphic Heyting algebras S1 DHMH
Semi Heyting algebras with an Ockham operation S2 OCKSH
Semi Heyting algebras with a dual MS-operation S3 DmsSH
De Morgan (or symmetric) semi-Heyting algebras S4 DMSH
De Morgan (or symmetric) Heyting algebras S5 DMH
Semi-Heyting algebras with a dual semi-De Morgan operation S6 DSDSH
Dually quasi-De Morgan semi-Heyting algebras ST DQDSH
Semi Heyting algebras with a dual pseudocomplementation S8 DPCSH
Heyting algebras with a dual pseudocomplementation S9 DPCH
Boolean semi Heyting algebras with a dual quasi De Morgan operation S10 DQDBSH
Semi Heyting algebras with a dual quasi Stone operation S11 DQSSH
Semi Heyting algebras with a dual Stone operation S12 DSSH
Semi Heyting algebras with a blended dual quasi Stone operation S13 BDQSSH
Semi Heyting algebras with a dual semicomplementation S14 DSCSH

FIGURE 1. Subvarieties of DHMSH.

LEMMA 2.4
The following inclusions are proper:

ey
)
3)
“
&)
(6)
(N
®)

DMH C DMSH C DmsSH C OCKSH C DHMSH,
DPCH C DPCSH C DQDSH C DSDSH C DHMSH,
DQDBSH C DQDSH,

DSSH C DQSSH,

BDQSSH C DQSSH,

DPCH C DHMH C DHMSH,

DMH C DHMH,

DSCSH C DHMSH.

3 Dually hemimorphic semi-Nelson algebras

In this section we introduce the variety of dually hemimorphic semi-Nelson algebras and some of its
subvarieties. The motivation to introduce this variety will be justified in the next section, when we
study its connection with the variety of dually hemimorphic semi-Heyting algebras.

Let (4,A,Vv,—,,0,1) be an algebra of type (2,2,2,1,0,0). We define the binary map —y
on 4 by

XONY i =x—> (XAY).

In order to improve the readability of this section we will expose the following list of equations:

(E18):
(E19):
(E£20):
(E21):
(E22):
(E23):
(E24):
(E25):
(E26):
(E27):

XA (XxVy) =x,
XxXAQVzZ)=CAX)V(YAX),
~~ X =X,

~(XAY) =XV Y,
XA~X=XA~X)AQV ~Y),
XAX—>NY) =XA(~XxVY),
x—=>N—oNz)=FAY) SNz,

(~(x—=y) =2y @A~y =1,

@x=nvy) DN [N o [c— 22>y = 2]l =1,
=Ny N[> N[> x) >y =] =1,
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(E28):
(E£29):
(E30):
(E31):
(E32):
(E33):
(E34):
(E35):
(E36):
(E37):
(E38):
(E39):
(E40):
(E41):
(E42):
(E17):
(EA43):
(E44):
(E45):
(E46):
(E4AT):
(E48):

Dually Hemimorphic Semi-Nelson Algebras 5

@A~y >y (~(x—y) =1L

~1 =1

> (~1)=1

(> DAP>0)AY) 52 (x> DAGFTo>)AY =1
(~xX)=> (~xA@E > x)=1

(~xAQE 25x)—> (~xX)=1

@AY - K Vvy)=1

V)= @Ay =1

xVvy) > Aay)=1

W AY)= vy =1

X syx=1

x—yx'=1

xvy) > & vyH=1

x"'vyH) = @xvy =1

XX =1

X =>x"=1

xVix—> (~1)=1

@AY= (~1)=1

@xVvyY > @AyH)=1

AYH)Y—= xvy)Y =1

V> CD)) > A= (~1D)))=1
A= C~1D)))> xvErx—> (~1D) =1

We also list the following sets formed by the above equations:

T1 = {(E7)}

T2 = {(E36), (E37)}

T3 = {(£36), (E37), (E38)}

T4 = {(E36), (E37), (E38), (E39)}

T5 = {(ET), (E36), (E37), (E38), (E39)}

T6 = {(£40), (E41), (E42), (E43)}

T7 = {(E38), (E40), (E41), (E42), (E43)}

T8 = {(E13), (E38), (E40), (E41), (E42), (E43)}
79 = {(E7), (E13), (E38), (E40), (E41), (E42), (E43)}
T10 = {(E38), (E40), (E40), (E42), (E43), (E44)}
T11 = {(E38), (E45), (E46), (E47)}

T12 = {(E36), (E37), (E38), (E45), (E46), (E4T7)}
T13 = {(E38), (E45), (E46), (E47), (E48), (E49)}
T14 = {(E13)}.

In what follows we recall some definition given in [10], which we shall use later.

DEFINITION 3.1
An algebra (4, A, V,—,~, 1) of type (2,2,2,1,0) is a semi-Nelson algebra if the conditions (E18)—
(E28) are satisfied.

We write SN for the variety of semi-Nelson algebras [10]. These algebras are linked with Nelson
algebras in many senses (see [10]). In particular, the variety of Nelson algebras is a proper subvariety
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6 Dually Hemimorphic Semi-Nelson Algebras

of the variety of semi-Nelson algebras [25]. Axioms (E18) and (E19) are those given by Sholander

in [23], which define distributive lattices, so in what follows we will use freely the arithmetic
of distributive lattices.

DEFINITION 3.2

rules

An algebra (4, A, Vv, —,~,/, 1) of type (2,2,2, 1, 1,0) is a dually hemimorphic semi-Nelson algebra

if (4, A, v,—,~,1) is a semi-Nelson algebra and satisfies the equations from (£29) to (E35).

We denote by DHMSN to the variety of dually hemimorphic semi-Nelson algebras.
The following lemma involves some algebraic properties of DHMSN.

LEMMA 3.3
Let (4,A,V,—,~,,1) e DHMSN and a, b, c € A. Then the following properties hold:
(1) av~1=aq,
2) 1>ya=a,
B) a->nya=1,
@4) a->nvbArc)=(@—>Nb)A(a—>yo0),
(5) ifa<bthena—-yb=1,
6) (@avb)>yc=(@—>yc)Ab—>yo0),
(7) a<bifandonlyifa >y b=1land~b—-oy~a=1,
@®) ifa-yb=b—oyc=1thena—->yc=1,
©) (~Doya=1,
(10) (an~a) >y b=1,
(11) a—>»yb=a—-y(anb),
(12) (@a—> b) >y (a—>nb) =1,
(13) a—»nyb=1landb—>ya=1ifandonlyifa > b=1anddb > a=1,
(14) ifa—>yb=1thena >y (aAD) =1,
(15) @vbvd)y-sy@@Abace) =1,
(16) (aAbAac) -y @Vvbvd)=1.

PROOF. Items (1)—(13) follow from several results of [10, Lemmas 2.4, 2.6 and 2.7].

Let us prove item (13). By hypothesis we have that ¢ — b = 1. Then apply item (11).

In order to check (15) note that, by (E35), we have that (&’ vV (bAc)) = (an(bAc)) = 1.
it follows from items (2) and (12) that

@vbAae)) sy @nBAac) =1.
Taking into account equation (E35) we obtain
B v)y—s bace)=1.
Hence, it follows from by items (2) and (12) that (b’ v ¢’) =y (b Ac) = 1. So, by (5),
(bAacY sy @V bAa)) =1.

Using item (8) in equations (3.2) and (3.3) we deduce the equality

Bvdy-sy@vbare)=1.

Then

3.1)

3.2)

(3.3)

(3.4)
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Dually Hemimorphic Semi-Nelson Algebras 7

Class of algebras Def. set | Notation
Dually hemimorphic Nelson algebras T1 DHMN
Semi Nelson algebras with an Ockham operation 72 OCKSN
Semi Nelson algebras with a dual MS-operation T3 DmsSN
De Morgan (or symmetric) semi-Nelson algebras T4 DMSN
De Morgan (or symmetric) Nelson algebras T5 DMN
Semi-Nelson algebras with a dual semi-De Morgan operation T6 DSDSN
Dually quasi-De Morgan semi-Nelson algebras T7 DQDSN
Semi Nelson algebras with a dual pseudocomplementation T8 DPCSN
Nelson algebras with a dual pseudocomplementation 79 DPCN
Boolean semi Nelson algebras with a dual quasi De Morgan operation T10 DQDBSN
Semi Nelson algebras with a dual quasi Stone operation T11 DQSSN
Semi Nelson algebras with a dual Stone operation T12 DSSN
Semi Nelson algebras with a blended dual quasi Stone operation T13 BDQSSN
Semi Nelson algebras with a dual semicomplementation T14 DSCSN

FIGURE 2. Subvarieties of DIHMSN.

Therefore, (a’' vV (' V') =y (@ V(bAC)) ® (d =y (@VOA)DAD V) =y (@ V(bAC)))
) (34

=1IA V) oy W@V BA)) =B V) =N (@ Vv ((bAc)) = 1. Then using item (8) and
the equation (3.1), (@' v (' V') >y (an (b Ac)) = 1.
The proof of item (16) is similar by using identity (E34). (]

Again, to avoid confusions, we present the definitions of subvarieties of DHMSN by using a table.

DEFINITION 3.4

The Figure 2 is the definition of subvarieties of DHMSN, where the first column indicates the name
of the class, the second one indicates the defining set of equations modulo DHMSN and the third
one indicates its notation along this paper.

In what follows we will show some examples of algebras of DHMSN.

L1
—-:]0 1 2 A:|0O 1 2 v:[0 1 2
o1 2 o~ 0 1 2 01 0 1 0/0 0 2 0[0 1 0
[T 0 1 [0 2 1 1/o 1 2 1/0o 1 2 1111
211 0 1 2012 2 2 210 1 2
We have that L1 € DMSN N DPCSN N DQDSN and L1 ¢ DMN U DPCN U DQDBSN U
DHMN.
L2
:]0 1 234 ~]|0 123 4
[T 4 1 11 [2 301 4
—-:/0 1 23 4 A:|0 1 23 4 v:[01 234
0[1 0 2 2 4 00 0 2 3 4 00 1 0 00
1fo1 23 4 1o 1 2 3 4 Ifr 1111
210 0 1 1 1 212 2 2 3 2 210 1 2 2 4
3]0 01 1 1 313 3 333 3]0 1 2 3 4
410 0 1 1 1 414 4 2 3 4 410 1 4 4 4
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8 Dually Hemimorphic Semi-Nelson Algebras

In this example we have that L2 € DmsSN and L2 ¢ DMSN.

L3

Downloaded from https://academic.oup.com/jigpal/advance-article-abstract/doi/10.1093/jigpal/jzz030/5613741 by guest on 16 December 2019

o — < < < <t |© — N en <t <t (S —~ < <+ < <t (O —~ < <+ <
Nnjlo — N en < NS — N enen njlo — N en < njlo — N en <
NS — N < N[O — N AN N[O — N < N[O — N <
| p— p— p— p— p— | p— p— p— p— p— | p— p— p— p— p— | p— p— p— p— p—
oclo—~ o oo SClo—c oo Z oclo—~ o oo oclo—~ o oo

n
O — N en < S —Nen < A8 S — N en <t S — N en <
> > & > >

a

D .
<t [t <F N en <+ Al A R S ¢ |+ttt N & <t |t < N en <

<t < < |— 2 < <t w < <

ocnjen N N N oo ecnjen en N on <t m 333333S cnjen on N N on
N[N AN AN NN NN Sy NN NN N[N AN NN A

oo AN [S\l=} [S\l=}

—|lo — N en < 101234M 101234m —|lo — N en <
con on on on
oo o . 4M oo o™ <+ & ol oo <+ g ol oo <

ol S en < (=3I 8 (=3I

—— o= B —_— o= N < Z —T e~ — o~ N <

. A /ﬁtl . A S . A . A

¢ ¢ a ¢ " ¢

N %) -
o a <
T ——— & <ttt — — = <+ |t === g <t |t~ = —
<t | — < <t [— <t [ <t [
NN N — — —  Z 333111% 323111% NN N — — —
N [— M N |— ¥ N | — & o | —
NN N~~~ NN~~~ NN N~ — =& N[N N~ —
| = = S = = =
— [ — — —_— 0 — O O O —_— 0 — O OO O — o —
— <t w — N w — <t w — <t
S |~ [=NTe\ oo oo
~— ~— ~—
T e an<s S T e =N an<s S T e —=Nan<s S T e =A<
S I £ o 7 £ o 7
2 e 2
I I =
= <= =
o o o
= = =
<t 7 No)
) - -

We have that 1.6 € DHMN and L6 ¢ DPCN.
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L7

;|01 23456 ~|01 23456
|2611111 |3450126

—-:10 1 2 3 4 5 6 A0 1 2 3 4 5 6
0|1 0 2 3 3 5 6 0/]0 0 2 3 4 5 6
10 1 2 3 4 5 6 110 1 2 3 4 5 6
210 01 5 5 56 212 2 2 3 4 5 6
310 0 0 1 1 1 1 3/!13 33 3 4 3 3
40 0 0 1 1 1 1 414 4 4 4 4 4 4
510 0 0 1 1 1 1 5/15 55 3 455
6/0 0 0 1 1 1 1 6|16 6 6 3 4 5 6
v:|0 1 2 3 4 5 6

0|0 1 0 0 0 0 O

Ifr 1111 11

210 1 2 2 2 2 2

310 1 2 3 3 5 6

410 1 2 3 4 5 6

510 1 2 5 5 56

6/0 1 2 6 6 6 6

We have that L7 € DHMSN and L7 ¢ DSDSN.

4 Relation between DHMSH and DHMSN

In this section we describe the constructions that realizes the connection between dually hemimor-
phic semi-Nelson algebras and dually hemimorphic semi-Heyting algebras.
In order to avoid confusions, in this sections we will use the following notation:

Class of algebras | Language
DHMSN A v, =~ 1
DHMSH nuU,=.,", LT}

4.1 The quotient algebra

In what follows we will prove that for every dually hemimorphic semi-Nelson algebra it is possible
to build up a dually hemimorphic semi-Nelson algebra.

We start with some preliminary definitions and results.

Let A be a semi-Nelson algebra. It follows from [10, Lemma 3.1] that the binary relation =
defined on 4 by

x=yifandonlyifx > y=1landy 5> x =1

is an equivalence relation compatible with the operations ~, A, vV and —.
For every x € A we write [x] for the equivalence class associated with x.
Note that it follows from item (13) of Lemma 3.1 that the relation = can be replaced by

x=yifandonlyifx >y y=1landy 5y x=1.
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10 Dually Hemimorphic Semi-Nelson Algebras

Let A € SN. We denote by sH(A) to the algebra (4/=,N,U,=, L, T), where A/ = is the set of
equivalence classes and the operations on 4/ = are defined as follows:

L=[~1],

T=[11,

[x] N [v] =[x Ay],
[x]V D] =[x vyl
[x1 = D1 = [x — »1.

By [10, Theorem 3.4] we have that sH(A) is a semi-Heyting algebra.

LEMMA 4.1
LetA = (4,A,V,—,~,, 1) € DHMSN. The relation = is compatible with the operation ’.

PROOF. Let us consider x,y € 4 such thatx = y. Thenx — y =y — x = 1. Hence,
(E3D)

1 = (x> DA 20AY) D> (x> NAG>0AY =(UALTAX) > (IATAY
=x -y
Similarly, it can be verified that )Y — x’ = 1. Therefore, X' = /. O

Let A € DHMSN. We also denote by sH(A) the algebra (4/=,N,U,=,", L, T), where the
operation T is defined by

o [x]" = [¥'].
The well definition of the previous operation follows from Lemma 4.1.

THEOREM 4.2
Let A € DHMSN. Then sH(A) is a dually hemimorphic semi-Heyting algebra.

PROOF. We will show that sH(A) satisfies the equations (E4), (ES) and (E6).
It follows from (E29) that LT = [~ 1]" = [(~ 1)'] = [1] = T, so (E4) is satisfied.
Now we will prove (ES). Taking into account (9) of Lemma 3.3 we have that

(~1) sy l'=1. 4.1)
By (E30) it holds that 1’ — (~ 1) = 1. Hence, it follows from (2) and (12) of Lemma 3.3 that
sy (~1) =1 (4.2)

Applying (13) of Lemma 3.3 in (4.1) and (4.2) we obtain that (~ 1) > 1" = 1" - (~ 1) = 1.
Thus,

Th=[1" =n"1=0~1=1
Straightforward computations based on (E34) and (E34) prove that sH(A) satisfies (E6). O
LEMMA 4.3

Let A € DHMSN. The following conditions are satisfied:

1. If A satisfies (£7) then sH(A) satisfies (E£7).
2. If A satisfies (E38) then sH(A) satisfies (E9).
3. If A satisfies (E45) then sH(A) satisfies (E17).

PROOF. Let x,y € 4.
(ED)

L (xI0DD=D=0xAyl= [x]=[xAy) = x] = [1]=T.
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Dually Hemimorphic Semi-Nelson Algebras 11

2. Tt follows from (E38) that x” — y x = 1. Then, by (14) of Lemma 3.3, x” —xy (" Ax) = 1.
Besides, by (5) of Lemma 3.3 we have that (x” A x) = x” = 1. Hence, [x"] = [x” A x]].

3. It follows from (E45) that (X' Ax") >y (~ 1) = (X AX") > (~ 1) = 1. By (9) of Lemma 3.3
we conclude that (~ 1) -y (X AX”) = 1. 0

Let M be the set formed by the following elements:

o {DHMH, DHMN},

o {OCKSH, OCKSN},
o {DmsSH, DmsSN},

o {DMSH, DMSN},

o {DMH, DMN},

o {DSDSH, DSDSN},

o {DQDSH, DQDSN},
o {DPCSH, DPCSN},

o {DPCH, DPCN},

o {DQDBSH, DQDBSN},
o {DQSSH, DQSSN},

o {DSSH, DSSN},

o {BDQSSH, BDQSSN},
o {DSCSH, DSCSN}.

THEOREM 4.4
Let {A,B} e Mj and B = (B, A, V,~,,1) € B. Then sH(B) € A.

PROOF. It follows from straightforward computations based on Theorem 4.2 and Lemma 4.3. O

4.2 Vakarelov'’s construction

We will see that Vakarelov’s construction on semi Heyting algebras works as well for dually
hemimorphic semi-Heyting algebras [10].

We start with some preliminary definitions and results.

Let A = (4,N,U,=, 1, T) € SH. Define the following set:

KA) ={(a,b)eAdxA: anb=0}

We denote by Vi (A) to the algebra (K(4), A, vV, —, ~, 1), where the operations are given by

V1) (a,b) A (c,d) = (@aNc,bUd),
(V2) (a,b)V (c,d) = (aUc,bNd),
V3) (a,b) > (¢,d) = (a= c,and),
V4) ~(a,b) = (b,a),

V5 1=(T,L).

It follows from [10, Theorem 4.1] that if A = (4,N,U,=, L, T) € SH, then V;(A) € SN.

DEFINITION 4.5
Let A = (4,N,U,=,", L, T) be a dually hemimorphic semi-Heyting algebra. For (a, ) € K(4) we
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12 Dually Hemimorphic Semi-Nelson Algebras

define the following unary operation on K(4):

(a,b) =@ ,bn @ = a).

Note that ’ is well defined. In fact, ifaNb = 0thena' N b N (a' = a) Ernbna=o.
For A € DHMSH we also write V;(A) for the algebra (K(4), A, V,—,~,, 1).

THEOREM 4.6
IfA=4,NU=,,L T) e DHMSH, then Vx(A) € DHMSN.

PROOF. We will see that Vi (A) satisfies the equations (E29)—(E35). Let (a, b), (¢,d) € K(4). Then

(E29):

(E30):

(E31):

(E32):

~1) =~ (T,L)Y=LTY=UL,TnL"'= L)y=fLT= 1) & (T, T =
)= (T,L)=1.
!5 (~D=(T,L) 5> (~(T,L)=(TLLnT">T) > (L T)=(TH1) >

LHE W WD=U=>1,1nT)=(T, L) =1

First, notice that
((a,b) = (¢, d)) A ((c,d) > (a,b)) = (a= c,aNd) A(c = a,cNb)
=((@a=>c)N(=a),@nd)U(NnNd). 43

Then ((a,b) — (c.d)) A ((c.d) = (@, b)) A (@, b) =) (a= )N (¢ = a)), (@aNd)U(cN

b)A(a,b) = ((a = c)N(c = a)Na, (aNd)U(cNb)Ub) = ((a = c)N(c = a)Na, (aNd)Ub)
@ (anc,(and)Ub).

In consequence,

((a,b) = (c,d)) A ((c,d) = (a,b)) A (a,b) = (aNc,(and)Ub). (4.4)
Similarly, we have that

((a,b) = (¢, d)) A ((c,d) = (a,b)) A (c,d) = (aNc,(cNb)Ud). (4.5)

Thus,
(((a,b) = (¢, d)) A ((c,d) = (a,b)) A (a,b)) — (((a,b) = (c,d)) A ((c,d) — (a,b)) A

e, dyy MY e @nd)UbY = (aNe, (cnNb)UdY = ((aNe)t, (@nd)Ub) N ((an
o)f = (@ne) = ((ane)’, (cNb)ud)N((ane)™ = (anc))) = ((@Ne)t = (ane)T, (an
ofnenb)yud)yNn((@ane)’ = @ne))) = (T, @ne) Nnend)ud)N((@ne)™ = (anc)))

E) T . @nonenbudn@ne)=(T,L)=1.
First, note that
~ (a,b) =~ (@’,bN (d" = a))
=®bN@ = a),a). (4.6)
and
(~ (a,b) A (a,b) = (a,b))) = (~ (@,b) A ((a',b N (@ = @) - (a,b)))
= ((h,a) A ((a’,b N (@' = a)) = (a,b)))
=bBN@ = a),aU @@ Nb)). 4.7)

Hence,
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(E33):

(E34):

(E35):

Dually Hemimorphic Semi-Nelson Algebras 13

(~ (@,b)) = (~ @b)A(@,b) = b)) P paGt = a),ah) - BN @ =
a),al@ Nb)) = (T,bN@" = a)N@U @ Nb)) = (T, BN = a)na)u BN @ =
@)NatNby) = (T, LUBN (@' = a)Natnb)) = (T, bN(a" = aynatnb) ‘2 (T, bnatna)
—(T,1)=1.

(~ (a,b) A ((a,b)" = (a,b))) = (~ (a,b)) (~ (a,b) A ((a,b) — (a,b))) = (~ (a,b)")
GO AN b0 (af = a),aU (@ Nb)) = BN (@ = a).a’) = (T,bN @ = a)Nah)
(T,bNa'Na)=(T,L)=1.

‘We have that

((a,b) A (c,d)) = (@aNec,bUd)

(ED)

=(@nof,bud)yn(@ne)’ = @nc)). (4.8)
Besides,
(a,b) v (c,d) = @' ,bn(d = a) vc,dn (" = ¢)
=@ uch,bn = andn = o). (4.9)
Hence,

(@b Ae.d)) — (@ by v (c,d)) P (aneyt, bud)N(@ne)’ = @ne))) —

(ancT’bﬁ(aT:)a)ﬂdﬂ(cT:C))(g@ (aTUCT,(bUd)ﬂ((aﬂc)T:}(aﬂc)))_>
@uch,bn@=andnc=e))=(T,@uchnbn@ = andn( = )
= (T, d"nNnbn@ =>andn( =2oNuEnbn@ = andn (' = o))
(El)(T(a*ﬂbmaﬂdﬂ(ﬂﬁc))U(CTﬂbﬂ(aTﬁa)ﬁdﬁ(cT=> )))Hﬂb=l
(T, LU Nbn@ = andnc =)@ (T,LuEinbn@ = andno)
=L T iUy =1.
((a,b)' v (c,d)) = ((a,b) A (c,d)) @ uct,bn@ = a)ndn(c’ = ¢) -
((ano)f, (bUd)ﬂ((aﬁcﬂ:(aﬂc))) ((aﬂc) bN@=andnc =) >
(ano)f,bud)N@ne)’ = @ne)) = (T, (aﬂC)Tﬂ(bUd)ﬂ((aﬂc)T: @ne))
(ED) (T,@no)nGdud)n@ne) =(T,((@anNc) N@ne)Nb)U@ne) N@ne)nd))
anb=cNd=_1

= (T,LHy=1. -

, (4.8) and 4.9)

Now we give some additional properties involving the subvarieties of dually hemimorphic semi-
Heyting algebras and dually hemimorphic semi-Nelson algebras. Since the results given here are
very technical, we recommend to the reader don’t read the proofs of them in a first lecture of the
present paper.

THEOREM 4.7
Let {A,B} € M and A = (4,N,U,=,", L, T) € A. Then Vi(A) € B.

PROOF. By Theorem 4.6 we know that Vi (A) € DHMSN. Let (a, b), (c,d) € K(4). Note that

a,b)'=@,bNn@ = a) =d",bNn@ = an @ = ah)). (4.10)

We consider the following cases:
1. A=DHMH : ((a,b) A (c,d)) = (a,b) = (aNc,bUd) = (a,b) = ((aNc) = a,aNcNb) =

((@anNc)=>a,l) =

DT =1

6102 Joquieoaq 91 uo 3senb Aq Ly/€196/0£022l/1edBil/e60 1L 01 /10pAoBISqE-0IE-00URAPE/[edBI/W0o"dno-lWapEDE//:SdY WOl papeojumod



14 Dually Hemimorphic Semi-Nelson Algebras

2. A = OCKSH : ((a,b) V (c,d)) = ((a,b) A (c,d)) = (@aUc,bNd) — ((a',bN(a" =
a)) A, dNn(c = )= (@ueof,bnd)N{@ue)’ = @Uc)) - @ nel,n
@ = a))u(dm(c =)= (eUc) = @nc),@uen@®dn@ = a)u@n
= @ (@ neh) = @ neh), @ nehn(@n @ = a)uEnc = o)) E
(T,@neHhn@n@=a)udnc =) =(T,@NncfNnbn @ = a) U@ n
dndnc =on @ (T.@nefnbnayu@ Nt Ndne) = (T, L) = 1. Besides we
have that ((a,5)’ A (¢, d)’) = (a,b) V (¢,d)) = (@', bN (@ = a) AT, dN(c" = ¢) -
(aUe,bnNd) =@ Nnef,bN @ = a)udnN(c’ = ) - (@Uo)’,bNnd)N((aUc)’ =
@ue)) @ @inet, @ = a)udn(c = o) - (@ neh, BN N @ ne) =
@U ) = (@ neh) = @ neh), @ n cT) NbNnd) N (@ ne) = @uey 2
(T, @ neHNBnd) N @ neh) = @ue)) B (T,d netnbndn@ue) = (T, 1) = 1.

3. A = DmsSH : as in the Case 2 we have that V;(A) € OCKSN. Then we only need compute
the following calculus: (@, b)” — ((a,b)" A (a, b)) @10 @, bn@ = an@ = ad)) -
(@"bNn@ = an @™ = ad))A@b) = @,bn@ = an @ = 4 >
@ nab) 2 @b @ = an @t = d) > @b = @ =t ad N 2
(T,a'"Nanb)y=(T,L)=1.

4. A = DMSH: as in the Case 2, Vi (A) € OCKSN. Taking into account a similar computation
to that of the Case 3 we obtain that (a,b)” — ((a,b)” A (a,b)) = 1. Note that (a,b) —

@by A @) L @b) > (@b A @b @ = a)n @t = a)) = @b —

@natt 5 B @b @b = 1.
5. A = DSDSH: taking into account (4.10) we have that

yy (4.10)

(a,b) @ bn@ = an@ = d)y

=@ bn@ =2an@ =ad)n @ = a)), 4.11)

(a,b)"Vv(c,d)" = @ U, bn@ = a)nN@™ = aHndn(c" = N = ¢f)) 4.12)
and

(@, b)V(c,d)" = (aUo)'T,bNnd)N((aU)t = @Ue)N((@Ue)T = @Ue)’)). (4.13)
(4 12)

(aUc
(4.13)

Now we will prove the equation (E40): ((a,b) V (¢, d))” — ((a,b)” Vv (¢,d)")
bndy - @ucd,bn@ = an@ = adHndn( = o)n ™ = h))
(U™, bNndN@Uuo’ = @Ue)N(aUo) = @uo)) - @ ucbn
@=anE@=ad)ndnct =N =) =(@uo™ = @ uc), @ue)i™n

b = a)N(@'’ = ah)ndnet = Nt = ) E (@ ue = @ fuet), @iu
Hnen@ = an@ = ad)yndnc = one™ = ) =T, @ TucHnen@ =

aAN@ =aYndn(c = o)n(™ =) = D (T, L) = 1. The equation (£41) is proved
as follows: = ((a,5)" V (c,d)") = ((@.b) vV (c,d)" 2 @ U, 6N (@ = a)N (@ =

aHndn(ct = Nt = ) = (@b v e, d) 2 @fuct,pn@ = o n @ =
ahndnc =N = M) - (@ue)™,BNd)N((aUc)" = (@Ue)N((aUc)T =
(@aue))) = ((aTuct™) = (@Uo)™, @ TUdHNBNdN(aUe)" = (@Ue)N((aUe)T =

@ue) B (T, @ U™ N(bNd) N ((@Ue)t = @Ue) N (@ uc™ = @uet)y) &
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Dually Hemimorphic Semi-Nelson Algebras 15

(M @uehnend)n(@uot = @ueyn@ueh & (T, udhnbmn

dN@Ue)N@Ueoh ED (T,L1) = 1. The equation (E£42) can be proved as follows:
@b = @b P @ hn @ = N6 5 d) 06 s dh) > @by =

(aHT bﬂ(a' = a)ﬂ(a” = a)ﬂ(aHT = aTT)) N (a} bﬂ(aI = a) (E12) @ ¥ bN

@ =N = a)nN @ = ad") 5 @,bn @ = a) =G = 4, Tmbm

@=a)=(T,anbn@ = a) ED (T, L) = 1. Finally, the equation (£43) is satisfied

because (a,b) — (a,5)” L (a,b) = (@11, 6N (@t = @) N @ = aHN @ = ity =
(@,bN @ = a) — @760 @ = a)N @ = aHN @ = a) D @hone =
a) = @,bn@ = an (cﬂur => aH N = d)y = @ = ddnbn =
@ N @t =ad)n@tt = a) @ @ =af, ) =(T, 1) =1.

. A = DQIDSH: as in the Case 5 we have that Vi (A) € DSDSN. Then it can be proved (a, b)” —
((a,b)” A (a,b)) = 1 as in the Case 3.

. A = DPCSH: as in the Case 6, V¢(A) € DQDSN. Finally, we need to show the following:

@b)V (@,b) = (@b)V (@, bN (@ = a) = @Uda,anbn @ = a) = @Udl, 1) ‘L
(T, 1)=1.

. A = DQDBSH: as in the Case 6, V;(A) € DQDSN. Besides, (a,b) vV ((a,b) > (~ 1)) =
@bV (@b) — (~(T. 1) = (@b)V(@ab) — (L, T) = (a.b)V@= L,a) = (aU(a =

D0 T =1
. A = DQSSH: we have that (a,b)” — ((a,b)” A (a,b)) = 1 as in the Case 3. Note that in

this case (a,b) A (e,d)" = (at, b (@f = ) A (e, d)” L (@', b (@ = a) A (T, d N
=onc=cH=wne, N = a)udn (= )N = ¢))). Thus,

@by A, d)" =@ N, bn@ =a)udnc=onE =), .14

Besides, ((a,b) V (¢,d)) = ((a,b) Vv (c',d N (cf = ¢)) = (a u cd.bndn(f =

)Y = (@uchf,bndn(c = on@ucht = @ueh)y 2 G nettbndn
"= on @ nct™ = @uch)). Thus,

(@b Vv e,d)) =@ ndt,bndnc = )N N = @uch)). (4.15)

Now we will prove the equations (E£45), (E46) and (E47).
o (E45): (@ by A @b)) = (~ 1)L (@b A (@', b0 @ = a) N (@ = a)) -
~D=(a,bn@ = a)AE@,bn@ = an@E = dad) - ~ 1) =

@natbn@ = a) - ~ 12 WLbn@ = a) > (~ )= (LbN
@ =a)— (LT =(T,L=L

o (E46) : ((a,b) A (¢,d)) = (((a,b) V (¢,d))) @ne™,bn@ = a)udn
(" = o)n (' = M) - ((a,b) V (¢, d))) @ne,bn@ =a)udn
=2onE=Hh)) -5 @nedfbndncf = o n @ N = @uch)).

= (T.a NcTNbNdN (e = N (@ N = @uch) S (Ta neTnpndn
" =>on@uc) =T, @ neTnbndn(c = enayu@E@ N Nnbndn
= ond) =T LuGE neTnbndnc = one) @ (T,LuE nettn
bndnench)=(T,L)=1.

(4.14)
@.15)
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16  Dually Hemimorphic Semi-Nelson Algebras

10.

11.

12.
13.

o (E4T) : = (((a,D) V (c,d))) = ((a,b)" A (c,d)") @19 (((a,b) V (¢,d))) —
@ Ne’,BN@ = auEne = one =y 2 @@ nedbndn
(cJf = C)ﬂ((aTﬂcTT) = (LlUcT))) - (afﬁcﬁ’ (bﬂ(aT N a))U(dﬁ(cT N c)ﬁ(c“ N
¢ = (T.a N n(BN @ = a)uEn(c = N’ = ) = (T.@" N n
b = a) U@ Nt Ndn (e’ = N = ) 'Z (T, @ N nbnayu@n

dtndnet = oneh) B (T, @ nett nbna U@ Nettndnenct)) = (T, L) = 1.
A = DSSH: the equations (£36) and (£37) can be proved as in the Case 2. The equation (£38)
can be showed as in the Case 3. Finally, the equations (E45), (E46) and (E47) can be checked
as in the Case 9.
A = BDQSSH: in this case note that ((a,b) vV ((a,b) = (~ (T, L)) = ((a,b) V ((a,b) =

(LT =ab V= La)=(@U@= 1),1)=((aVU@= 1)",1) = (aU

@= 1" 1) 2 @i n@= L, 1) and @b) A (@b) — (~ (T,1)) = (a,b) A

((a,b) > (L, = @b Ala= L,a) = @by Ala= L,a) = @ ,bN @ = a) A

(a= Lan(@a= L= @@= L)=>6Gn@= LI,0N@ = a)uU@n

(a= Dis@a= ) @ @ne= DN =2a)U@n (@@= 1) = @@=

1)))). Thus,

(@,b) v ((@,b) > (~ (T, =@ Nn@= L, 1) (4.16)
and

@b) A((a,b) > (~(T,1)) =@ N@= 1),
bN@ =a)U@n((@= 1) = (a= 1))). (4.17)

Hence, ((a,5) V ((a,) = (~ (T, L)) = ((@,b) A ((a,b) — (~ (T, Lyy) H1O@D
@nae=LN10->Gne=L0Na=2a)Uan(@= L= @@= 1)) =
(T,@"N@= LHNBNE@ =2a)U@EN (@=L = @@= L) =(T,@N@=
LHinbn@ = apu@nE@e= LHinan(@= Lt = @@= L) EZ (T,Gn
@= LHinbNnayU@ NnE@= Linan@= 1) & (T, @ne= LHINbNa U@ N
(a= L) nanl)) = (T,L) = 1. Besides, ((a,b) A ((a,b) = (~ (T, L)) = ((a,b)V
((@,b) > (~ (T, L)y PO G @= DL eN@ = a)UEn (@@= L =
(a= 1)) > @ Nn@= L), 1) = (T, L) = 1. Then V4 (A) satisfies the equations (£48)
and (£49). The rest of the equations can be verified as in the Case 9.
A = DSCSN: the proof'is similar to that of the Case 7.
A e {DMH, DPCH}: The fact that A is in DMISH and in DIPCSH can be proved as in the
Cases 4 and 7, respectively. Then the proof can be finished following the Case 1. 0

4.3 Representations

In this section we show that there exists a representation of dually hemimorphic semi-Nelson
algebras as subalgebras of the Vakarelov construction applied to a suitable dually hemimorphic
semi-Heyting algebra, much in the same manner as in the case of semi-Nelson (Nelson) and semi-
Heyting (Heyting) algebras. In the other direction, we can also represent every dually hemimorphic
semi-Heyting algebra as a quotient of a dually hemimorphic semi-Nelson one.

Let A = (4,A,V,—,~,1) € SN. It follows from the proof of [10, Corollary 5.2] that the map
h: A — (Vi(sH(A))) defined by #(a) = ([[a], [~ a])) is an injective morphism.
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Dually Hemimorphic Semi-Nelson Algebras 17
THEOREM 4.8
IfA=(4,A,Vv,—,~/, 1) € DHMSN then A is isomorphic to a subalgebra of Vi (sH(A)).

PROOF. We only need to check that the map % preserves the operation . Observe that h(a’)
([a'], [~ a'T) and
(h(@)" = ([a]. [~ al)’ = ([al".[~ al N ([a]” = [a]) = ([@T.[~ aN (@ — a)]).
Since A satisfies the equalities (E32) and (E33) then [~ d'] = [~ a N (@’ — a)]. Hence, h(a)
(h(a))'.
In semi-Heyting algebras we can define the pseudocomplement of an element e as ¢* = a = 0.1In

particular, a* = a =y 0 (see [21]). Let A = (4,N,U,=, L, T) € SH. The mapi : A — sH(V;(A))
defined as i(a) = [(a,a*)] is an isomorphism, as it was showed in the proof of [10, Theorem 5.3].

O

THEOREM 4.9
IfA=U4NU=7,1Tisa dually hemimorphic semi-Heyting algebra then A is isomorphic to
sH(Vi(A)).

PROOF. We only need to show that the map i preserves the unary operation T. Note that
ia" =@, @]
We also have that
(@) =[[(aa"]" = [@a")] = [@",a" N @ = a)].

Since
@,a*n@ = a)— @, @) =(T,a" Nn@hH) =(T,L) =1
and
@,@ — @,a*n@=a)=(T,dna*N@ =a)=(T,ad" Na*Na)y=(T, L) =1
we have that [ (', (a")*)] = [(aF,a* N (" = a))]. Therefore, i(a”) = (i(a)). O

The following results are immediate consequence of Theorems 4.4, 4.8 and 4.9.

COROLLARY 4.10
Let {A,B} € M; and B = (B, A, V,~,’, 1) € B. Then B is isomorphic to a subalgebra of Vi (sH(B)).

COROLLARY 4.11
Let {A,B} e Mjand A = (4,N, U, =1, T) € A. Then A is isomorphic to sH(V;(A)).

The following lemma give some properties involving the subvarieties of dually hemimorphic semi-
Nelson algebras presented in this paper.

LEMMA 4.12

(1) DMN c DMSN C DmsSN ¢ OCKSN c DHMSN,
(2) DPCN c DPCSN c DQDSN c DSDSN ¢ DHMSN,
(3) DQDBSN c DQDSN,

(4) DSSN c DQSSN,

(5) BDQSSN c DQSSN,
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18  Dually Hemimorphic Semi-Nelson Algebras

(6) DPCN c DHMN c DHMSN,
(7) DMN c DHMN,
(8) DSCSN c DHMSN.

PROOF. The inclusions are an immediate consequence of Lemma 2.4 and Corollaries 4.10 and 4.11.
The following algebra is a dually hemimorphic semi-Nelson algebras, where the operations are
defined as follow:

—-:]0 1 23 A0 1 23 wv:[0 1 2 3
, o1 1 1 1 00 0 0 O 0o 1 2 3
I?é‘i‘i’ 1fo1 23 1fo 1 2 3 1fr 111
213 11 3 210 2 2 0 212 1 2 1
3]2 1 21 3]0 3 0 3 313 1 1 3.

In particular, taking into account the previous algebra it is possible to show that OCKSH ##
DHMSH, DQSSH # DSSH and DQSSH # BDQSSH. Then it follows from Corollaries 4.10
and 4.11 that OCKSN # DHMSN, DQSSN # DSSN and DQSSN # BDQSSN. The rest
of the inclusions are strict, and this fact can be proved taking into account the examples given in
Section 3. O

4.4 Dually hemimorphic centered semi-Nelson algebras

We write SN, for the category whose objects are algebras (7, A,V,—,~,c,0,1) of type
2,2,2,1,0,0,0), where (T,A,V,—,~,1) is a semi-Nelson algebra, 0 =~ 1 and c satisfies
that ¢ =~ c¢. The morphisms of SN, are the algebra homomorphisms. In [7] it was proved that
there exists a categorical equivalence between SN, and SH. More precisely, if A € SNc then
sH(A) = 4/=,N,U,=,1,T) e SHand if f : A > B € SN, then sH(f): sH(A) — sH(B)
given by (sH(f))([[a]]) = [f(a)] is a morphism in SHL. If A € SH then V;(A) = (K(4), A, V,—
,~,¢,0,1) € SN, where ¢ is defined as ¢ := (0,0). If f : A — B is a morphism in SH
then Vi(f) : Vi(A) — Vi(B) given by (Vi(f))(a,b) = (f(a),f (b)) is a morphism in SN.. For
A € SN, we have that the map & : A — (Vi(sH(A))) defined by A(a) = ([all,[~ a])) is an
isomorphism. For 4 € SH we have that the map i : A — sH(V;(A)) given by i(a) = [(a,a*)] is an
isomorphism.

REMARK 4.13
The functors sH : SN, — SH and V; : SH — SN.! establish a categorical equivalence between
SN, and SH with natural isomorphisms /4 and i.

We write DHMSNCc in order to define the category whose objects are algebras (7, A, V, —,~
J),¢,0,1) of type (2,2,2,1,1,0,0,0) such that (T, A,V,—,~,¢,0,1) € SN, and (T, A, V,—,~
,, 1) € DHMSN.

Let f : A — B be a morphism in DHMSNec. It is immediate that sH(f) : sH(A) —» sH(B) is a
morphism in DHMSH. Conversely, if /' : A — B is a morphism in DHMSH then straightforward
computations show that Vi(f) : Viz(A) — Vi(B) is a morphism in DHMSNc. Thus, we have
functors sH : DHMSNc¢ — SH and V}, : SH — DHMSNec.

Note that we are also abusing notation here with the name of the previous two functors. We believe it is clear which is
the corresponding functor considered in each case.
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Dually Hemimorphic Semi-Nelson Algebras 19

THEOREM 4.14
The functors sH : DHMISN¢ — DHMSH and V; : DHMSH — DHMSNc establish a categorical
equivalence between DHMSNc and DHMSH with natural isomorphisms % and i.

PROOF. It follows from Remark 4.13, Theorem 4.8 and Theorem 4.9. O

5 Deductive systems and congruences in DHMSN

In [10] it was proved that given a semi-Nelson algebra, the set of its congruences is in bijection with
a subclass of its deductive systems. In this section we obtain a similar property for the case of dually
hemimorphic semi-Nelson algebras.

DEFINITION 5.1
LetA = (4,A,V,—,~,,1) € DHMSN. A subset D C 4 is an N-deductive system of A if for every
a,b € A, the following conditions are satisfied:

Dsl) 1eD,
Ds2) ifa,a—y be Dthenb € D.

We say that D is an N "deductive system if satisfies the following additional condition:
Ds3) ifa e Dthen (¢') 5N (~ 1) € D.

Let (4,A,V,1) be a lattice with last element and F C L. Recall that F is said to be a
filter of L if the following conditions are satisfied: (i) 1 € F; (i) if x < yand x € F
then y € F; and (iii) if x,y € F then x A y € F. The following three lemmas involve
properties of deductive systems. See [10, Lemma 6.3], [10, Lemma 6.5] and [10, Lemma 6.6],
respectively.

LEMMA 5.2
LetA = (4,A,V,—,~,,1) € DHMSN. If D is an N-deductive system of 4 then D is a filter.

LEMMA 5.3
Let A = (4,A,V,—,~,,1) € DHMSN and D an N-deductive system. If a —y b € D and
b—>nyceD,thena >y ceD.

LEMMA 5.4
LetA = (4,A,V,—,~,,1) € DHMSN and D an N-deductive system of 4. If a, b € A, then

a—>beDandb— aeDifandonlyifa >y b€ Dandb >y a € D.

In what follows we will see that every N "_deductive system of a dually hemimorphic semi-Nelson
algebra determines a congruence. Let A = (4,A,V,~,,1) € DHMSN and D an N -deductive
system of 4. In 4 we can define the following binary relation:

a=pbifandonlyifa - b,b > a,~a —>~b,~b—>~aeD.
Note that it follows from Lemma 5.4 that the definition of =p is equivalent to the following one:

a=pbifandonlyifa >y b,b >y a,~a >y~ b,~b—>y~aeD.

The following lemma will be used to prove that =p preserves the unary operation ’.

6102 Joquieoaq 91 uo 3senb Aq Ly/€196/0£022l/1edBil/e60 1L 01 /10pAoBISqE-0IE-00URAPE/[edBI/W0o"dno-lWapEDE//:SdY WOl papeojumod



20 Dually Hemimorphic Semi-Nelson Algebras

LEMMA 5.5
Let A = (4,A,V,—,~,,1) € DHMSN, D an N'-deductive system of 4 and a,b € A such that
a =p b. Then the following conditions are satisfied:

(1) « >yb eD,
2) (d—>a—> b —>b)eD,
3) (~d)—>nN(~b)eD.
PROOF.
(1) By hypothesis we have that a >y b,b -y a,~ a >y~ b,~ b >y~ a € D. It follows
from (5) of Lemma 3.3 thata’ —y ((a = b)' v (b = a)’ v a’) = 1. Besides, it follows from
(5) of Lemma 3.3 that (¢ = b) V(b > a) vad) >y ((a > bD)AbB > a)Aa) = 1.
Taking into account (8) of Lemma 3.3 we deduce the equality
d—-ny({(@a=bAb—=>ara) =1. 5.1
By equation (E31) we obtain that ((a = b)A(b — a)Aa) — ((a— DA —> a)Ab) =1,
so by (2) and (12) of Lemma 3.3 we have that
(= bDAbB—>a)ra) 5y ((a= bB)AbD— a)Ab) =1. (5.2)
The item (16) of Lemma 3.3 implies that
(@a=bDAbB—=aAb) 5y (@a=>b'VvVb—a)Vvh)=1. (5.3)
Thus, it follows from (8) of Lemma 3.3 applied in (5.1), (5.2) and (5.3) thatd’ =y ((a —
b)Y v (b— a) vb)=1.Hence,
d =y (a—b)Vb—a) V) eD. (5.4)
Sincea —» b € Dthen (@ > b) >y (~ 1) € D. By (9) of Lemma 3.3, (~ 1) 5oy b =1¢
D. Then Lemma 5.3 implies that (¢ — b) —y b’ € D. Analogously, (b — a) —>n b’ € D.
Besides, b — y b’ = 1 € D. In consequence, taking into account (6) of Lemma 3.3 we obtain
that
((a— bV > a)Vvb) sy b ={a— b)) -y A= a) >y IAW -y b)eD
(5.5)
because D is a filter by Lemma 5.2. By using Lemma 5.3 applied in (5.4) and (5.5) we
conclude thata’ —y b’ € D.
(2) It follows from item (1) of this lemma that @ — b € D and b’ — &' € D. By equation (E25)
we have that (¢ >y ) =N [0/ >y d) >y [(@ — a) >y (B' = a)]] =1 € D. Hence,
(@ —=a) -y @B = a)ebD. (5.6)
It follows from (E26) that (&' —x ) —n [ —=n &) =y [ = @) =y B = b)]] =
1 € Dand
b = a) >y (b — b) eD. (5.7)
Then, by Lemma 5.3 applied in (5.6) and (5.7) we obtain that (¢’ — a) —» (b’ —> b) € D.
(3) Tt follows from (2) that (¢’ — a) — (b’ — b) € D. Since a =p bthen (~a) -y (~ b) € D.

By (5) of Lemma 3.3, ((~ @) A(@’ — a)) >y (@ = a) = 1 € D. It follows from Lemma 5.3
that ((~ a) A (d = a)) >N (' = b) € D. Similarly, ((~ a) A (@ — a)) >y (~ b) € D.
Straightforward computations based on (4) of Lemma 3.3 show that ((~ a) A (d' = a)) =N
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Dually Hemimorphic Semi-Nelson Algebras 21

(DA > b)) =((~a)A@ —> a) >y (D) A((~a)A@d - a) >y (B —
b)) € D because D is a filter, i.e.

(o)A@ = a) =5y (~b) A = b)) eD. (5.8)

The assertion (~ a’) = (~ aA (@’ = a)) = 1 holds in the algebra by (E32). Then by (2) and
(12) of Lemma 3.3 we deduce that

(~d) >y (~an(d — a)=1eD. (5.9)

Taking into account Lemma 5.3 applied in (5.8) and (5.9) we obtain that

(~d) =N (~b) A — b)) eD. (5.10)

Using (E33) we have that ((~ b) A (b' = b)) — (~ &) = 1. Thus, by (2) and (12) of
Lemma 3.3,

(~b)A (B = b)) >y (~b)=1eD. (5.11)

Therefore, it follows from (5.3) applied in (5.10) and (5.11) that

(~d) >y (~b)eD. O
LEMMA 5.6
Let A = (4,A,V,—,~,,1) € DHMSN and D an N -deductive system of 4. The relation =p is a
congruence.

PROOF. It follows from [10, Lemma 6.7] that =p is an equivalence relation compatible with the
operations ~, A, vV, —. We will prove that =p also preserves the operation’. Let @, b € 4 such that
a =p b. It follows from (1) of Lemma 5.5 that &’ — y &’ € D. Similarly, we have that b — a’ € D.
Taking into account (3) of Lemma 5.5 we have that (~ a’) —y (~ ') € D. In an analogous way,
(~b) =y (~d) e D. Therefore,a’ =p b'. O

Let us now check that every congruence on a dually hemimorphic semi Nelson algebra determines
a deductive system. From now on we denote by Con(A) the congruence lattice of an algebra A. If
® e Con(A) we denote by [[a]le the class of an element a € 4 modulo .

LEMMA 5.7
LetA = (4,A,V,—,~,/,1) € DHMSN. If ® € Con(A), then [1] is an N’ -deductive system.

PROOF. It follows from [10, Lemma 6.4] that [1]]e satisfies Ds1) and Ds2). We will prove Ds3).
Let a € 4 such that (a, 1) € @. Since O is a congruence, (@’ — (~ 1),1’ = (~ 1)) € ©. Then by
(E30) we obtain that I’ — (~ 1) = 1. Therefore, d’ — (~ 1) € [1]e- O

The following three results are consequence from Lemma 5.6, Lemma 5.7, [10, Lemma 6.8], [10,
Lemma 6.10] and [10, Theorem 6.11].

LEMMA 5.8
LetA = (4,A,V,—,~,,1) € DHMSN and D be an N -deductive system of 4. Then [1]=,, = D.

LEMMA 5.9
LetA = (4,A,V,—,~,/,1) e DHMSN and ® € Con(A). Then

=Mnge= 0.
If A € DHMSN we will write Dedn (A) for the lattice of N’-deductive systems of A.
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22 Dually Hemimorphic Semi-Nelson Algebras

THEOREM 5.10
LetA = (4, A,V,—,~,, 1) € DHMSN. Then the lattices Dedx(A) and Con(A) are isomorphic.

It follows from [10, Theorem 6.13] that DHMSN is congruence permutable and it follows from
[10, Corollary 6.14] that DHMISN is arithmetical.

6 Final remarks

In this final section we will prove that the categories DHMSH and DHMSN, are equivalent by
considering an alternative construction to that given in Section 4.

We start with some preliminary definitions and results.

Let A = (4,A,V,—,~,¢,0,1) € SN, and define the set C(4) = {x € 4 : x > «c}.
We have that C(A) = (C4),N,U,=,L1, T) € SH. For a morphism f : A — B €
SN, the map C(f):C(A) — C(B), given by C(f)(a) = g(a), is a morphism in SH. More-
over, C is a functor from SN, to SH. If A € SH then the map ap : A — C(Vi(A))
given by aa(a) = (a,0) is an isomorphism in SH. If A € SN, the map 8o : A —
Vi (C(A)) given by Ba(a) = (a V c,~a V ¢) is an isomorphism in SN.. The following is
[7, Theorem 3.9].

THEOREM 6.1
The functors Vi and C establish a categorical equivalence between SH and SN, with natural
isomorphisms « and .

In what follows we will give some technical properties of DHMSN,.

LEMMA 6.2
IfA = (4,n,U,=,", 1, T) e DHMSH, then V;(A) satisfies the following equalities:
(1) ¥ve=(xve),

2) (xkveyA@ve) =@xve)vve),
B) ~x¥ve=(~xVve)A(xve) = (xVo).

PROOF.

1. ((a,b) Vv (L, L)Y =(@l))=@u"L)=ubnE =a)v(L Ll =(@b) v(L.L).

2. ((@b) Vv (L, ) A(e.d) Vv (L, 1)) = (@ L) A (e, 1)) = @Ne, LY = (ane)t, 1) &
@uct, )=’ L)y vt Ll =@l Vvl =ab) Vv (L L) VedVv(L,Ll)).

3. (~(a,b)v (L, D) A(((a,b) v (L, 1)) = ((a,b) v (L, 1)) = ((b,a) v (L, L)) A(((a,b) v
(L, 1) = (a,b)v (L, 1)) = b, LA, L) = (a, 1) = (b, L)A(a", L) > (a,1) =
b, DA =a,L)=0BNE@ =a),L)=0NG =a,d)v (L, L) =~ @, bn =
a) Vv (L, L)y=~(a,b) Vv (L,L1). 0

The following corollary follows from Lemma 6.2, Theorem 4.8 and the fact that morphisms in
SN between objects in SN, necessarily preserves c.

COROLLARY 6.3

LetA = (4,A,V,—,~,,¢c,0,1) € DHMSNc. Then the following equalities are satisfied:
(1) ¥ve=(@xve),
2 ((VOAEVE) =@Ve) VeV,
B) ~xXve=(~xVve)A(xve) = (xVo).

6102 Joquieoaq 91 uo 3senb Aq Ly/€196/0£022l/1edBil/e60 1L 01 /10pAoBISqE-0IE-00URAPE/[edBI/W0o"dno-lWapEDE//:SdY WOl papeojumod



Dually Hemimorphic Semi-Nelson Algebras 23

LEMMA 6.4
Let A = (4,A,V,—,~/,¢c, 1) be an algebra of type (2,2,2,1,1,0,0) such that satisfies the
following conditions:

(1) (4,A,Vv,0,1) is a lattice with last element,

2) c=1,

B) (xve)A@Vve) =@xve)vVvve).
Then A satisfies (x vV ¢)' > c.
PROOF. Letx € 4. Thenc < cV (x v¢) @ 'v@xvey=(0ve)Yvixve) & (Ave)A(xve)) =
xve). O

LEMMA 6.5
LetA = (4,A,V,—,~,,c, 1) € DHMSNc. Then A satisfies the following equalities:

1) ¢ =1,
) c=1,
3) (xve) >c.

PROOF.

L Note that 1 2 (~ 1y = (~ (1A 0)) = (~ DV (~ 0)) = ((~ vy "2 e
2. It follows from (E30) that 1’ — (~ 1) = 1. Then it follow from (2) and (12) of Lemma 3.3
that

'y (~1) =1 (6.1)
By (9) of Lemma 3.3,
(~1)>nyec=1. (6.2)
By (8) of Lemma 3.3 in (6.1) and (6.2) we obtain that
" >yce=1. (6.3)
By (10) of Lemma 3.3 we have that (cA ~¢) >y (~ 1) = 1. Asc =~c¢,
(~c)>y (~1)=1. (6.4)
By (7) of Lemma 3.3 applied in (6.3) and (6.4) we obtain that
' <c.

By other hand, 1’ v ¢ 63D

(1 vc) =1 Thus,
c< 1.

3. In the previous item we show that A satisfies the equality 1’ = ¢. By (2) of Corollary 6.3 we
have that A satisfies the equality ((x Vc) A (¥ V) = (xVve) Vv (y V). So, by Lemma 6.4
we have that

xve) >c.

LEMMA 6.6
IfA=(A,AV,—,~/,c 1) e DHMSNc then C(4) = (C(4),A,V,—, ,c,1) € DHMSH.
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PROOF. By Lemma 6.5 the equality (x v ¢)’ > c is satisfied. Hence, the operation  is well defined
in C(4). It follows from (1) and (2) of Lemma 6.5 that C(4) verifies (E4) and (E5). Besides, by (2)
of Lemma 6.3 we have that C(4) satisfies (E6). 0

It is immediate that C is a functor from DHMSN, and DHMSH.

LEMMA 6.7

(@) LetA € DHMSH and a € A. Then aa(a’) = aa(a)’.
() Let A € DHMSNc and a € A. Then Ba(d) = Ba(a)'.

PROOF.
(@ aala’) =(a",0)=(a,0) = axl).
) Bad) =@ Vve,~dve) 2 (@avey,~dve) ) (@ve),(~ave) a(@ve) —
(@ave))=(@ve,~ave) =pBala). 0

Therefore, it follows from Lemma 6.7 and Theorem 6.1 the following result.

THEOREM 6.8
The functors Vj and C establish a categorical equivalence between DHMSH and DHMSNc with
natural isomorphisms « and .

In conclusion, the present paper is a continuation of a work started in [10], where the correspon-
dence between the variety of Heyting algebras and the variety of Nelson algebras was generalized in
the framework of the varieties of semi-Heyting algebras and of semi-Nelson algebras, respectively.
More precisely, the main goal of this paper was to extend the results of [10] in the framework of the
variety of dually hemimorphic semi-Heyting algebras [19].
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