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Abstract

In this paper, we introduce an implication operation, called weak implication, which will be quite
useful in order to characterize subdirectly irreducible monadic Heyting algebras. Furthermore, it
is shown that deductively semisimple algebras are the non trivial ones such that the subalgebra
of constants is a Tarski algebra with first element, i.e. a Boolean algebra, as it is mentioned by
A. Monteiro and O. Varsavsky in 1957 (Algebras de Heyting monddicas, Actas de las X Jornadas
de la Unién Matemdtica Argentina, Bahia Blanca, (1957), (52-62). Finally, it is stated that some

of the results established for monadic Heyting algebras are also valid for monadic generalized

Heyting algebras.
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1 Preliminaries

We refer the reader to the bibliography listed here as [1, 2, 3, 4] for specific details of the many
basic notions and results of Heyting algebras including distributive lattices and universal algebras
considered in this paper.

In 1995, A. Monteiro described Heyting algebras, which he called Brouwer algebras, as algebras
(L,N,V,—,0,1) of type (2,2,2,0,0) satisfying the identities:

(H1) z >z =1,

(H2) (z—=y)Ay=y,

H3) zA(z = y) =z Ay,

H4) z—= (yhz)=(z = y)A(z— 2),
H5) (zVy) = z=(x—=2)A(@y—2),
(H6) 0Az = 0.

It is simple to verify that in any Heyting algebra L the following properties hold ([3]) :
H7) zAy<zifandonlyify <z — z,

(HS
(H9
(H10
(H11
H12) z > (y = 2)=(zAy) = z=(z = y) = (z = 2).

)  <yifand only if x -y =1,
) y<z =y,

) z <y implies z - x < z — y,
)

r <yimpliesy —» z < x — 2z,

In 1957, A. Monteiro and O. Varsavsky ([5]) (see also [6, 7, 8]) considered a generalization of monadic
Boolean algebras ([9]) and defined monadic Heyting algebras as follows:

A monadic Heyting algebra (or M H—algebra) is a triple (L, V,A) where L is a Heyting algebra
and V, A are unary operations on L which satisfy the following conditions:

(E1) VO =0, (E7) Ax < =,

(E2) z < Ve, (E8) Az Ay) = Az A Ay,
(E3) V(z A Vy) = Vz A Vy, (E9) AAz = Az,

(E4) V(z Vy) =Vz Vv Vy, (E10) AVz = Vuz,

(E5) VVz = Vz, (E11) VAz = Az

(E6) A1 =1,

From the above definition, it immediately follows that V is a quantifier on L ([10, p.185]) and A
is the dual of an additive closure operator ([3, p.47]), called existential quantifier and universal
quantifier respectively.

In what follows we will denote by M H the variety of M H—algebras and they will usually be
indicated by L.

The well-known results announced here for M H will be used throughout the paper.

(MH1) If L € MH, then it is simple to verify that x = Az if, and only if, z = Vz and that A(L)
is a subalgebra of L.
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(MH2) Let L € MH. Then, D C L is a monadic deductive system if it verifies: (D1) 1 € D, (D2)
z,x — y € D imply y € D and (D3) x € D implies Az € D. We will denote by D(L) the
sets of all monadic deductive systems of L.

(MH3) Let L € M H with more than one element and let Con(L) be the lattice of all congruences
on L. Then, Con(L) = {R(D): D € D(L)}, where R(D) = {(z,y) e LXL: z = y,y —
z € D}. Besides, the lattices Con(L) and D(L) are isomorphic considering the mappings
6 — [1]o and D — R(D), which are mutually inverse, where [z]s stands for the equivalence
class of  modulo 6.

2 Subdirectly Irreducible MH-Algebras

Next, our attention is focused on characterizing subdirectly irreducible as well as simple M H —algebras.

Lemma 2.1. Let L € M H and a € A(L). Then, [a) ={z € L: a <z} is the monadic deductive
system generated by a.

Proof. 1t is routine. O

Theorem 2.2. Let L € MH with more than one element. Then, the following conditions are
equivalent:

(i) L is subdirectly irreducible,

(ii) A(L)\ {1} has last element.

Proof. (i)=-(ii): By the hypothesis and (MH3), there is Do € D(L) \ {1} such that Dy C D for all
D € D(L) \ {1}. Since Do # {1}, there is p € Do, p # 1. From Ap # 1 and Ap € Dy it follows
that [Ap) C Do and, consequently by Lemma 2.1, we have that [Ap) = Dg. On the other hand, let
x € AL\ {1}. Hence, Lemma 2.1 allows us to assert that [x) € D(L) \ {1} and so, we have that
[Ap) C [z). Therefore, Ap is the last element of AL\ {1}.

(ii) = (i): Let D € D(L) \ {1}. Then, there is z € D, = # 1 and so, Az € A(L) \ {1}. If p is the
last element of A(L) \ {1}, hence Az < p. Therefore, Dy = [p) C D for all D € D(L) \ {1} and by
well-known results of universal algebra ([4]) we conclude the proof. O

Definition 2.1. Let L be a Heyting algebra. A ug—pair on L is a pair (V,A) of unary operations
on L such that (L,V,A) e MH.

Definition 2.2. Let L be a Heyting algebra and (V,A) be a ug—pair on L. (V,A) is said to be
simple if Az =0 for allz € L, x # 1.

It is easy to see that Ax =0 for all x € L, x # 1 if and only if Vx =1 for all z € L, z # 0.

Theorem 2.3. Let (L,V,A) € MH with more than one element. Then, the following conditions
are equivalent:

(i) (L,V,A) is simple,

(i1) (V,A) is simple.

Proof. (i)=-(ii): Let x € L, x # 1. Hence, by Lemma 2.1 we have that [Az) € D(L) \ {1} and
taking into account that L is simple we conclude that [Az) = L for all x € L, © # 1. Therefore,
Az =0forallz e L, x #1.

(ii) = (i): Let D € D(L) \ {1}. Then, there is € D,  # 1. From the hypothesis and the fact that
Az € D\ {1}, we have that 0 € D which implies that D = L. O
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3 Deductively Semisimple MH-Algebras

Our next task will be to indicate a characterization of deductively semisimple M H —algebras
different from the one announced in [5] without proof.

The following result will be used in the subsequent parts of this section.
Lemma 3.1. In M H the following identities hold true:

(E12) V(Az — Ay) = Az — Ay,

(E13) A(Az — Ay) = Az — Ay,

(E14) ALz —y) = Az — Ay.

Proof.

(E12): We have that

V(bhz = AyyADdz = V((Az — Ay)) AVAz, by (E11)

= V((Az — Ay) AVAZ), by (E3)
= V({(Az — Ay)AAz), by (E11)

= V(Az A Ay), by (H3)
= VA(zAvy), by (E8)
= Az Avy), by (E11)
= Az A Ay, by (E8)
< Ay

and so, V(Azx — Ay) < Az — Ay. The other inequality follows from (E2).
(E13): It is an immediate consequence of (E12) and (MH2).

(E14): From (E13) and (E7) we have that Az — Ay = A(Az — Ay) < A(Az — y). Conversely,
we have that

ALz - y) NDx = A(Dx—y)ANAADz, by (E9)
= A((Azx —y)ANAzx), by (E3)
= ALz Avy), by (H3)
ANz N Ay, by (E8)
< Ay.
Hence, A(Az — y) < Az — Ay. O

In order to find the characterization we were looking for, we define a new binary operation = on
an M H—algebra L, which we call weak implication, by means of the formula:

x=y=A40r —y.
Lemma 3.2. The weak implication verifies the following properties:
1) z=2=1,
12) z=>(y=2z)=1,
W) =w=2)=>((z=y)=@=2)=1,
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(I4) 1=z =u,

(I5) z=Ax=1,

(16) = <y implies x =y = 1.
Proof. We will only prove (I3).
(I3): From the definition of =, E14 and H12 we have that (z = y) = (z = 2) = A(Az = y) —
Az — 2) = (Ax = Ay) = (Ax = 2) = (D = Ay) - (Dz = 2) =D — (Ay = 2) =z =
(y = 2).

Hence, by (I1) we conclude the proof. O

Definition 3.1. Let L € M H and D C L. D is a week deductive system of L if it satisfies:
(wdl) 1€ D,
(wd2) z,z =y € D imply y € D.

Lemma 3.3. Let L€ MH and D C L. Then, the following conditions are equivalent:

(i) D is monadic deductive system,

(ii) D is a weak deductive system.
Proof. (i)=-(il): Suppose that z,z = y = Az — y € D. Then, by (D3) we have that Ax € D,
and so by (D2) we get y € D.
(i) = (i): It is plain that (D3) follows from (I5) and (wd2). Suppose now that =z, z — y € D.
Hence, by (H11) we infer that + — y < = = y. From this assertion and (I6) we have that
(r = y) = (r = y) € D, and so by (wd2) we conclude that y € D. O

Now, we have achieved our desired goal of characterizing deductively semisimple M H —algebras and
thus, restated in a more explicit form the results established in [5].

Lemma 3.4. Let L € M H and x,y € L. Then, the following identities are equivalent:

(i) (Az — Ay) — Az = Ax,
(ii)) ((Azx = Ay) = Az) - x =1,
(iii) (z=y)=z)=z=1.
Proof. (i)=-(ii): By (I1), we have ((Az — Ay) —» Az) 2= Az -z =2 = z = 1. (ii) = (iii):
(z=y)=2)=>2=A0AL2 — y) — ) — z. Hence, by (E14) we have ((z = y) = 2) =z =
ALz = y) = Ax) » 2= ((Ax — Ay) = Az) 5 x=1.

(iii) = (i): From the hypothesis, (I2) and (I6) we conclude that (z = y) = = = z and so,
x = A(Az — y) — z. Hence, by (E14) we have that Az = A(Az — y) = Az = (Az — Ay) —
Azx. O

Theorem 3.5. Let L € M H be non trivial. Then, the following conditions are equivalent:
(i) L is a deductively semisimple M H—algebra,
(ii) L satisfies the identity (Azx — Ay) — Az = Az,
(iii) A(L) is a monadic Tarski algebra,
(iv) A(L) is a monadic Boolean algebra.
Proof. 1t is a direct consequence of Lemma 3.1, 3.2, 3.3, 3.4, [11, pag. 427-431] (see also [12])

and well-known results on monadic Tarski algebras (see [13]) and monadic Boolean algebras (see

[9))- N
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4 Concluding Remarks

Recall that a generalized Heyting algebra (or Ho—algebra)([2]) is an algebra (L, A, V,—, 1) of type
(2,2,2,0) which satisfies (H1) to (H5). Then, we can define monadic generalized Heyting algebras
(or M Hyp—algebras) as triples (L, V, A) such that L is an Ho—algebra and it verifies the identities
(E2), ..., (E11).

Hence, all the results obtained for M H—algebras which do not involve the first element also hold
true for M Hyp—algebras. Thus, for example, semisimple M Ho—algebras are characterized as follows:

Let L be a non trivial M Ho—algebra, then the following conditions are equivalent:
(i) L is a deductively semisimple M Hp—algebra,
(ii) L satisfies the identity (Az — Ay) = Az = Az,
(iii) A(L) is a Tarski algebra.

On the other hand, if L € M H it is easy to see that the identity (E1) is a consequence of (E7) and
(E11). However, condition (E13) is not a consequence of (E6),. .., (E9). To this end, let us consider
the lattice L shows in Fig. 1 with the operations — and A defined as follows:

1
— ‘ 0 a b 1 x| Ax
o1 1 1 1 0 0
a b a | b 1 b 1 al| a
b la a 1 1 b 0
110 a b 1 1 1
0
Fig. 1. Lattice L
Indeed, it is easy to see that (E6), ..., (E9) hold, but (E13) is not verified for x = a and

y = 0. Motivated in this example, we introduce the notion of U—Heyting algebras as algebras
(LA, V,—, A, 0,1) of type (2,2,2,1,0,0) such that (L,A,V,—,0,1) is a Heyting algebra and A
satisfies (E6),. . .,(E9) and (E13). In a prospective paper we will develop the theory of these algebras.

Acknowledgement
The support of CONICET is gratefully acknowledged by Gustavo Pelaitay.

Competing Interests

The authors declare that no competing interests exist.

References

[1] Boicescu V, Filipoiu A, Georgescu G, Rudeanu S. Lukasiewicz—Moisil Algebras. North-Holland,
Amsterdam; 1991.



Figallo & Pelaitay; BJMCS, 12(1), 1-7, 2016; Article no.BJMCS.20464

3]
(4]

[6]
[7]

(8]

[9]
[10]
[11]

[12]

[13]

Monteiro A. Axiomes independants pour les algebres de Brouwer. Rev. de la Unién Matematica
Argentina. 1955;17:149-160.

Balbes R, Dwinger P. Distributive lattices. University of Missouri Press, Columbia; 1974.

Burris S, Sankappanavar HP. A course in universal algebra. Graduate Texts in Mathematics,
78, Springer, Berlin; 1981.

Monteiro A, Varsavsky O. Algebras de Heyting monddicas, Actas de las X Jornadas de la
Unién Matemética Argentina, Bahia Blanca. 1957;52-62. A French translation is published as
Notas de Légica Matematica 1, Instituto de Matematica, Universidad Nacional del Sur, Bahia
Blanca.1974;1-16.

Bezhanishvili G. Varieties of monadic heyting algebras. I. Studia Logica. 1998;61(3):367-402.

Bezhanishvili G. Varieties of monadic heyting algebras. II. Duality theory. Studia Logica.
1999;62(1):21-48.

Bezhanishvili G, Harding J. Functional monadic heyting algebras. Algebra Universalis.
2002;48(1):1-10.

Halmos P. Algebraic logic, Chelsea, New York; 1962.
Cignoli R. Quantifiers on distributive lattices. Discrete Math. 1991;96:183-197.

Monteiro A. La semi-simplicite des algebres de boole topologiques et les systemes deductifs.
Revista de la Unién Matematica Argentina. 1971;25:417-448.

Monteiro A. Sur les algebres de heyting simetriques, special issue in honor of Antonio Monteiro.
Portugal. Math. 1980;39(1-4):1-237.

Figallo AV. Free monadic tarski algebras. Algebra Universalis. 1996;35:141-150.

©2016 Figallo & Pelaitay; This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:

The peer review history for this paper can be accessed here (Please copy paste the total link in your browser
address bar)

hitp://sciencedomain.org/review-history/11612



http://creativecommons.org/licenses/by/4.0

	Preliminaries
	Subdirectly Irreducible MH-Algebras
	Deductively Semisimple MH-Algebras
	Concluding Remarks

