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Roberto Cignoli

In the following pages, I will try to give at least a faint image of the per-
sonality of Antonio Monteiro and the important role he played in the development
of Mathematics and Mathematical Logic in Latin America.

Monteiro was a person firmly convinced that the scientific development of a
country was a necessary condition for its economical and social development. Con-
sequently, the major task of his life was to arouse the consciousness of the peo-
ple on this issue and to promote scientific research, first in Portugal and later
on in Brazil and Argentina.

Some of the leading mathematicians of these three countries, as José Sebas-
tido e Silva and Hugo Ribeiro in Portugal, Leopoldo Nachbin and Mauricio Peixoto
in Brazil, and Orlando Villamayor in Argentina, among others, were initially
trained by him.

He initiated the publication of several journals and series of monographs on
mathematics. Some of this publicacions are Portugalia Mathematicae, Gazeta Mate-
matica and the series Cadermos de Analise Geral in Portugal; the series Notas de
Matemética, formely published by the Universidade Nacional do Brasil and now pub-
lished as an international series under the guidance of Leopoldo Nachbin, the
journal Revista Cuyana de Matematica (Mendoza, Argentina), and the series WNotae
de Légica Matematica (Bahia Blanca, Argentina).

One of the best mathematical libraries of Latin America, at the Instituto de
Matemdtica in Bahia Blanca, is a result of Monteiro's personal effort.

His strict moral statute and his compromise with the development of scientif-
ic research caused him serious personal problems in the three countries where he
worked. At the begining of his professional life, Monteiro refused to sign a doc-
ument supporting the corporate Portuguese constitution of 1933, and the govern-
ment prevented him from occupying any position at the universities. Between 1939
and 1943 he did a tremendous effort to develop modern mathematics in Portugal,
but he had to earn his living by giving private lessons and cataloguing the sci-
entific bibliography existent in Portugal. He took this last job very seriously



and learned a lot about the organization of libraries. Of course, those were
years of great deprivations for his family. Almost at the end of his life, in
1974, the goverment-appointed rector of the University at Bahia Blanca fired him
from his position of Emeritus Professor. Since then, he was explicitly forbidden
to enter the university building, not even to consult books and journals in the
library that had been built up through his effort.

His complete name was Antonio Aniceto Ribeiro Monteiro and he was born in Mo-
ssamedes, Angola, on May 31, 1907. After his father's death, when Monteiro was
seven years old, his family returned to Portugal. He obtained his degree of Li-
cenciado em Ciéncias Matematicas from the University of Lisbon in 1930, and imme-
diatly eamed a fellowship from the Ministry of Education of Portugal that allow-
ed him to study at the Institut Henri Poincaré, Paris. In 1936, he got his '"Doc-
teur en Sciences' degree from the Sorbonne, with the thesis "Sur 1'additivité
des noyaux de Fredholm" written under the guidance of Maurice Fréchet.

Monteiro returned to Portugal, where he organized the ''semindrio de Anilise
Geral" 1in Lisbon, and later the "Junta de Investigagdo Matemitica' in Porto,
with the aim of training researchers in mathematics. As explained before, these
activities had no support from the university.

In December of 1945 Monteiro was appointed professor at the Universidade Na-
cional do Brazil (now Universidade Federal de Rio de Janeiro). Later he was also
a professor at the Fundagdo Getulio Vargas and participated in the organization
of the Centro Brasileiro de Pesquisas Fisicas.

In 1949 he had to leave Brazil, and was appointed professor at the Universi-
dad Nacional de Cuyo, in San Juan, Argentina. At this university he contributed
greatly to the creation of an Institute of Mathematics, entirely devoted to re-
search, which played a very important role in the development of mathematics in
Argentina. Two important events, of a wide latin-american projection, were organ-
ized by this Institute, with UNESCO support: a course for trainning latin-ameri-
can professors in mathematics (February-March, 1955) and a Symposium (July, 1955)
in which almost all the mathematicians that were at the time in Latin-America
participated. Unfortunately, at the end of 1955 the Institute was deactivated by
the university authorities. In 1956 Monteiro moved to Bahia Blanca, where, at the
Universidad Nacional del Sur, he organized the Institute of Mathematics and de-
veloped the programs of 'Licenciatura' and "Doctorado'. In 1969-1970 he received
a grant from the Consejo Nacional de Investigaciones to visit several European
wniversities. This was his first visit to Europe after 25 years in Latin-Ameri-
ca. In 1970, at the age of 65, he was appointed Emeritus Professor; he was fired
in 1974. In 1977 he went to Portugal to return later to Bahfa Blanca in 1979,

where he died on October 29, 1980.



During his years in Paris, Monteiro was in touch with some of the leaders
of the classical French School of Analysis, like E. Borel, H. Lebesgue, H. Ha-
damard and, simultaneously, was a witness to the moderns trends in the study of
algebraic and topological structures. He participated in the Julia's Seminar
which was the kernel of the N. Bourbaki group. At that time (late thirties), the
papers by M. Stone on the topological representacion of Boolean algebras and
distributive lattices, those by G. Birkwoff on the foundations of lattice theory
and universal algebra, and those by A. Tarski on Boolean algebras and the rela-
tions between deductive systems and closure operators appeared. They strongly
influenced Monteiro and, according to his own words, he devoted his work to the
study of topological spaces, lattices, and the relations among them.

The first papers Monteiro wrote, after his return to Portugal, were on the
foundations of general topology. His research on the characterization of closure
operators and continuous functions naturaly led him to the theory of partially
ordered sets and lattices.

The integers Z form a lattice, under the order relation of divisibility. The
filters of this lattice are precisely the ideals of Z as a ring. The maximal fil-
ters are the sets of multiples of prime numbers and the prime filters are the
sets of multiples of prime powers. The basic arithmetic properties of Z can be
expressed in terms of filters. For instance, the decomposition of an integer in-
to prime factors is equivalent to the fact that each filter in the lattice Z
is a finite intersection of prime filters. Thus lattices can be considered as
generalization of the integers, and the study of the properties of the filters
of a lattice can be considered as an "arithmetic' for this lattice.

The filters of a lattice, ordered by inclusion, from a new lattice. Montei-
ro and his coworker's research in Brazil was mainly devoted to the study of the
relationship between a lattice and the lattice of its filters. For instance,
they characterized the lattice of filters and prime filters of several classes
of lattices. An important property proved by Monteiro (1947) is that a lattice
L is distributive if and only if each filter of L is an intersection of prime
filters. Consequently, we can say that distributive lattices are exactly those
lattices in which the analogue of the factorization of an integer holds.

Real numbers generalize the integers, and topological spaces, in a sense,
generalize the real line. Then we may consider topological spaces as general-
izationsof the integers, and it then appears natural to look for some type of
arithmetic properties in topological spaces. This is the point of view adopted
by Monteiro in his paper Arithmétique des espaces topologiques (1950)*. Given
a topological space X, the closed sets of X, ordered by inclusion, form a dis-

* Submitted to the French Mathematical Society for a contest in honor of Maurice
Fréchet, it was among the four best papers presented(Bull.Soc.Math.France, 1951,
XXXIX-XL). Twenty years later, published in "Notas de Ldgica Matematica" of
Bahia Blanca, N2 29 (1974), under the title: L'Arithmétique des filtres et les
espaces topologiques - I.



tributive lattice L(X). Monteiro viewed the filters of L(X) as generalized inte-
gers. He showed how some of the separation axioms currently considered in topol-
ogy can be interpreted in terms of arithmetic properties of L(X). For instance,
X is a normal space if and only if each prime filter of L(X) is contained in a
unique maximal filter. In the lattice Z, this property is obvious because prime
filters correspond to prime powers, and maximal filters to prime numbers. More-
over, X is a completely normal space if and only if given a prime filter P of
L(X), the set of filters F of L(X) such that P ¢ F is totally ordered by inclu-
sion. This property is stronger than the previous one, and it is also a property
of the lattice Z. These two examples illustrate Monteiro's idea: the spacesX such
that L(X) has arithmetic properties closer to those of the lattice Z, should be
considered better generalizations of the intergers.

The lattices of closed sets are more than distributive lattices: they are
Brouwerian algebras. Their duals, Heyting algebras, are the algebraic counter-
parts of the intuitionistic propositional calculus, and they play for intuition-
istic logic the same role as that of Boolean algebras for classical logic. In
the previously mentioned paper, Monteiro considered Brouwerian and Heyting alge-
bras in detail. For instance, he gave the interesting algebraic result that the
class of Boolean algebras coincides with the class of semi-simple Heyting alge-

bras.

During his first years in Argentina, Monteiro continued his research on Brou-
werian and Heyting algebras. Around 1955, Halmos introduced polyadic algebras as
a tool for the algebraic analysis of quantifiers, and immediately Monteiro showed
that it was possible to give a non-trivial generalization of the theory of mona-
dic Boolean algebras to monadic Heyting algebras.

Throughout the study of Boolean and Heyting algebras, Monteiro became inter-
ested in the algebraic aspects of logic, this interest having been aroused by
direct contact with Roman Sikorski and Helena Rasiowa when they visited Bahia
Blanca in 1958. Monteiro applied his mathematical experience to the study of al-
gebraic systems related to non-classical logics. He was convinced that the alge-
braic methods in logic would have important technological applications in the
future, as a consequence of the development of computers. In view of such pro-
spective applications, he tried to use finitistic and combinatorial methods in
studying classes of algebras, whenever possible.

Given a class of algebras K, it was a basic problem for him to decide if the
finitely generated free algebras in K were finite, and if so, to find explicitly
the number of its elements as a function of the number of free generators. In
general, to achieve this goal it is neceésary to have a deep understanding of
the structure of the algebras in K. As an example, let me reproduce the formula
giving the number of elements L, (r) of the free algebra with r free generators
in the class K, corresponding to the n-valued Lukasiewicz propositional calculus
(n an integer > 2). Here, D is the set of divisors of n-1, M(d) is the set of



maximal divisors of d, A denotes the greatest common divisor and |X| is the num-
ber of elements of X:
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This formula was obtained by Monteiro in 1969, solving in this way a problem
which was open since 1930.

In the same vein, he determined the structure of the finite De Morgan and
Nelson algebras. Monteiro investigated in depth the structure of Nelson algebras
(introduced by H. Rasiowa as the algebraic counterparts of the constructive lo-
gic with strong negation considered by Nelson and Markhoff), and he proved that
the class of semi-simple Nelson algebras coincides with the class of algebras
corresponding to three-valued Lukasiewicz logics. Thus he showed that, from the
algebraic point of view, the three-valued Lukasiewicz logic stands in the same
relation to constructive logic with strong negation as classical logic does to
intuitionistic logic.

Monteiro also proved that each three-valued Lukasiewicz algebra can be rep-
resented as a suitable monadic Boolean algebra. He liked this result very much,
because it meant that Lukasiewicz three-valued propositional calculus had an
interpretation in the classical monadic functional calculus. This results is anal-
ogous to the construction of Euclidean models of non-Euclidean geometry.

It is worthwhile to mention here that Monteiro also characterized the class
of monadic Boolean algebras as the class of semi-simple closure algebras.

Monteiro won the 1978 prize for scientific and technological achievements
from the Gulbenkian Foundation in Lisbon, for a manuscript on symmetric Heyting
algebras,where he gave a rather detailed account of some of his work done in the
previous years*

I have tried to give here a brief indication of what I consider Monteiro's
main contributions to mathematics, but there are many more. Usually, he just
published short summaries or abstracts of his main results. The details as well
as the underlying ideas of his work were given in his courses and seminars, and
they are dispersed in the notes taken by his .students.

I am sure that Monteiro will live for ever in the memory of all who, like
myself, have had the privilege of receiving his teaching on both, moral conduct
and mathematics.

* To appear in Portugalia Mathematicae.
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