"It is obvious that von Neumann, by writing his report,

crystallized thinking in the field of computers as no other person

ever did. He was, among all members of the group at the Moore

School, the 'indispensable ' one." [3]

(Hermann H. GOLDSTINE: The computer from Pascal to

von Neumann.)

Dr. hc. Győző Kovács Budapest (Hungary)

WHO WAS JOHN VON NEUMANN?

The life of one of the greatest scientists of the 20th century and
his importance in the computer science.
John von Neumann, his original Hungarian name was Neumann Janos Lajos – his nick-name was Jancsi - born in Budapest on 28th December 1903, the world of the computer scientists and more less everybody, i.e. the computer users worldwide celebrate the 100th anniversary of his birth in 2003. 

My very unpleasant experience is, that a fairly big part of the 'computerized people' does not know anything about John von Neumann, his role in the development of the first computers, about the Neumann's concept, but everybody has to know: who was the "father of the computers", i.e. who was John von Neumann, the great scientist, who developed first time the really usable electronic computer.

 His childhood
The most important information about the young John von Neumann can be found in the memoirs of his brother Nicholas A. Von Neumann and in the very famous book of Hermann H. Goldstine [3]. 

John von Neumann was born in Budapest in the time of the Austrian-Hungarian Monarchy in a rich Jewish banker's family. [3]
"His father Max, a banker, was a partner in one of the city's important private banks and was able to provide well for his children both intellectually and financially." [3]
The family " ... consisted of father, mother (Margaret) John (b.1903), Michael (b.  1907) and  myself (Nicholas 1911). Notwithstanding the age differentials, the relationship between the brothers was close. Of course, we considered John “merely” as a brother. [12]
He had at a characteristic attitude of human warmth and friendliness, adapting to any situation, discussing any subject with interest; if it was his speciality, then reducing it to understandable levels for anyone, not necessarily with unlimited patience, but most certainly for 5 - 10 minutes in each case, and then quickly shifting to other subjects. Science subjects were also discussed in this manner, whether taken from high school studies or otherwise. If at first I did not understand all of it, I got an idea what it's all about, and when running into it later , it was already against some background an I was prepared for it." [12]

Margittai Neumann Miksa (Max), the father "... was ennobled in 1913 by the Emperor (right: the Hungarian King - GyK) with the Hungarian title 'of Margittai', which young Neumann later Germanized to 'von'" [2]

The years of the secondary school were very important in the life of John. "We all attended the Lutheran Grammar School, a prominent high school of eight years, of the highest reputation. All religions were admitted, also tuition fees were graduated according to the distance from reformation: Lutheran, other Protestants, Catholic, Jewish. The atmosphere was characterized by mutual tolerance." [12]

John von Neumann presented his talent on mathematics very early. "Von Neumann, who was known to almost everyone as Johnny - and to some as Jancsi - was so impressive in school that one of his teachers, László Rátz persuaded his father to have him tutored privately in addition to his regular schooling. Before he was 18 he published a paper with his tutor, M. Fekete, a well-known Hungarian mathematician." [3] 

Nicholas A. Von Neumann writes about their school-mates: "The famous students: Eugene Wigner (one class above John). Antal Dorati, the famous conductor in Michael's class..." [3]

The young scientist

He has got his graduation in 1921 in Budapest. "In 1921 he enrolled in the University of Budapest, but he spent the years 1921-23 in Berlin, where he came under the influence of Fritz Haber." [3] The wish of his father was that he obtains a diploma of engineering. 
"From Berlin he went to the Swiss Federal Institute of Technology in Zurich, where he had contacts both with Hermann Weyl, a superb mathematician (...) and with George Polya, one of the greatest teachers of mathematics." [2] Meanwhile, in 1923, he went to Göttingen, where a wonderful group of scientists was working together, David Hilbert was the leading mathematician but a lot of physicists were also in Göttingen in this time, as e.g. Paul Dirac, Werner Heisenberg, Pascal Jordan, Robert Oppenheimer, Wolfgang Pauli, Eugen Wigner and others. 

Coming back to Zurich  "He obtained a degree  in  chemical engineering at the Federal Institute in 1925; and the next year, on 12 March 1926 - at the age of twenty-two - he received his doctorate summa cum laude in  mathematics  with  minors  in experimental physics and chemistry  from  the  University  in Budapest." [3] 

The most important stations of his career very shortly:
   - 1927 Assistant professor in mathematics at the University of Berlin

   - 1929 Hamburg

   - 1930 Invited professor of mathematics in Princeton (USA)

   - 1933 Professor of mathematics in the Institute of Advanced Studies, Princeton

John von Neumann married Marietta Kövesi in 1930, their daughter, Marina born in 1935, she is now the Professor of Business Administration and Public Policy at the University of Michigan and the Vice-president 

of the General Motors. She is now a professor emeritus. 

His first marriage ended in 1937 and he married again, his second wife was Klara Dan. "She later became a programmer for the Los Alamos Scientific Laboratory and helped to program and code some of the largest problems done in the 1950's" [3] 

Around war-time

John von Neumann published a lot of papers, e.g. in 1927 his famous paper on the problem of the freedom of mathematics from contradiction, in 1927-28 several papers on mathematical foundations of quantum theory and probability in statistical quantum theory, in 1928 a paper on game-theory, in the mid-1930s on the problems of supersonic and turbulent flows and fluids. Goldstine wrote in his book:

"Thus by the beginning of World War II, von Neumann was one of the leading experts of shock and detonation waves and inevitably became involved in the Ballistic Research Laboratory with the OSRD, with the Bureau of Ordnance and with the Manhattan Project." [3]
Von Neumann spoke about his activity in the war-time before the Special Senate Committee on Atomic Energy:

"I assume that you wish to know my qualifications. I am a mathematician and a mathematical physicist. I am a member of the Institute of Advanced Study in Princeton, New Jersey. I have been connected with Government work on military matters for nearly ten years: as a consultant of Ballistic Research Laboratory of the Army Ordnance Department since 1937; as a member of its scientific advisory committee since 1940; I have been a member of various Divisions of the National Defence Research Committee since 1941; I have been a consultant of the Navy Bureau of Ordnance since 1942. I have been connected with the Manhattan District since 1943 as a consultant of the Los Alamos Laboratory, and I spent a considerable part of 1943-45 there." [3]

John von Neumann and the computer

The task of von Neumann was the solution of some mathematical problems in connection of the fluid hydrodynamics in Los Alamos, which cannot be handled on an analytical way, it was necessary to count very complicate differential functions numerically, too. 

"In any case, von Neumann had a profound interest and capability in numerical calculations but his work in hydrodynamics would have been impossible without computers and computing. It is of course, fortuitous that he linked Aberdeen and Los Alamos. It is precisely to this fortuity that we all owe so much."[3]

Dr. Hermann H. Goldstine, a first lieutenant in the United States Army stationed at the Ballistic Research Laboratory, Aberdeen, was placed in charge of the laboratory's computing activity at the Moore School. Von Neumann and Goldstine met occasionally on the railway station of Aberdeen, where - walking together and waiting the train - Goldstine informed von Neumann about a new high performance and programmed computer, the ENIAC. It was the high speed computer, which was looking for by von Neumann to his enormous number of calculations. The ENIAC was a 'miracle machine' for von Neumann, because this computer could calculate 333 operations/second as compared to the number of calculations with his electromechanical calculators, in which the length of a multiplication was about 15-20 seconds!

Von Neumann together with Goldstine visited the ENIAC in Philadelphia very soon and he never left the computers after this visit. Goldstine told about this occasion: "This point in time formed the beginning of a long and very fruitful friendship and working relationship between ourselves and the von Neumann that was to terminate only upon his untimely death." [3]
Starting in Aug 1944 von Neumann visited the Moore School regularly for meetings with the hardware and software developers of the ENIAC: Burks, Eckert, Adele Goldstine, Mauchly and naturally Goldstine. 

The ENIAC was the first really working electronic calculator (and not a computer!) of the world, therefore it had a lot of problems, e.g. the span of life of the vacuum tubes was relatively short, the time of the programming (on the original way, with wires) was too long some thousands times longer than the time of the calculation, the capacity of the memory of the data was too small, etc. The developers of the ENIAC decided the further developing of the original computer and simultaneously the preparation of a new computer, the EDVAC (Electronic Discrete Variable Computer). 

Von Neuman, as an ordinary participant of the meetings on the development of the EDVAC, prepared a 101 pages paper, the 'First Draft of a Report on the EDVAC by John von Neumann', in which he described the main characteristics and the logical structure of the computers. The 'First draft...' contained two very important resources of the computers: first of all "it must have a main memory of very large capacity in which instructions and data can be held. (...) Secondly, there must be a true control unit able to organize all the transfers between the different registers. (...) 

All the computers designed since the publication of the 'First Draft...' have got these two resources and thus have often been called 'von Neumann machines', even if they have not had all the other features recommended by von Neumann (1945) and Goldstine (Burks, Goldstine, and von Neumann, 1947) as it was written in the book of R. Moreau. [6]
"Tension was already high at the Moore School. Eckert and Mauchly (the two inventors of the ENIAC - GyK) had won their fight over the ENIAC patent. They understood, that the work they were doing on EDVAC should also be patentable. They were technologist and had a clear understanding of the commercial possibilities of their machines. Many persons at the Moore School did not think any one else could benefit from them. Von Neumann was on the side of the latter, believing that the work was for the war but also for pure science. He represented to an extent, the academician who opposed the technologist." [9]

Goldstine wrote the following about this situation:

"Von Neumann’s keen participation and leadership of the logical design work on the EDVAC became a source of substantial conflict between him and me on one side and Eckert and Mauchly on the other. (...) Finally, after considerable acrimony, a meeting was held on 8 April 1947 to try to resolve the problem relating to the EDVAC. (...) The upshot of the meeting was that von Neumann's 'First Draft...' was treated by the Ordnance lawyers as a publication in the strict legal sense. This meant that the distribution given to that report had placed its content in the public domain, and hence anything disclosed therein became unpatentable. The Ordnance lawyers thereupon withdrew from the task preparing patents of the EDVAC work on behalf of Eckert and Mauchly." [3]

The end of the story above, that the Honeywell started a legal procedure opposite of the patent rights of Eckert and Mauchly on behalf of John Vincent Atanasov in 1974. "John Vincent Atanasov was the inventor of the first electronic computer. It was an automatic digital machine and the special-purpose in it was that it solved only linear algebraic equations." [8] He developed the ABC 1 (Atanasoff Berry Computer) together with Clifford Berry, but he never patented it. Atanasoff met Mauchly in Dec 1940 then Mauchly visited Atanasoff in June 1941, Mauchly adapted Atanasoff's ideas in the development of the ENIAC. "The judgment destroyed the ENIAC patent for several reasons, one of which was that some claims were derived from Atanasoff. As is noted in the current paper the judge said, 'The subject matter of one or more claims of the ENIAC was derived from Atanasoff, and the invention claimed in the ENIAC was derived from Atanasoff'." [8] Von Neumann and Goldsine did not patent ever the licence of the stored program computer, i.e. the Neumann machine, but everybody knows or has to know, that they were the inventors of the real stored program computers. 

Von Neumann and Goldstine parted with the group of the ENIAC-EDVAC and they started the development of a new computer in the Institute of the Advanced Study. Their collaborators were Julian Bigelow, Arthur Burks, James H. Pomerane, Adele Goldstine, and others. The aim of this development work was the construction of the IAS machine, which was the first real 'von Neumann machine'. 
Goldstine wrote in his book: "It was a very early contemplated that the project would be a multi-faceted one embracing engineering, formal logics, logical design, programming,  mathematics  and  some significant revolutionary application. This latter evolved in 1948 as numerical meteorology. All this was carried out with signal success and was the reason that the Institute project assumed the fundamental role it did. It truly embraced all aspects of the field as then understood. Indeed, it dimensioned the field." [3]

Von Neumann prepared one paper (Preliminary Discussion of the Logical Design of an Electronic Computing Instrument - 1946) then von Neumann and Goldstine prepared another three volume report 

(Planning and Coding of Problems for an Electronic Computing Instrument - 1947 & 1948) [3] [6] [7] [16] about the new computer. 
"These four papers became the theoretical basis for modern electronic digital computers." [7] Paul Armer, a leading computer scientist writes about these books:  "Who invented stored programming? Perhaps it does not matter much to anyone else than the those who are involved: just who gets the credit - we have the concept and it will surely stand as one of the great milestones in man's progress ...The leading contenders are the authors of the paper reprinted here (von Neumann and Goldstine - GyK) and the group at the University of Pennsylvania led by J.Presper Eckert and John Mauchly. Others undoubtedly contributed, among them was Babbage....Nevertheless the paper reprinted here is the definitive paper in the computer field. Not only does it specify the design of a stored program computer but it anticipates many knotty problems and suggests ingenious solutions. The machine described in the paper (variously known as the IAS, or Princeton, or von Neumann machine) was constructed and copied (never exactly) and the copies copied... At the time the paper was written, the principle of automatic calculation was well established (with Harvard's MARK I) as was the great advance gained by electronics (with ENIAC). The jump from that state-of-art to the detail of their paper is difficult to measure objectively today..." [3]

The inventors introduced a lot of new solutions in the IAS machine; its logical structure differed from the EDVAC. The IAS machine had a joint memory for the instructions and the data. It was a parallel, word organized computer, the length of the word was 39 bits + a sign, i.e. 40 bits, and therefore the IAS machine was faster than the EDVAC. The length of a multiplication took 600 microsec in the IAS machine and 3 millisec in the EDVAC. Each instruction contained an operation-code, it was 10 bits and an address, which also was 10 bits. The IAS machine worked with about 2000 vacuum tubes, the EDVAC about 3000 vacuum tubes and 8000 crystal diodes. The joint memory gave a possibility for self-modifying the programs. "They showed, that 'self modifying programs are more powerful (can compute more sequential functions), than non-self-modifying ones...'" [3]

Von Neumann and the other members of the developers of the IAS machine realized a lot of new methods, which made easier the application of the computers, e.g. they elaborated the flow-chart system, they published the first description about programming, the 'routines, and 'subroutines' (Planning and Coding...) etc. 
They followed the development of the hardware, too, they developed and implemented a drum-memory to the computer. The original memory of the computer was a storage tube of F.C.Williams with 1024x2 bits capacity that was too small to the tasks of programming in the Institute. 
They developed and implemented a magnetic drum memory with 2048 words capacity together with the Office of Naval Research in May 1953. 

The first input/output device of the IAS computer was a teletype, which was working very slowly, too, therefore they implemented an IBM 514 reproducing punchy equipment to the computer on 10th Jun 1952, when the computer was introduced to the public. Finally, they realized a very early version of a "programmed graphical display on the face of an oscilloscope and was tied to the magnetic drum. This was very useful then just as its modern counterparts today" [3]

The successful scientist

The life of John von Neumann was very short but he was a very successful scientist and he reached a very high position in public life and politics, too (Annex No 1.). He received the two highest awards from the President of the United States, the Medal for Merit and the Medal of Freedom. 

He received the D.Sc.  (hon.)  acknowledgement  from  several universities. Seven Academies elected him as their member, he was one of the most accepted and honoured mathematicians in his time. He was a very frequently invited speaker at various conferences and scientific meetings. He published a lot of books and papers with many different subjects, the majority of his publications are in the volumes of J v. Neumann: Collected Works. 

Hungary, his native land did not want to know about John von Neumann for a long time, because he expressed several time, that he cannot accept the communist system. The official atmosphere was not very 

happy when the Hungarian Computer scientists established the Computer Society and we named it about John von Neumann. The present name of our Society is: “Neumann János Számitógéptudományi Társaság. ( John von Neumann Society for Computing Sciences.)  

The highest award of the Computer Society is the Neumann Medal. Two secondary schools bear the name of John von Neumann in Hungary. The Computer Society declared the year 2003 to the "Neumann Centenary Year" celebrating the 100th anniversary of the birth of John von Neumann. 

The death of John von Neumann

I met H.H. Goldstine first in the mid 70ies in Budapest when he was invited by the John von Neumann Society for Computing Sciences. 
I had some opportunity to talk with him about von Neumann and naturally about his sickness and his death, too. He told me, that von Neumann felt his health problems first in the time when he delivered the Vanuxem lectures (Machines and Organisms) in March 1953, at the Princeton University. Goldstine describes this serious time in his book, too. 

"Early in 1955 he was invited to deliver the Silliman lectures at Yale University during te spring of 1956. However, on 15 March 1955 von Neumann was sworn in as one of the Atomic Energy Commissioners, 

and he and his wife moved to Georgetown in May. Then three month later - in August - catastrophe stuck: 'Johnny felt severe pains in his left shoulder and after surgery, bone cancer was diagnosed'. (It was written by Klara von Neumann in the Preface of the book: The Computer and the Brain.) He was unable to finish his manuscript. He had however asked Herbert S. Bailey, Jr., Director of Princeton University Press, to release him from his tentative obligation to write his Vanuxem Lectures. Of course, this permission was granted to him and the resulting unfinished manuscript represented what he wrote 'in those days of uncertainty and waiting'". [3]

Klara von Neumann described [1] that the disease became more and more serious, but John von Neumann worked continuously. The next serious hit came in November, his backbone got ill and everybody knew, that his situation is hopeless. It was thought the doctors could delay the process but everything was in vain. Von Neumann had to use a wheel-chair from January 1956 but he was still working and going to his office, too. He cancelled his other lectures and was working only the on the Silliman Lectures. The family saw in March, that von Neumann will not be capable to deliver the Silliman Lectures, either. The Yale University offered, that somebody will read the manuscript out but John von Neumann could not finish it. 

He went to the Walter Reed Hospital at the beginning of April, where he received the Presidential apartment. He was visited by the President of the United State, Dwight D. Eisenhower when he gave him the Presidential Award, the Medal of Freedom. He received it sitting in the wheel-chair. 

John von Neumann, the Hungarian born scientist, the  famous matematician, the inventor of the modern computers died on 8th February 1957 in Washington. 
Annex No.1.

The public activity of John von Neumann after the World War II. [1]

1945-57

Director of Electronic Computer Project, Institute of Advanced Study, Princeton, NJ

1947

D.Sc. (hon.) Princeton University Medal for Merit (Presidential Award) Distinguished Civilian Service Award, U.S.Navy

1947-55

Naval Ordnance Laboratory, Silver Sprig, Maryland

1949-53

Research and Development Board, Washington D.C.

1949-54

Oak Ridge National Laboratory, Oak Ridge, Tennessee

1950      
D.Sc. (hon.) University of Pennsylvania and Harvard University

1950-55

Armed Forces Special Weapon Project, Washington DC, Weapons System Evaluation Group, Washington D.C.

1950-57

Member Board of Advisors, Universidad de Los Andes, Colombia, South America

1951-53

President, American Mathematical Society

1951-57

Scientific Advisory Board, U.S.  Air Force, Washington D.C.

1952

D.Sc. (hon.) University of Istanbul, Case Institute of Technology, and University of Maryland

1952-54 
Member, General Advisory Committee, US Atomic Energy Commission, Washington D.C. (Presidential appointment)

1953

D.Sc. (hon.) Institute of Polytechnics, Munich Vanuxem Lecturer, Princeton University

1953-57

Technical Advisory Panel on Atomic Energy, Washington D.C.

1955-57

U.S.  Atomic Energy Comissioner (Presidential appointment)

1956      
Medal of Freedom (Presidential Award) Albert Einstein Commemorative Award Enrico Fermi Award                         
Annex No. 2.

 Some Samples from the Scientific Activity of John von Neumann [1] 

1944
Oskar Morgenstern - John von Neumann: Theory of Games and Economic Behavior 

1944      Aiken, Wienwer and Neumann established a small group, they called the Teleological Society

1946
Lectures and a paper: The Principles of Large-Scale Computing Machines [7] [16]

1946
V. Bargmann - D. Montgomery - J v. Neumann: Solution of Linear Systems of High Order

1947
J v. Neumann - H.H. Goldstine: Numerical Inverting of Matrices of High Order.

1947
J v Neumann formulated what he liked to call the Courrant 'criterium' in a new way that was highly useful  for practical calculation.

1947
Research in the Automata Theory

1948
A paper: The General and Logical Theory of Automata

1948
Lectures and a paper: Theory of Self-Reproducing Automata

1948 September   Hixon Symposium, von Neumann presented a kinematical model [3]

1950
J v. Neumann - R.D. Richtmyer: A Method for the Numerical Calculation of Hydrodynamic Shocks

1950
J.G. Charney - R. Fjortoft - von Neumann: Numerical Integration of the Barotropic Vorticity Equation

1951
Lectures at the University of Illinois. A collected paper: Probabilistic Logics and the Synthesis of 

Reliable Organisms from Unreliable Components

1951
J v. Neumann: Various Techniques Used in Connection with Random Digits

1953 March 2-5 J v. Neumann: Machines and Organisms Vanuxem Lectures, Princeton University 

1955
H.H. Goldstine - John  von Neumann: Blast Wave Calculation
1958      J v. Neumann: The Computer and the Brain Silliman Lectures, Yale University

Academy memberships

   Academia National de Cientas Exactas, Lima, Peru

   Academia Nazionale dei Lincei, Rome, Italy

   American Academy of Arts and Sciences

   American Philosophical Society

   Instituto Lombardo di Science e Lettere, Milan, Italy

   National Academy of Sciences

   Royal Netherlands Academy of Sciences and Letters, Amsterdam
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