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Abstract
The article describes the contribution of Romanian scientists in several fields of scientific
research, on the fundamentals of calculus theory, the fundamentals of cybernetics, the algebra
theory of automatic mechanisms, the mathematical logic applied to the construction and use of
the first electronic computers, etc. In the 1960s, Romania was considered among the first
countries in the world (after the USA, England, USSR, Germany, France, Japan, Austria, the
Netherlands, Italy, Denmark) on research and efforts to build an electronic computer. The
Romanian School of Mathematics developed under the influence of the Romanian
mathematicians who supported their doctorates with prestigious mathematicians from France,
Germany, and Italy. Mathematician Gabriel Sudan (1899-1977) published in 1927 (before W.
Ackermann, 1928) the first recursive function that is not primitive recursive. Dr. Ştefan
Odobleja (1902-1978) - a professional military doctor, is one of the forerunners of generalized
theoretical cybernetics and Artificial Intelligence, the author of "Consonant Psychology,"
published in Paris for the first time in 1938. In the 1950s, Grigore Moisil (1906-1973)
developed a new theory of finite automata and proposed what is known today as
"Łukasiewicz–Moisil algebras" and which Gr. Moisil applied to the logic of commutation
circuits, which is an important contribution to the development of computer science.
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1 Contribution of Romanian scientists to the appearance of electronic computers
Motto:“Sciences and theories have an evolution and development, but also a dynamic of
concepts and terms that can change through new meanings and new valences. Man is the
result of his own efforts for knowledge and learning, and of the influences of society
(phenomena, processes, decisions, etc.) which works on him. The destiny of the people, but
also the destiny of the institutions (structures for organizing the activities of a human society)
are influenced and guided by a multitude of factors, events and moments resulting from
processes, phenomena (controlled or not by people), deliberate decisions at the individually,
collectively, regionally or globally levels.” M. Vlada (ICVL & CNIV Projects, 2011)

Today, Informatics is part of the exact science class, together with Mathematics, Physics and
Chemistry. Mathematics is the oldest in the class of exact sciences, and Informatics is the science
with the most vertiginous development, with a revolutionary impact for all other sciences, as well
as for all fields of activity of human society. Computer Science has emerged and developed as a
science in the second half of the 20th century, after 1960, when the modern computer (computing
machine), designed by mathematician John von Neumann (1903-1957) and based on computability
of Alan Mathison Turing's ideas (1912-11954). Informatics has developed theories, methods and
techniques of data / information / knowledge processing using computer performance that is
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designed after the architecture of John von Neumann [29], the architecture based on A. Turing's
works (1936) describing the so-called Turing machine [30]. In 1943, Turing built Colossus, the
first electronic digital computer to decrypt German codes, and in the period 1945-1946 he
contributed to the prototype of the Automatic Computing Engine, physically made later in 1950. In
1946, Turing presented a paper what is the first detailed project of a stored program calculator. At
present, this architecture is recognized and valid.
In Romania, one can speak about a high level of development and use of Information and IT & C
(Information and Communication Technology) as a result of the scientific progress generated by
mathematicians who, in collaboration with physicists, engineers, etc. made possible the emergence
of computers and, above all, the methods and technologies of computer use in solving various
problems in the scientific, technical, economic, social, medical, military, etc. areas. Worldwide, in
the 1940s, with the development of newer and more powerful computing machines, the term
Computer (calculating man) referred to machines rather than to their human predecessors. It
became clear that these computers could be used for complex mathematical computations, and
computer science / computer science expanded to study computing in general. Informatics began
to be established as a distinct academic discipline in the 1950s and early 1960s. The first IT
specialization in the world, the Cambridge Diploma in Computer Science, began at the University
of Cambridge at the Computer Laboratory in 1953. The First Computer Specialization science /
computer studies in the United States was at Purdue University in 1962 ("Computer Science
Pioneer Samuel D. Conte dies at 85", Purdue Computer Science, July 1, 2002. Retrieved
December 12, 2014.). In Romania, in 1960, at the initiative of Professor Grigore C. Moisil, the
Department of Computing was founded within the Faculty of Mathematics, which he graduated for
many generations, and in February 1962, through the efforts of Professor Grigore C. Moisil
supported by the professors at the Faculty of Mathematics and Physics, was established the
"Computer Center of the University of Bucharest" (CCUB) [37].
Initially, although many people believed that it was impossible for the field of computers to be a
scientific field of study at the end of the 1950s, it gradually became accepted among the academic
community. The IBM (International Business Machines) brand that was part of this IT revolution.
IBM 704 (1954) and then IBM 709 computers were launched, which were widely used, although
the cost of these computers was very high. Over time, significant improvements have been made
in the use and efficiency of computing (computers). Modern society has seen significant change in
IT users, from users only by experts and professionals to users in all areas of activity. Initially,
computers were quite expensive and some human help needed for efficient use - partly from
computer operators. As computer adoption became more widespread and more accessible, less
human assistance was needed for common use [21]. We mention that in the 1960s Romania was
considered among the first countries in the world (after USA, England, USSR, Germany, France,
Japan, Austria, Holland, Italy, Denmark) on research and efforts to build electronic computer. The
Romanian School of Mathematics developed under the influence of the Romanian mathematicians
[32, 37] who took their doctorates in the following countries (in 1860 the University of Iasi was
founded, and in 1864, the University of Bucharest):
• France - the first doctors in mathematics in Paris: Spiru Haret (1878), David Emmanuel (1879),
Constantin Gogu (1882) and Nicolae Coculescu (1895), followed by Gheorghe Titeica (1899),
Dimitrie Pompeiu (1905), Traian Lalescu (1908), Constantin Popovici (1908), Simion Stoilow
(1916), Miron Nicolescu (1928), Alexandru Ghika (1929), Alexandru Froda (1929), Nicolae
Teodorescu (1931), Tiberiu Popoviciu 1935), Caius Iacob (1935);
• Germany - Alexander Myller (1906), Victor Valcovici (1913), Gabriel Sudan (1925), Dan
Barbilian (1929);
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• Italy - Octav Onicescu (1920), Gheorghe Vranceanu (1924), Gheorghe Mihoc (1930), Ion
Creanga (1930), Mendel Haimovici (1932).
After 1940, a leading role was played by the mathematician acad. Grigore C. Moisil (in 1942 he
transferred from Iasi to Bucharest) - today he was considered the founder of the Romanian
computer science, who with great vision and enthusiasm fought and acted to concentrate the
efforts of researchers and scientists for the appearance of the computer electronics and use to solve
complex problems in all areas of people's activity. Moreover, he considers a mathematician's duty
to get involved in creating a community of scientists and scientists to collaborate on using
computers to solve problems in society. It forecasted a new era in world science and technology
through the appearance and use of the computer. "In the 1950s, Moisil developed a new theory of
finite automata and proposed what is known today as" Łukasiewicz–Moisil algebras (LMn
algebras)"and which Grigore Moisil (1906-1973) applied to the logic of commutation circuits, an
important contribution to the development of computer science." Andrei Neculai [18]. In [11] is
presented the definition of Łukasiewicz–Moisil algebras (LMn algebras):
Definition. Let

J  {1,2,..., n  1} . An n-valued Łukasiewicz-Moisil algebra (n≥2) or an LMn bf

algebra for short is a algebra A 

(A, ,, ¯, (rj ) jJ ,0,1)

of type (2,2,1, (1) jJ ,0,0)

such that:
(i) (A, ˅, ˄, ¯, 0, 1) is a De Morgan algebra,
(ii) the unary operations r1, r2,

…

for every x, y  A and every i, j  J ,

,rn-1

fulfil

the

following

axioms:

(L1) rj(x˅ y) = rjx˅ rjy
(L2) rjx˅(rjy)¯ = 1
(L3) rj o ri = ri
(L4) rj(x¯) = (rn-jx)¯
(L5) r1x ≤ r2x ≤ … ≤ rn-1x
(L6) if rjx ≤ rjy for every j  J , then x=y; this is the determination principle.
If A fulfils (i) and only (L1)-(L5) we shall say that A is an LMn pre-algebra.
In this effort Gr. C. Moisil encountered obstacles, some of them even from some colleagues in the
university, or from the governing bodies of the country, obstacles generated by the political context
of that period, but also by the mentalities of some reserved people in terms of change and evolution.
For example, after 1970, he became divergent with his former friend and colleague Nicolae
Teodorescu, dean of the Faculty of Mathematics, having to transfer his teaching to the Faculty of
Philosophy and the Faculty of Law. Professor Constantin P. Popovici's testimony is proof of this: Gr.
C. Moisil proposes to the Dean and the Teaching Council that a number of specialists outside the
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faculty should be invited to hold some lessons on the current research of mathematics and the use of
computers in solving problems from the fields; The Teaching Council did not approve this proposal,
killing Moisil. Instead, he was helped by Mircea Malita, colleague of the faculty, minister of
education from 1970 to 1972. From his memories of Moisil, Mircea Malita tells that when he was a
minister, he often came to the ministry because it insists greatly that it is time to start the
computerization of Romania: the establishment of computer schools (High schools and vocational
schools), departments of computer science transformed into faculties of computer science, computer
centers etc. However, Moisil managed to impose that in 1971, the specialization of Informatics
appeared at the major universities in Romania. On January 27, 1973, Gr. C. Moisil wrote a memo to
the Dean of the Faculty of Mathematics, I. Bucur, regarding some proposals for the training of IT
teachers and specialists, where he concluded: "That's why I think, for the mathematical progress in
our country, it is dangerous to teach computer science somewhere outside the mathematics
faculty"[14], reproduction after [15]. The evolution of history gave Moisil justice. He succeeded, for
a relatively briefly period, to see the evolution of this specialization, because on May 21, 1973, he
died in Ottawa, Canada ,after having had several conferences at several US universities.
Internationally, Acad. Gr. C. Moisil, was recognized as the first Romanian having contributions to
the emergence and development of computers in Romania, being awarded (post-mortem) with the
Computer Pioneer Award by IEEE Computer Society [8, 34]: "For the development of the polyvalent
logic switching circuits, the Romanian School of Computing, and the support of the first Romanian
computers." The award was handed over to Moisil's wife, Viorica Moisil, in a ceremony held at the
Government of Romania in 1996 (fig. 1).

Fig. 1. Gr. C. Moisil, Computer Pioneer Award of IEEE Computer Society, 1996 [16, 34]

In Bucharest, at the Institute of Atomic Physics Bucharest- Magurele, between 1954 and 1959, the
first Romanian computers (first generation CIFA-1 (1957) and CIFA-2 (1959) were realized, by
the team led by eng. Victor Toma and under the scientific leadership of Tudor Tanasescu. It
followed in 1964, the computer built with transistors (generation II), CET500. In 1969, the
"Computer Center of the University of Bucharest" (CCUB) was equipped with an American
computer system IBM 360/30 (originally the IBM 360 computer was in the Bucharest exhibition,
after which it was bought from the IBM subsidiary Vienna), which has been used to train many
generations of computer scientists, contributing to the IT program in Romania. In October 1965,
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Grigore C. Moisil became Head of the Computer Engineering Department at the Faculty of
Mathematics and Mechanics where he taught Special Chapters of Calculus Machines and
Programming Theory. In 1966 an important event was the International Colloquium "Computer
Techniques and Computers", organized by the Computer Center of Bucharest University (CCUB),
ASE and “Politehnica” University in Bucharest, on the basis of financial support from the
Romanian Government. The CCUB's young researchers have contributed substantially to the
organization of this Colloquium [42]. The colloquium has brought new experiences in the field of
computers [37, 42]. In 2003, recognizing them as pioneers of Romanian informatics, the
Romanian presidency awarded Victor Toma, Armand Segal, Vasile Baltac, Gheorghe Farkas,
Mircea Bocu and Emil Muntean, with the National Order of Knight's Grave Service.
In Cluj-Napoca, at the Computer Institute, computers MARIKA (1959), DACICC-1 (1959-1963)
and DACICC-200 (1968) were built. In 1962, the Department of Computer Engineering was
established, where the first computer courses were taught, one in the fourth year, Computing
Machines, held by confessor Kiss Ernest, and another Programming in the FORTRAN language,
taught by Prof. D. D. Stancu. It is worth mentioning that during the period 1950-1961, the
MECIPT-1 computer was built at the Polytechnic Institute of Timisoara, using the original design
of Iosif Kaufmann and eng. William Löwenfeld. The dome of the central pavilion of the
“Romexpo” building, located in the „Piata Presei Libere” Square, was designed with the MECIPT1 computer. Also, using the MECIPT-1 computer, the calculation tables for concrete casting in the
Vidraru dam were listed.
In 1958-1960, Professor Adolf Haimovici initiated a series of conferences on "Applied
Mathematics and Computer Science" in University “Al. I. Cuza” of Iaşi, and in 1960 he held his
first "Elements of Informatics" course, while in 1961, Professor Costică Cazacu introduces in the
course "Complementary Mathematics" which includes Programming Theory Elements and Game
Theory. In the curriculum of the Faculty of Mathematics in Iasi, the first course of "Calculable
Machines" appeared. In 1968 the first Romanian book in this field is published "Universal
Computers and Programming Theory" authored by Professor Costica Cazacu. In 1965, the
Department of Computational Machines was established, which became the Department of
Computer Science in 1971. In 1992, the Faculty of Informatics was founded based on the
Department of Computer Science from the Faculty of Mathematics, the first Faculty of Informatics
in Romania. Professor Călin Petru Ignat was the director of the University's Computer Center
where, in 1979, was initiated the first National Computer Science Symposium, “INFO-IASI”.
2 Calculation Theory and Cybernetics
"Development of Western science is based on two great achievements: the invention of
the formal logical system (in Euclidean geometry) by the Greek philosophers, and the
discovery of the possibility to find out causal relationships by systematic experiment
(during Renaissance)." Albert Einstein (1953)

Today, it can be appreciated that there is an important period in the emergence and evolution of
Informatics, and in the construction of computers: The period 1920-1940 (Fundamentals and
Concepts), where the ideas and concepts of calculus theory, the study of recursive functions, as
well as defining formal systems and calculus limits, completing the concept of algorithm as a
support for a computing machine (Turing machine or Post machine); in this period came the ideas
and studies on Cybernetics, which laid the foundation for the concept of system (for man and
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machine), system science (control and communication between the components of a system) and
which led to the construction of computer systems [ 41].
Analyzing the development of ideas, theories, concepts, and building of computing systems, one
can assert that there are two important directions in computer evolution:
 Hardware Component - represented by systems (computing units - microprocessor,
storage units - memory, communication units-bus), electronic circuits (equipments), Input
/ Output devices;
 Software Component – represented by algorithms, languages and programs (operating
systems, programming languages, computer systems and applications).
Cybernetics has helped define a schematic scheme for a cybernetic system that applies to all
hardware and software components: INPUT  PROCESSING  OUTPUT. Time has shown that
this scheme of a cybernetic system shapes the structure and functioning of the most important
concepts in Informatics:
 Computer system (computer);
 Algorithm;
 Program;
 Information System (Problem Solving).
These aspects were not realized if calculability problems (calculus theory) and problems related to
the development of computer systems (cybernetic systems) of the electronic computer were not
elucidated [12].
In this context, the invention and construction of the modern / digital computer was possible
through the emergence of new sciences and new products:
 Computer Science and Cybernetics1;
 Languages and Algorithms;
 Input/Output Devices;
 Memory and storage environments.
In the field of Cybernetics, Romania is represented by the scientist Ştefan Odobleja (1902-1978) a military medical professional, being one of the precursors of the Generalized Theoretical
Cybernetics and Artificial Intelligence, the author of the 2 volume "Consonant Psychology"
published in Paris for the first time date in 1938 (volume I) and then in 1939 (volume II). The
paper has set out many of the major themes on cybernetics and thinking systems (introduced the
concept of feedback, with the meaning of reversible links or reverse links, provided the
telecommunication model, as well as the ideas on automation of thinking - which underlies
Artificial Intelligence). From this point of view, Stefan Odobleja was a real visionary for a new
thinking - algorithmic thinking, which led to the emergence of computers. An important role in the
two volumes is that, for the world premiere, the concepts of System and Model are introduced.
As a discipline, Cybernetics (the name comes from the Greek "cybernetos" meaning "stormy") was
established by Norbert Wiener, Warren McCulloch and Walter Pitts (“A Logical Calculus of the Ideas
Immanent in Nervous Activity”, 1943), Arturo Rosenblueth and others such as W. Ross Ashby (“Design
of Brain, 1952), mathematician Alan Turing and W. Gray Walter (one of the first to build autonomous
robots from animal behavior study).
1

The roots of the cybernetic theory: "Ştefan Odobleja (1902–1978) was a Romanian scientist, one of the
precursors of cybernetics. His major work, Psychologie consonantiste, first published in 1938 and 1939, in
Paris, established many of the major themes of cybernetics regarding cybernetics and thinking systems ten
years before the work of Norbert Wiener(1894-1964) was published, in 1948." [12]
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"Cybernetics is a homogenous and coherent scientific complex, a science resulting from the
blending of at least two sciences - psychology and technology; it is a general and integrative
science, a crossroads of sciences, involving both animal and car psychology. It is not just a
discipline, circumscribed in a narrow and strictly defined field, but a complex of disciplines born
of psychology and centered on it, branched out as branches of a tree in its stem. It is a stepwise
synthesis, a suite of multiple, often reciprocal, modeling; syntheses and modeling in which, as a
priority, and as a great importance, the modeling of psychology on the technique and then the
modeling of the technique on psychology. Cybernetics is an intellectual symphony, a symphony of
ideas and sciences." Stefan Odobleja, 1978 [5].
Cybernetics and Mathematics are the sciences that have provided the foundation for the
development of various theories for electronic computer building: Data Systems and Structures,
Electronic Circuits and Devices, Computational Algorithms and Programming Languages. In some
of these aspects, it took many years, even hundreds of years, for finalization and use. E.g.:

Algorithm concept - description of some computational processes to be executed by man or a
machine; Abu Abdullah Muhammad bin Musa al-Khwarizmi (ca. 780 - ca. 850) Baghdad
(now in Iraq) used for the first time precise and clear rules to describe computational
processes (fundamental arithmetic operations) in his work " The Compendious Book on
Calculation by Completion and Balancing "[9]. Later, this description appears under the
name of the "Euclid Elements" algorithm. Euclid's algorithm for calculating the largest
common divisor of two natural numbers is apparently the first known algorithm in
mathematics. Initially, the notion of algorithm was considered primary. In modern
mathematics the notion of algorithm has received several definitions (A. A. Markov's
normal algorithm, A. A. Leapunov's operational algorithm, Turing machine / stack
machine, recursive functions, POST systems). The first description of the mathematical
definition of the notion of algorithm was given by Russian mathematician A. A. Markov.
It has been demonstrated that from a mathematical point of view these definitions are
equivalent. At present, in the field of probabilities and statistics, so-called Markov
processes are known. In fact, today, the process concept is encountered very often under
different circumstances: in the representation and execution of algorithms, in the
operation of computer systems, in the execution of operating systems, in the execution of
programs, in the operation of computer networks, etc. [41].

The theory of mathematical logic - many decades, the theory of mathematical logic has
not found applicability. The foundations were made by G. Boole and A. De Morgan,
followed by Dedekind, B. Russell, L. Lowenhein, T. Skolem, K. Gödel, J. Łukasiewicz
in S. Kleene, etc., who created various research directions: crowd theory, model
theory, formal language theory, recursivity theory, prophecy logic, predicate logic,
demonstration theory (in particular first-order logic theory). The first system of
multiple-valued logic was introduced by J. Łukasiewicz in 1920. Independently, E.
Post introduced in 1921 a different multiple-valued logic. The first applications were
conducted by the Russian Victor Ivanovich Shestakov (1907 - 1987) and American
Claude Shannon (1916-2001) (IEEE Medal of Honor - 1966). Claude E. Shannon
introduced the use of Boolean algebra in the analysis and design of switching
circuits, 1937) and in Romania, Gr. C. Moisil founded the "Algebraic Theory of
Automated Mechanics" School (1959). At the instigation of Grigore C. Moisil, eng.
Leon Livovschi (1921-2012) uses for the first time Mathematical Logic (Boole
Algebras) for analysis and synthesis of discrete automata (automatic circuits with
contacts and relays) (1959) [36]. For the first time, the first order logic theory is used
to develop the logic programming language PROLOG ("Programmation et
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Logique"), the University of Marseilles (Colmerauer, the '70s), France. Thus, besides
procedural programming (imperative), a new type of programming emerged, namely
declarative programming (logic programming), based on the Horn clauses describing
facts and rules in expressing a problem, all of which constitute a knowledge base in
the universe of the problem. The solutions to a problem are obtained by querying this
knowledge base based on a logical reasoning implemented by searching for solutions
using the Backtracking method (SLD resolution, Selective Linear Defined
Resolution, Robert Kowalski, 1970). The compiler was written in FORTRAN code,
and the representation of the terms Prolog is made by defining functions (predicates)
and list structures, these being syntactically represented by a functional or semantic
form through a tree form [13, 37].
Historically, Informatics / Computer Science preceded the emergence of an electronic / digital
computer. Before 1920, the term "computer" referred to a person making calculations (the official
person). Among the first researchers to substantiate and use theories that have influenced the name
of Computer Science were mathematicians:
 the German David Hilbert (1862-1943) (mathematician with major contributions in the
axiomatization of geometry, in the fundamentals of functional analysis, in numerical
theory, as well as in mathematical logic and demonstration theory, opened the path of
formalism in mathematics and computer science),
 the American Emil Leon Post (1897-1954) (mathematician and logician with major
contributions to mathematical logic and computational theory, independent of A. Turing
in 1936 he developed a mathematical model for calculating functions equivalent to the
Turing machine)
 the American Alonzo Church (1903-1995) (mathematician and logician with major
contributions to mathematical logic and theoretical background),
 the Austrian Kurt Gödel (1906-1978) (mathematician, logician and philosopher, friend
with Einstein, John von Neumann and Morgenstern) researcher in calculus theory,
 the British Alan Turing (1912-1954) (mathematician, logician, cryptanalyst, and
theoretical computer scientist) who studied with Alonzo Church holding his doctorate at
Princeton in 1938.
In 1936, Turing2 [30] (founder of Artificial Intelligence and Turing test author), who had
announced that he wanted to "build a brain / machine that thinks," published an article describing
the "Universal Turing Machine". Thus, Turing is the first person to provide data / information to a
"computing machine" to enable him to perform multiple tasks at the same time, as computers
perform in our time. Turing reformulated Kurt Gödel's results of 1931 on the limits of
demonstrability and computability, replacing the universal formal language based on Gödel's
arithmetic with what is today called the Turing machine, a simple formal device. Turing has
demonstrated that such a machine would be able to solve any mathematical problem that can be
represented in the form of an algorithm, although no real Turing machine could have real
applications, being much slower than achievable alternatives. "A. M. Turing (1912-1954)
introduced a new model for calculus, replacing Gödel's arithmetic numerical language with what
are today called Turing machines. It has been shown that the stop problem for Turing machines is
undecidable: there is no algorithm (general) which, for a program P and for input X as data,
2

Turing, A.M. (1936). „On Computable Numbers, with an Application to the Entscheidungsproblem”. Proceedings
of the London Mathematical Society. 2 42: 230–65. 1937. Turing, A.M. (1937). „On Computable Numbers, with an
Application to the Entscheidungsproblem: A correction”. Proceedings of the London Mathematical Society.
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determines whether the P program with the X data ends, after a finite number of steps, tells us if
the Turing machine will stop (1936). "D. Vaida, [31].
Also in 1936, A. Church showed that there is no computable function to decide for two
expressions from the introduced λ-calculus3, (recursive functions can be represented by λcalculus, Lambda-calculus) if these expressions are equivalent, or not. A. Church introduced the
following sentence that bears its name: "The class of computable intuitive functions is equal to the
class of recursive functions." The problem of decidability is related to the 10th problem of D.
Hilbert, which required an algorithm to decide if an Diofantic equation has a solution, the
coefficients and solutions being integers. Subsequently, in 1970, Y. Matiiasevici showed that the
answer was negative [26].
In Romania, the scientists were connected to global research on calculability theories, through the
participation of some in doctoral studies in France, Germany and Italy, and then by the work of
those who retired in the country and continued their research in the direction doctoral studies. E.g.:
 Acad. Tiberiu Popoviciu, Ph.D. in Paris (coordinator Professor Paul Montel), who
contributed to Numerical Analysis and Approximation Theory, and to the construction of
electronic computers in Cluj-Napoca (MARICA-1959, DACIC-1-1963, today Computer
Institute of the Romanian Academy is named “Tiberiu Popoviciu")
 Professor Gabriel Sudan, with his doctorate in Germany (coordinator Professor David
Hilbert), with remarkable contributions to the theory of recurrent functions, as well as to
the theory of transfinite ordinal numbers. Gabriel Sudan is the author of the first recursive
function, nowadays called Sudan function (1927), which is not primitively recursive, in
parallel with W. Ackermann's (1928) and Ph.D. professor David Hilbert [1, 10].
All these studies and research, on the aspects of calculus and appearance of the fundamentals made
by the Turing machine, and on the other hand, on the construction of the first electronic
computers, made possible the emergence of the specialization "Informatics" in the universities of
Romania in 1971 [37].
Thus, courses and seminars for the field of informatics took place. We will give as an example a
"Theory of Algorithms Theory. Recursive Functions and Turing Machines", by Prof. Constantin C.
Popovici, from the Faculty of Mathematics, University of Bucharest, printed in 1976 [24]. From
the preface we find that this course contains the lessons for students of the 4th year, the
Informatics section, from the academic year 1974/1975, a compulsory course, becoming an
optional course, in the academic year 1975/1976. This course also includes the "Recursive
Functions and Turing Machine" lessons cycle, held in the winter of 1969, for V-year students, the
"Computing Machines" section [24].

3

Introduced in the 1930s by Alonzo Church as a way to formalize the concept of efficient computability. λ-calcul is
a universal language in the sense that any computable function can be expressed and evaluated using this formalism
and is thus equivalent to Turing machines. This λ-calculation method emphasizes the use of transformation rules
and does not depend on the current machine. It is a more software-related approach than hardware [26]
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Fig. 2. Pages 282-283 from textbook of C. Popovici [24]

The author also states that during 1972-1974, he has coordinated the
scientific seminar "Recursive Functions and Turing Machines" for
PhD students at the Institute of Mathematics (fig. 2).
The contents include the following chapters: 1. (Algorithm, Calculable
Function, Primary Recurrence, Substitution); 2. (Elements of
Mathematical Logic); 3. (Recursive primitive functions); 4. (Recursive
primitive enumerations of Ns and N∞); 5. (Numerical recursive
predicates); 6. (Partially recursive functions); 7. (General recursive
functions and general predicates); 8. (Universal Function); 9. (Turing
Machine) [24].
3 The first examples of a recursive function which is not primitive recursive: W. Ackermann
and G. Sudan
"Computers are incredibly fast, precise and unintelligible." Human beings are incredibly slow,
inaccurate and intelligent. "Together, their power goes beyond any imaginable limit." Albert Einstein
"Mathematics is both abstract and concrete, revealing much of the mental experiment, working with
unobserved abstractions and objects, and the current scientific progress depended on the ability to
operate precisely with abstractions and force of reasoning; let us think of today's nanometrics
technologies, whose management requires a new type of heuristics not studied." O. Stanasila,
Metabolism of Mathematics and Computer Science, Curtea de Arges, no. 8/2015, pp. 17-18

The German Wilhelm Ackermann and the Romanian Gabriel Sudan supported their doctoral theses
with Professor David Hilbert (Göttingen University), (the first on August 4, 1924, Thesis
“Begründung des "tertium non datur" mittels der Hilbertschen Theorie der Widerspruchsfreiheit,
and the second on 20 July 1925., Thesis “Über die geordneten Mengen”). In mathematics, at that
time, there were important researches on the computational theory of D. Hilbert and the
mathematicians Alonzo Church and Kurt Gödel [10].
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In 1928, Ackermann helped David Hilbert turn his 1917-22 lectures on introductory mathematical
logic into a text, Principles of Mathematical Logic (first ed., 1928). This text contained the first
exposition of the first-order logic, and posed the problem of its completeness and decidability
(Entscheidungsproblem). Ackermann went on to construct consistency proofs for set theory (1937),
full arithmetic (1940), type-free logic (1952), and a new axiomatization of set theory (1956).
In the late 1920s, the mathematicians Gabriel Sudan and Wilhelm Ackermann, students of David
Hilbert, were studying the foundations of computation. Both Sudan and Ackermann are credited
with discovering total computable functions (termed simply "recursive" in some references) that
are not primitive recursive. Sudan published the lesser-known Sudan function, then shortly
afterwards and independently, in 1928, Ackermann published his function φ. Ackermann's threeargument function, φ(m, n, p), is defined such that for p = 0, 1, 2, it reproduces the basic
operations of addition, multiplication, and exponentiation [1]:
φ(m, n, 0)= m+n,
φ(m, n, 1)=mn,
φ(m, n, 2)=mn,
and for p>2 it extends these basic operations in a way that can be compared to the hyperoperations
(Goodstein's notation or Knuth's up-arrow notation). In 1947 R. L. Goodstein introduced the
specific sequence of operations that are now called hyperoperations, for the extended operations
beyond exponentiation: a↑(n-2)b, for n>2. In mathematics, Knuth's up-arrow notation is a method
of notation for very large integers, introduced by Donald Knuth in 1976: a↑nb.
The emergence and construction of the modern computer would not have been possible without
research, studies and results from 1920-1940, when mathematicians around the world focused on
the Theory of Calculability, Theory of Algorithms and Theory of Formal Languages.
The Theory of computability and Algorithm theory were constructed simultaneously by the interdependence:
 A computable function is any mathematical function for which an algorithm can be
generated that generates the values of the function, having as input the values of the
function definition, and generating constructive values / objects; according to the
normality principle (A.A. Markov's normal algorithm), any algorithm can be expressed
with an algorithm from a class of mathematically defined algorithms;
 Independent of the notion of algorithm, a computable function is any mathematical
function for which a class of partial recursive functions can be constructed; recursive
functions were presented and studied mainly from a structural-constructivist perspective,
following the construction mode and their computational properties; a function is
primitive recursive if it can be obtained by a finite number of steps of applying direct
transformation operations, substitution / composing and primitive recursivity, starting
from the zero basic functions (constant function λx.0) and successor (successor function
λx.x + 1). Similarly, a function is partially recursive if, in addition to the above mentioned
operations, the minimizing operator is used in the construction process. The operations
used to construct a recursive function are in turn functions that accept as functions
parameters and calculate functions, being - as built functions - effectively calculable.
In 1928, Wilhelm Ackermann (fig. 3) observed that A(x,y,z), the z-fold iterated exponentiation of x
with y, is a recursive function that is not primitive recursive. A(x,y,z) was simplified to a function
of 2 variables by Rózsa Péter in 1935. Raphael M. Robinson simplified the initial condition in
1948. In 1948, Rózsa Péter and Raphael Robinson later developed a two-variable version of the
Ackermann function that became preferred by many authors [1, 22, 23, 25, 26].
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Fig. 3. From original paper authored by Wilhelm Ackermann, 1928 [1]

The Ackermann function A: N2  N:
n ≥ 0, A(0, n) = n+1
m ≥ 1, A(m, 0) = A(m−1,1)
m ≥ 1, n ≥ 1, A(m,n) = A(m−1, A(m,n−1))
n
0

A(0,n)
1

A(1,n)
2

A(2,n)
3

A(3,n)
5

1

2

3

5

13

2

3

4

7

29

3

4

5

9

61

4

5

6

11

125

5

6

7

13

253

6

7

8

15

509

7

8

9

17

1021

8

9

10

19

2045

9

10

11

21

4093

10

11

12

23

8189

11

12

13

25

16381

12

13

14

27

32765

13

14

15

29

65533

14

15

16

31

131069

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63

Table 1. The Ackermann function for n=1...30, m=0,1,2 and 3

262141
524285
1048573
2097149
4194301
8388605
16777213
33554429
67108861
134217725
268435453
536870909
1073741821
2147483645
4294967293
8589934589
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For m> 3 the values are very large and cannot be stored in the computer's memory.
For m = 4, only a few volumes can be calculated: A (4,0) = 13, A (4,1) = 65533, A(4,2)=2(A(3,2)-3)
−3=4294967293, but for A (4,3) the value is very high. Animated arithmetic, The Ackermann
function at address: http://www.gfredericks.com/sandb ox/arith/ackermann (table 1).
<html><head><body><SCRIPT
LANGUAGE=JavaScript>

<html> <head> <body><SCRIPT
LANGUAGE=JavaScript>

function achermann()

function sudan(){

{var m=3; var n=3;

var m=3;var n=3;

m=eval(prompt("A(m,n), input m : ",m))
n=eval(prompt("A(m,n), input n : ",n))
alert("A("+m+" , "+n+") = "+A(m,n))}

m=eval(prompt("S(m,n,k), input m : ",m))

function A(m,n)
{if (m!=0 && n!=0)
{return A(m-1,A(m,n-1))}
else{if (m==0) {return n+1}
if (n==0) {return A(m-1,1)
}}
}
// main program
alert("Achermann Function A(m,n)=?");
achermann();

n=eval(prompt("S("+m+",n,k), input n : ",n))
k=1;k=eval(prompt("S("+m+","+n+",k), input k :
",k))
alert("S("+m+","+n+","+k+") = "+S(m,n,k))}
function S(m,n,k){if (k!=0 && n!=0) {return
S(S(m,n-1,k), S(m,n-1,k) + n, k-1)} else{if (k==0)
{return m+n}if (n==0) {return m}}}

// main program
alert("Sudan Function S(m,n,k)=?”); sudan();
</SCRIPT></body></head></html>
Table 2. Programs in JavaScript for functions of Ackerman and Sudan

</SCRIPT></body></head></html>

The Sudan function A: N3  N:
S(m, n,0) = m+n
S(m, 0,k) = m
n ≥ 1, k≥ 1, S(m,n,k) = S(S(m,n-1,k), S(m,n-1,k)+n,k-1).
In the theory of computation, the Sudan function is an example of a function that is recursive, but
not primitive recursive. This is also true of the better-known Ackermann function. The Sudan
function was the first function having this property to be published (1927). [27,28,29]. For several
years, the scientific community did not know the merits of the Roman mathematician G. Sudan in
defining the first recursive function that is not primitively recursive. Sudan's contribution was
presented at a conference from the Faculty of Mathematics, University of Bucharest, by C. Calude,
S. Marcus and I. Tevy, "The first example of a recursive function which is not primitive recursive",
1979. The article was published in Historia Mathematica (fig. 4): “The first example of a recursive
function which is not primitive recursive is usually attributed to W. Ackermann. The authors of the
present paper show that such an example can also be found in a paper by G. Sudan, published
concomitantly with Ackermann's paper.” [7].
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Fig. 4. Page 382 from the paper [7]
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Fig. 5. Page 91-92 from the book authored by Roman Murawski, 1999 [18]

Conclusions
Year 1938: "Thanks to the psycho-physical reversibility, we can materialize the act of creation.
Undoubtedly, the inventive machine has not yet been created, but we can see its creation soon."
Stefan Odobleja, "Consonant Psychology", Paris [5].
Year 1973: “Informatics restores not only the union of pure and applied mathematics, of concrete
technique and abstract mathematics, but also the union of natural sciences with man and society.
It re-establishes abstract and formal concepts, and brings peace between art and science, not only
in the scientist’s spirit, where they always are at peace, but also in their philosophy.” Gr. C.
Moisil.
Year 1917: Molecular computer - "Define a molecular computer as one molecule which
transforms, by random chemical reactions mediated by a collection of enzymes, into a predictable
other molecule, such that the output molecule can be conceived as the result of a computation
encoded in the initial molecule." M. Buliga [6].
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