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This paper examines the development of computing outside the United States, from the period of the 1950s to the 1980s.  While the course material has largely focused on the history of computing in the United States, this paper seeks to examine how computing developed in other parts of the world, and examine the factors that led to development unfolding how it did.  

The five regions or countries of the world that we are examining are Western Europe, Eastern Europe, Russia and the former USSR, China, and Mexico and Central and South America.  For each are, we have developed a timeline of significant computing events in the region, and if relevant, presented this against a backdrop of political and social events in that country.  The five questions that we strive to answer for each area are the following:
1. What factors contributed to the region's ability or desire (or lack thereof) to develop 
computing technology? 

2. Did the fact that higher level programming languages were English-based impede their adoption in non-English speaking societies?

3. What was the patent law in the region like, and what issues arose as a result of the prevailing laws?

4. What was the general political attitude towards sharing technology with other countries?

5. How did the Cold War affect developments in the region? 

Computing in Western Europe 

Beginnings: 1940-1950

Early computing in Western Europe was driven by three primary influences: defense, engineering/science, and business. 

Defense
As digital electronic computing was coming of age in the midst of World War II, it was inevitable that military applications would be a key driver of its development. In the United Kingdom, the strategic war importance of computing was keenly understood. In February, 1944 the first totally electronic computing device, the Colossus Mark I, became operational at Bletchley Park. The Colossus was designed to assist in the cryptanalysis of high-level German communications. Ten Colossus machines would be constructed and put to use before the War’s end in 1949.

Other fields of defense activity involving digital techniques were the tracking and telemetry problems associated with guided weapons. The principal stored-program computer development here was the British MOSAIC (Ministry of Supply Automatic Integrator and Computer) project, which was implemented between 1947 and 1954. Parts of the MOSAIC project are still secret, but it was known to have been used for processing radar tracking data in experiments on aircraft. Also produced during this time period for similar purposes was the British Telecommunications Research Establishment TREAC system, one of the first parallel computers ever built.

Further research in the areas of digital cryptanalysis and radar telemetry certainly continued after this time, though details are scarce. The mere existence of the Colossus was kept classified until 1976. Due to this relative secrecy, defense-related developments in computing were unable to significantly impact the design of general-purpose stored-program computers in the coming years. One notable counter-example to this came from the first British company to become seriously involved with digital computer technology: Elliot Brothers. 

During the War, Elliot Brothers had been supplying a great deal of electro-mechanical gunnery control equipment for the Navy. Beginning in 1947, Elliot undertook work on a number of naval contracts, including machines to provide digital real-time control for their firing equipment. In the end, the contract was terminated by the Navy in favor of more established analog systems, however the digital computing research that was performed eventual found its way into Elliot’s first general purpose stored-program computer, NICHOLAS, which ran its first program in December, 1952. NICHOLAS was used successfully for a number of years to carry out ballistics trajectory calculations.

Engineering/Science
Contrary to the early developments in the UK, it was civil engineering, not defense, which provided the driving factor to produce even earlier examples of computing in Western Europe. In May of 1941, German Konrad Zuse completed work on his Z3 program-controlled computer.  Zuse was a civil engineer, and his desire was to use machines to perform the repetitive calculations that were routine to his profession. Surprisingly, the German government did not foresee a practical military application for his invention. In response to a request for funding of an electronic successor to the Z3, it deemed his work to be “strategically unimportant”.

The UK was not far behind with its own scientifically inspired offerings. Three UK institutions in particular emerged as computing powerhouses:  Manchester University, the National Physical Laboratory (NPL), and Cambridge University.

Some of Manchester’s first computer research was performed by Professor Max Newman, a former Colossus team member. At Manchester he established a group to work on the construction of a stored-program computer similar to the EDVAC design proposed in the United States by John von Neumann. The proposal was based around a specialized device call the Selectron tube, under development by the Radio Corporation of America, which at the time was one of the most promising digital storage devices. However, in the end his plans did not materialize: the Selectron tube ran into technical difficulties.

Meanwhile a completely independent computer had been built by the Electrical Engineering Department at Manchester. Designed by Freddie Williams and Tom Kilburn, this computer, the Manchester Mark I, was built on an entirely different form of storage based around conventional CRT’s, today referred to as Williams-Kilburn tubes. On June 21, 1948, an early experimental version of the machine, dubbed the Manchester “Baby”, became the first stored-program computer to run a program. The Mark 1 was used for a variety of purposes within the University in 1949 and 1950, including investigation of the Riemann hypothesis and calculations in optics.   

At NPL another former Colossus team member, Dr. Alan Turing, joined the newly formed Mathematics Division where he set about designing his own universal computer. While Turing was also familiar with the von Neumann proposal, he was not inclined to copy the design. In February of 1946 he presented to the Executive Committee of NPL what is generally considered to be the first complete specification for an electronic stored-program digital computer, which he called the Automatic Calculation Engine (ACE). However the NPL was not equipped with the resources to construct his machine. Despite interest from other research laboratories, personnel with the capabilities to build Turing’s machine were scarce and most were already enlisted in other work, such as rebuilding the nation’s war-torn telephone system, or constructing machines for the nascent Department of Atomic Energy. Disappointed with the time it was taking to make progress, Turing left NPL before construction ever began. A scaled-down version dubbed the Pilot ACE was eventually completed in his absence, however, and ran its first program on May 10, 1950. It was put into useful service by the Mathematics Division, where it performed flutter calculations for the Canberra aircraft, calculations arising from the Comet disasters, the first simulation of road traffic control, and verification of Bullard's theory of geomagnetism. 

Cambridge University Mathematical Laboratory was the third mainstay of early digital computing in Western Europe. Its Electronic Delay Storage Automatic Calculator (EDSAC) project, headed up by Maurice V. Wilkes, was conceived with the goal of producing a useable and reliable computing service to serve the University’s research needs. To this end, it was designed to be practical, and was based on tried and true technologies. As its name implies, the EDSAC design was influenced by the von Neumann EDVAC proposal. However in place of the unproven Selectron storage units proposed for use in the EDVAC, Wilkes opted for mercury delay lines, a technology that had already been put to use in radar systems. Derated vacuum tubes formed the core of its logic system, input was via 5-hole punched tape, and output was via a teleprinter. EDSAC ran its first programs on May 6, 1949, calculating a table of squares and a list of prime numbers. Its service to the University would continue into the 1960’s.

Business

While early digital computers were regarded primarily as devices for scientific and military problems, there was at least one company in London that foresaw their practical application to the business world. The board of J. Lyons and Co., one of the UK's leading catering and food manufacturing companies in the first half of the 20th century, in 1947 made the decision to financially support development of the Cambridge EDSAC project. In exchange, Cambridge would assist in the transfer of the technology and training required for Lyons to construct their own machine. The pioneering courage of this decision was remarkable. Although obviously inspired by the promise of the research at Cambridge and elsewhere, this essentially non-technical catering company took the first formal steps to build its own computer before the EDSAC had even been shown to work. With assistance from Wilke’s staff, by 1949 they had the basics of a computer specifically designed for business data processing running and on November 17, 1951 rolled out the first commercial business application. The computer was called the Lyons Electronic Office or LEO. Lyons used LEO initially for valuation jobs, but its role was extended to include additional functions such as payroll and inventory. 

Commercialization: 1950-1960


As more successes were achieved in computing research and proof of value to both the government and business began to show, a number of companies emerged to manufacture and distribute electronic computers commercially.

In Germany, Zuse’s inability to secure funding in Berlin had taken him abroad to a willing benefactor: ETH Zürich, the Swiss Federal Institute of Technology. The Swiss interest in computing was largely the same as Zuse’s – engineering calculations, in this case for proposed work on the Grande Dixence Dam. With the capital from the Swedes, Zuse KG was founded in 1949, and in September of 1950, they delivered the first product of their efforts to ETH: the Z4. With this transaction, the Z4 became the world’s first digital computer to be sold commercially.

The UK firms were not far behind in this commercial push. At Elliot Brothers, the technology developed for NICHOLAS, including early printed circuits and high-level programming languages, found its way into the commercial market as the Elliot 400 series. J. Lyons & Co, encouraged by their success with the LEO, created LEO Computers Ltd in 1954. Both Elliot and LEO produced a number of commercially successful systems throughout the late 1950’s.

The research behind the NPL ACE and Manchester Mark I projects also found their way into the commercial market. The English Electric Company, a well-established British manufacturer of electrical machinery and electronic equipment, first became interested in digital computers through contact with the Pilot ACE group. After assisting in the production of that system, they went on to produce a commercial version, the Digital Electronic Universal Computing Engine (DEUCE) which sold from 1955-1964. The NPL in the meantime finally completed a full version of Turing’s ACE by 1957, nearly ten years after it had first been proposed. While the system was put to good use by NPL, by this time the design was largely obsolete. The NPL opted to not pursue future research into computer systems.

The Mark I lineage had a more lasting impact in the market. Construction of the original Mark I had been outsourced via a government funded contract to Ferranti Ltd, an early British pioneer in electrical equipment. Government funding of the Mark I combined with the access to University research provided the impetus for Ferranti to pursue the commercial manufacture of a line of computers based on the Mark I. When they started selling these systems in 1951 there was as yet no real competition, and Ferranti Ltd quickly became the largest British stored-program computer manufacturer.

The team at Manchester continued to provide valuable advancements through their research. Two parallel projects to augment the Mark I design resulted in commercializable outcomes. The first was a system picked up by Metropolitain-Vickers and marketed as the MV950. It was first and last computer that Metropolitain-Vickers would produce, but notable for being the first commercial computer system built using transistors. The second project was a version of the Mark I that included a separate floating-point unit. This system, the Mark II or MEG, was picked up by Ferranti and resold commercially as the Mercury beginning in 1957.

In autumn of 1956 the Manchester team had begun work on another transistor computer called MUSE. This was an ambitious project which aimed at computing speeds approaching 1 microsecond per instruction. Ferranti Ltd decided at the end of 1958 to support the project. By 1959 the computer had been re-named ATLAS and was thereafter developed as a joint University/Ferranti venture. When the system was completed in 1962 it was the most powerful computer of its time. ATLAS introduced many modern architectural concepts: spooling, interrupts, pipelining, interleaved memory, virtual memory and paging. Program execution was controlled by the Atlas Supervisor - considered by many to be the first recognizable modern operating system.

A small computer industry was attempting to get off the ground in France at this time as well. While France had seen some early successes in computing for military applications, (SEA CUBA and CAB systems), in general little attention was given to commercial applications. In the late 1950’s this fact began to impact Compagnie des Machines Bull France, which at the time was the alternative to IBM for punched card and electronic calculator installations in France. Feeling pressure from the new large scale general computer systems IBM was producing, (IBM 704, 705 and 709), Bull initiated the design of an equivalent system of its own.  Bull had a lot of experience in electro-mechanical technologies, and some experience in electronics valve technology, but it had no experience in transistors and very little access to outside technology. Thus in 1957, they began building their first general purpose computer, the Gamma 60, completely from scratch. 

Released in 1960, the Gamma 60 found little market outside of the country. Certainly its acceptance was not helped by the exclusively French naming of all terminology related to its architecture, nor by Bull’s failed attempts to develop a high-level programming language to replace FORTRAN of the IBM machines. These drawbacks and more led to the inevitable termination of the Gamma program in 1962.

One final notable development of the 50’s was the introduction of German electronics manufacturer Siemens & Halske to the computing industry. Its 1959 release of the Siemens 2002 demonstrated the first mass-produced universal computer that was fully transistorized.

Buyouts: 1960-1970


During the 1960’s, pressure from American manufacturers started to become keenly felt. The result was a period of tremendous activity in the formation of conglomerates of Western European computer companies in an attempt to compete against the likes of IBM, Univac, RCA, and GE. Ultimately, however, all of these efforts failed to accomplish this goal.


Our story begins with the British International Computers and Tabulators (ICT), which itself was formed by the 1959 merger of the British Tabulating Machine Company (BTM) and Powers-Samas Accounting Machines Ltd. Seeking a greater presence in the general computing field, in 1961 ICT acquired computer interests of the General Electric Co. Ltd (GEC) and those of the Electrical and Musical Industries Ltd (EMI) in 1962. Ferranti, which had become financially burdened by the development of ATLAS and a later large computer project named ORION, sold its main computer interests to ICT in 1963. 

1963 also saw English Electric absorb Leo Computers, which in 1964 became EELM when it absorbed the computer division of Marconi. In 1967, EELM and Elliott Automation merged and became English Electric Computers (EEC).

Finally in 1968, ICT and EEC were brought together as a part of the Industrial Expansion Act of the Wilson Labour Government.  The new company, International Computers Ltd (ICL), inherited two main product lines: from ICT the ICT 1900 Series of mainframes, and from EEC the System 4, a range of IBM-compatible mainframe clones, based on the RCA Spectra 70. 

Meanwhile in Germany, Siemens & Halske was incorporated as Siemens AG in 1966, and in 1967 acquired Zuse KG. Siemens. The Zuse purchase was less about acquiring technology and more about acquiring customer base: as early as 1964 Siemens had already decided to enter into a distribution agreement with RCA rather than continue to produce their own systems.

Faced with the growing cost of financing the equipment it leased, and the competition from IBM, Bull was bought in 1964 by General Electric and became integrated in the American company as a division named Bull-General Electric. That same year General Electric purchased the electronics division of the Italian company Olivetti, which had produced that country’s first computer, the Elea 9003, in 1959.

In France, considerable concern was growing over these developments. In 1966, the French government launched their response: Plan Calcul (Calculation Plan), which was intended to ensure the independence of the country’s computing interests from the American industry. The Calculation Plan involved the creation of the IRIA, a public research organization, as well as a private computer company assisted by State funding. This company, the International Company of Data processing (CII) was a federation of existing computing divisions at French companies.

While publicly Plan Calcul was touted as a business independence maneuver, in reality it was driven more by military needs. Part of the motivation behind the Plan had been an American prohibition on the sale of certain military computer technology to France. The CII charter thus read more like a military R&D contract than a business plan for a computer company. Of course, the demand for general business and scientific machines was still present. In order to meet this need, CII licensed system designs from the American company Scientific Data Systems (SDS). Aside from the inescapable irony of this decision, it also had the impact of causing incompatibilities across the CII product line, leading to increased development costs. 

Thus by 1970, the computing industry in Western Europe had become dominated almost entirely by technology produced by American companies. Half of the product lineup of the major British manufacturer consisted of systems based on RCA machines, as did those of the major German producer. The major French and Italian computing initiatives were now owned by GE.  

Meanwhile IBM had by this time established official operations and research centers in a majority of Western European countries and was experiencing enormous sales success with its vast range of System/360 machines. As it turned out, Western European companies were not the only ones having difficulty competing against IBM. The 1970’s would open with a major announcement from GE that it was selling its computer manufacturing assets to Honeywell, and followed shortly by a similar move from RCA, which sold its computer division to Sperry Rand.

End of an Era: 1970-1980

Unidata


Still convinced that large conglomerates were the only way to fend off the IBM juggernaut, a confederation of European computer makers came together in 1972 under the name Unidata. Siemens, CII and the Dutch company Philips were participants. ICL had also been approached but in the end opted out of the agreement.  The idea was to operate in a fashion similar to the recently formed Airbus Industrie, which had brought together a consortium of European aerospace firms to compete against American companies such as Boeing and McDonnell Douglas. CII was to be responsible for the architecture of the machines, software and electronic technology would be handled by Philips, and Siemens (which had acquired rights to the now-defunct RCA Spectra series) would be given charge of mechanical peripherals.

Contrary to Airbus, however, the Unidata participants were unable to decide on a common direction. Each desired to take advantage of their existing designs rather than concede control to another group. As a result the companies came to see Unidata more as a source of European subsidies than a hub for technology or business development. By the end of 1975, all three participants had pulled out of the arrangement, and the Unidata association was officially dissolved.
Minis


At this point the situation for the French, German, and British computer manufacturers looked bleak. Moreover, blinded by their drive to compete with IBM in the mainframe market, they had all but ignored a growing trend in computing: mini-computers.

Yet hope for Western Europe came from what until now had seemed the most unlikely of places: Scandinavia. In Denmark, Regnecentralen had quietly been producing machines since the late 1950’s, and by 1966 they were producing the RC 4000 series of mini-computers, which began to sell throughout Europe. The RC 4000 was a highly reliable machine, and is particularly notable for its operating system, Monitor, developed by Per Brinch Hansen. Monitor was the first real-world example of a microkernel, and formed the basis of most OS research into the 1980’s.

In Norway, Mycron released its pioneering MYCRO-1 in 1975, the world’s first single-board computer, which was based on the Intel 8080. Five years later came the release of the Mycron 2000, an Intel 8086-based mini-computer. The Mycron 2000 found a home at DEC, where it was used as the development platform for the CP/M-86 OS.

Another Norwegian company, Norsk Data, had been producing minicomputers since 1968. Significant products included the 1972 NORD-5, a 32-bit supermini, and the 1978 NORD-100, the first single-board 16-bit mini.

However, even these pioneering companies would be blindsided by the move to microcomputers leading into the 1980’s. They and the last remnants of the mainframe giants such as ICL would eventually all be absorbed into foreign conglomerates. It would become the responsibility of a new generation of British computing startups like Sinclair and Acorn to face up to the personal computer wave in the decades to come.

Conclusions

Motivation for Developing Computing Technology
From the timeline, it is clear that the direction of computing during the 1940s-80s was influenced by a number of factors, many of which had impact that stretched far beyond Western Europe. 

Primary among these influences was World War II. The War provided the necessity and the national backing to develop machines for military purposes, particularly in the UK. After the war, this investment in defense continued, particularly in projects such as MOSAIC and TREAC which were direct outcomes of the need for radar research.

The development of the atomic bomb during this same period also factored heavily both politically as well as logistically. Indeed, the delays in the construction of the NPL ACE were largely due to the temporary assignment of the required personnel to the Department of Atomic Energy. In France, the private military motivation for Plan Calcul was driven by a desire to acquire nuclear technology, especially when that technology had been withheld by the United States under an argument of non-proliferation.

American competition was clearly another major factor of the era. This was particularly true of the pressure brought by IBM, who had already established a significant European foothold prior to the 1940’s. Despite combined efforts such as Unidata, slowing the IBM sales force proved to be an insurmountable challenge. Ultimately, a preoccupation with competing against IBM in the mainframe space became the downfall of the majority of the “big iron” manufacturers.

Barriers due to English-based Programming Languages


Western Europe, itself a melting pot of a variety of languages, does not seem to have been impeded by the fact that the majority of early development in computers and high-level languages was done in English. Many persons of scholarly positions likely knew English as a second language, or at least enough of it to be able to understand what a computer program was trying to do. Of course, the earliest computers were all programmed in machine code, and off the shelf software was unheard of, so software programming was likely localized to a hardware team to begin with.

Effect of Patent Laws 

American patent law was largely derived from systems in place within England, which was already similar to other European nations in its regard to its stance on intellectual property rights. No major issues of unregulated patent infringement seem to have occurred in this region of the world.

Attitude Towards Sharing Technology with Other Countries


The British clearly had developed a close relationship with the United States in the area of technology sharing. With the notable exception of the ACE, most of the early British machines were derived from the EDVAC proposal. Ideas in computing were not withheld in general unless they were thought to be related to national security, as was the case with the majority of the military systems and radar related projects. Foreign investment and corporate ownership of various technology companies over the years ensured that ideas and practices in the field of computing were quickly absorbed by the region.

Effect of the Cold War

World War II left a lasting impact on the region, particularly in the division of Western Europe from Eastern Europe. The Coordinating Committee for Multilateral Export Controls, or CoCom, prohibited the sale of particular computer technologies to Eastern Bloc countries during the Cold War. One such technology was 32-bit microprocessors, leading to the production by Norsk Data of the only known example of a 28-bit computer system, which was actually a 32-bit system with some wires cut to meet CoCom export requirements.

Computing in Eastern Europe
Time Outline
The time frame considered for my project is from 1945 up to the fall of the iron curtain in 1989. Anything previous is irrelevant since the development of computer technologies was practically non existent in that part of Europe. My upbringing has taken place over there, so a fraction of information is based on personal experience. 

Political Climate 1945 – 1960 

Every country in Eastern Europe has been involved in WW II with devastating economical results and significant human sacrifices. The situation became more dramatic after the war when all of them were forced to implement communism (socialism) against their will. The first 5 years where very tumultuous and is characterized by intellectual purging based on social class origin. The intellectuals were physical eliminated in cases their origin was wealthy (so call bourgeois), members of clergy or political orientation. The implementation of this inhumane political system was done by people foreign to those countries but eager to implement it as they did in their country of origin. The level of purging was proportional with the intellectual frustration of those implementers. The effect was overwhelming in industry, agriculture, education, and every aspect of society in all Eastern European countries. It took another 5 to 10 years in order to have a new generation of engineers, educators and scientists which is necessary in any economy. This particular subject can take up to few books in order to understand the magnitude of damage and the harmful implications of this policy on society. The process was completed sometimes at the beginning of 1960’ when we start seeing some technical achievements in multiple technological fields. There is no mistake to declare that there is approximately  20 years gap in technology between USA (including Western Europe) and Eastern Europe due just to purging alone, not mentioning the previous one before the war.

Political Climate 1960 – 1989

This time period is marked by popular uprising in Czechoslovakia (1968) and Poland (1980’) where people were unsatisfied with the political regime. The political leadership in those countries repressed the revolt using violent methods. The rest of eastern block countries were taken additional prevention method in order to stop them for happening. The communist parties realized that information is the driving force behind that and kept a tied control on TV, radio and any other mass information channels. On the other hand during this time there were braking through technologies in many fields developed in western block and USA. In order to keep up with the west from militarily and economically point of view, the political leadership realized they have a major problem and something needs to be done to minimize the existing technological gap. Around 1965 many Eastern European countries started co-operation projects with private companies from western block and USA. The computer technology was a major field where we see this type of co-operation. Many political scholars believe that a major contribution to the fall of communism in Eastern Europe had to do with the introduction of these new technologies.   

Economical model 1947 – 1989

Another negative impact on technology had to do with the economical model used by the socialist systems. The private industry was complete nationalized by 1947 in all these countries with a minor difference in Yugoslavia where some private ownership was allowed. The economical model is centralized and in complete control of a unique political party (socialist or communist) of that country which where notorious for their unfitted leaders.  One of the major mistakes was the five year economical plan which was outlined by the political party in control and required production fulfillment specified in that plan, no matter if the market’s offer and demand changed in the following five years or not. The economical consequences are easy to comprehend. On top of that, because all the companies (factories) were owned by government, there was absolutely no competition permitted among them. The research and development projects were not popular among party leaders who either did not understand the technical aspect or if there was no immediate financial gain.

Intellectual Property
Prior to WW II there is no history of intellectual property (IP) law in Eastern European countries.  After the war, the communist system recognized the economic rights of the inventor with one time cash award but after that all the subsequent rights were reserved to the state (government). However, the communist countries didn’t respect the intellectual property rights coming from Western Europe or USA.

Economical Assistance
In 1949 all Eastern European countries would start the Council for Mutual Economic Assistance (COMECON) as an equivalent to Marshall Plan (1947) that finalized with the creation of European Economic Community (EC) in 1951. The COMECON was more inclusive in the economy of these countries then EC and in essence under the control of USSR. The economic collaboration had some positive roll in the development of computer technology after 1960 due to technology shearing and collaboration projects among countries. 

Cold War Impact
During the cold war United States banned the export of new technologies to Soviet Union and Eastern European countries in 1947 under Coordinating Committee for Multilateral Export Controls (COCOM) organization. The COCOM had 17 member states and 6 cooperating states. In essence, the export of 32 bit computer systems are forbidden to all communist countries.  

Poland
1948-1959
Development of computers began in 1948 at the Mathematical Institute in Warsaw. First analog computer, Analyzer of Differential Equations (ADE) was completed in 1954 and used for few years followed by the first digital computer, called XYZ which was finalized in 1958. The XYZ was designed by Leon Lukaszewicz, a well-known figure in Polish scientific community. The XYZ performed 800 operations per second and had one-address implemented in diode logic and dynamic vacuum-tube flip-flops, with 36-bit words and sign-plus absolute-value arithmetic. The computer also used magnetic drum for memory. The designer of XYZ recognized his limited experience and that he used a foreign concept (IBM 701). The XYZ was improved and evolved to ZAM 2 which used Automating Coding as software also known as Polish FORTRAN. The ZAM 2 was impressive compared to everything else produced in that time in Eastern Europe. 

1960-1967
The first transistor computer, S1, built in 1960, had one-address instructions, 18-bit words, and signed absolute-value arithmetic. The average speed was 300 operations per second and it was designed for industrial control. A factory producing computers was created in Wroclaw and S1 computer (renamed as ODRA 1001) was made available in Poland and other communist countries. A new series of ODRA 1002, ODRA1003, ZAM 21 and ZAM 41 would follow in 1961 – 1964 period. The ODRA 1013 (1965) closed the line but needs to be mention as being the first computer that performed floating-point operations. 

1968 – 1980
A new era started in 1968 when Poland and British computer maker ICL signed a contract that materialized with ODRA 1204 (first Polish mainframe) that was compatible with ICL 1904. The ICL 1904 had hardware floating point but it had only 15 bit addressing. The basic designed changed to 24 bit word, divided up into 6 bit characters. The following model ODRA 1205 (ICL 1905) was released at the beginning of 1970’.   The co-operation between Poland and ICL went up to 1975. By about that time the factory releases the SM4 (PDP 11).  It seems that Wroclaw factory gets involved also in the development of RAID series (IBM 360/370) from 1975 up to 1980. It is very clear that the US and Western Europe technologies were the model for the computer industry in Poland.

1981 – 1989
This period is marked in Poland by a major economical recession and stagnation; thousands of well educated people will emigrate to Western Europe and USA.

Education
Polish universities organized computer science departments starting in 1965. 

Romania
1960 – 1970

Romania had a slow start mainly related to the political turmoil and lack of scientists. The first vacuum tube computer MECIPT-1 was built in 1961 at Polytechnic Institute of Timisoara by Vasile Baltac and Wilhelm Lowenfeld. The MECIPT-1 had the following characteristics: 15 bits instruction, memory address space of 1024 bits, word size of 30 bits plus a sign bit and performed 50 operations / sec. In was designed for industrial control but later modified for military purpose under the name of CENA. In 1963 a second generation computer MCEPIT-2 was released followed by a fully transistorized version MCEPIT-3 in 1965. About the same time the Institute of Nuclear Physics (Bucharest) develops under the leadership of T. Tanasescu its own computer, CIFA-1 using also vacuum tubes. By the end of 1960 the academics and scientists in Romania were marked by the evolution of computer technology in USA specifically the time-sharing system (STS) and projects such as MAC, MULTICS and Genie. They decided that the best concept is to “follow the leader” and a number of academics and scientists come as visiting scholars in US (Berkeley, Stanford and MIT).

1971–1975
The third generation computers are created in cooperation with CII from France under a secret agreement. The cooperation with US was not possible due to COCOM restrictions. France had an autonomous status in NATO at that time and licensed IRIS 50 to Romania under the name Felix C256. Interesting enough IRIS 50 was designed after SDS 960 (same engineers that designed IBM 7030). This is the time when computer science gets a lot of attention at the government level and a series of research institutes in computer science field (ICI, ICTC, DUEC, etc) and computer factories (ICE, FEPER, IIRUC, etc) are created across the country.
1976-1985

At the end of 1970’s and beginning of the 1980s, the Romanian government starts a joint project with DEC that materialized in manufacturing of PDP 11 and VAX 730. This was possible because DEC was not under COCOM restrictions. Those types of computers were exported in East Germany, Poland and China. Domestically the computers were used in every branch of economy. During this time many engineers were educated in USA, England, France and Denmark. 

1986-1989
The Romanian economy declines sharply, the government stops importing new technologies, making difficult to keep it up at the user level, let alone of implementing further developments. A lot of restrictions are implemented in traveling and information exchange affecting scientific community the most.

Education
Computer science departments were created around 1965 in all major university centers. The driving force was Grigore Moisil a mathematician by trade but a big advocate of computer science. Furthermore the computer science discipline was introduced starting with the 9th grade in some high schools in the mid-1970’s

Bulgaria
1945-1960

Bulgaria also goes through a political turmoil in this time period similar with Romania and there is no record of computer technology being developed.

1961-1975
The first computer center is established at the Institute of Mathematics at the Bulgarian Academy of Sciences (BAS) in 1961. The first computers designed and build by Bulgarian scientists using vacuum tubes, Vitosha was fully functional in 1963. In 1964 the first production line of Germanium point-diodes is started under the license of the French firm "Thomson". The institute of Microelectronics is created in Sofia in 1967 which designed and built integrated circuits. Elka-42, the first full transistorized model is built in 1968 using MOS (metal-oxide-semiconductor) IC under the leadership of Stephan Angelov, Lyubomir Antonov and Petar Popov, followed by Elka-43 in 1969 up to Elka-50 released in 1974.

1976 – 1985
Bulgaria starts producing MOS ROMs of 2, 4 and 6 Kbits in mid 1970’ that were used for ISOT 500 a microprocessor system. In 1980 the first Bulgarian microcomputers are produced by the Bulgarian Technical Cybernetics Institute. They developed a line of microcomputers called IMKO. The line was very successful, easy to use and at reasonable price. In 1984 the Pravetz factory start producing IBM-PC XT/AT compatible computers under it name Pravetz-16/16A/286. The Pravetz factory had also an Apple line; known on market as Pravetz-82/8M/8A/8E/8C (8M had Z80 built-in). Few interesting technical details about Prevetz-8M, the main processor 6502 (developed by Bulgaria) had 1.018 MHz and the secondary Z80 at 4 MHz. 

1986 -1989
Although Bulgaria goes through a economical stagnation, the computer industry remains profitable and at high standards. At its peek Bulgaria supplied 40% of the computers in Eastern Europe, employed approximately 300,000 people and had a yearly income of $ 13.3 billion.

Education
Bulgaria introduced computer science in its universities sometimes at mid 1960’and also had high schools specialized in computer science.

Yugoslavia
1945-1960
The political climate was slightly different in Yugoslavia compared with the eastern block. The country was not part of COMECON organization and not affiliated military to Warsaw Pact. However, the country defined itself as socialist country and the political leaders impose strict technology import rules and regulation that influenced de development of computer technologies. The first computer was designed at the end of 1950’ by Tihomir Aleksic at Mihailo Pupin Institute in Belgrade. The computer line called CER had the first functional model CER-10 in 1960. CER-10 was a vacuum tube based computer with magnetic core memory and 4096 of 30 bit words, performing 1600 additions per second.

1961- 1980
The CER line continued with CER-20 considered the first digital computer. In 1967 the same institute created the first transistorized version CER-22, designed for banking applications. There were additional models such as CER-2, CER-12 and CER-200; unfortunately there is no information about them.. The politicians realized the magnitude of technology gap and allowed the imports of foreign mainframes (IBM 360 and IBM 370). In the first half of 1970, Yugoslavia started cooperating with DEC which materialized in ISKRADATA 1680 and ISKRA Delta 800 (derivative of PDP-11/34) that continued through 1980’. The only technical detail made public for 800 model is it had 4KB on ROM.

1981 – 1989
Few government run companies attempted to produce minicomputers such as Lola 8, Pecom 32 and Pecom 64 but they failed. It seems that the price was much higher compared with the popular foreign models such as ZX Spectrum and Commodore 64; also they were not available in stores. In this period the IBM PC’s grew in popularity and the manufactures in Yugoslavia produced few models such as TIM and Lira. These computers had a limited success and they were distributed only to government owned institutions.
Education
The universities in Yugoslavia embraced the computer science discipline in the beginning of 1960’. The traveling restrictions were not so severe as in the rest of Eastern Europe and a lot of computer engineers got their training in western countries.

Hungary

1945-1967

Hungary went through major political unrest in this time, culminating with a revolution in 1956 that was suppressed very violent by the communist regime, the casualties were around 20,000 and a number of 200,000 people including some top intellectuals found refugee in Western Europe and USA. In 1957 the Research Group for Cybernetics of the Academy of Science is created in Budapest, unfortunately there were some contradiction on the technical and political level. The first successful project M3 was based on the previous development at the Moscow Institute of Energetics. The M3 was started in 1960 and finalized in 1964. Thee were some other independent projects such as MESZ-1 (1958) designed and built by prof. Kozma at Budapest Technical University using inexpensive Hungarian-made relays.

1968-1989
1989 is considered the turning point in the Hungarian economy. The Intergovernmental Committee on Computing (SZKB) is created and in charge of modernizing the computer technology. The Unified System of Computers was created by COMCON under the USSR control which had the goal of cloning IBM 360. Hungary’s task was to produce the smallest models of the series; the R-10 was the first model and produced under software licensed from French companies (CII and Mitra). Later on models R-12 and R-15 were produced under the same license agreement. The displays made by Videoton factory became very popular in eastern block including USSR. In the same time DEC’s PDP 8 was used as a blueprint for the development of TPA series that included TPA-8, TPA-11(16 bit), and TPA-11/500 (32 bit). The last two were compatible with PDP 11 and VAX -11 series and were produced up to late 1980’. Many government research institutes were working on image processing and problem solving tools.

Education
The computer science departments were created early 1960’ and were affiliated to technical universities. It is estimated that in 1980 – 1989 more than 100,000 students took part in computer training at universities

Czechoslovakia:

1945–1960
Up to the end of 1950’ Czechoslovakia went through difficult political changes which were an impediment in the development of computers. The Institute of Technical Cybernetics (ITC) is created in 1655 as the first computer engineering institute in the country. The first Czechoslovak computer can be identified to the Institute of Mathematical Machines in Prague where was developed in 1957 by A. Svoboda. It was a fault-tolerant computer using relays and magnetic drum memory. 

1961-1980
The first decade is marked by social unrest that lead to 1968 revolution which was brutally repressed with foreign intervention by some countries from Warsaw Pact. Those events did not stop further developments in computer industry. The following vacuum tubes computers EPOS-1 and EPOS-2 developed by the same group (ITC) were functional in 1962, recte 1965.  In 1966 Czechoslovakia starts the development of the third generation universal medium-size control computer called RPP-16 that was produced by Tesla Orava factory. The RPP-16 had interesting features: 16/32 –bit word length, single-word transfer channel, up to 64K words operation memory, performing addition in 4 ms and multiplication in 10ms. In 1975 the ITC begins the development of SMEP computers inspired by PDP-11 series (PDP-11/20, PDP-11/40, and VAX 11/780).

1981 – 1989
The last decade was spent in joint venture projects with other COMECON countries in the development of next generation computers. It became quite obvious at same point that it was difficult and time consuming to produce equivalent products with Western European countries and U. In spite of all effort the gap between east and west Europe was increasingly growing. 

Education
The computer science education was introduced in 1962 and affiliated to Electrical Engineering departments of technical universities. 

Albania 

1945-1989
Albania was undeveloped and poor compared with the rest of eastern block countries and unfortunately kept its position up to 1989 when communism collapsed. The political leadership kept the country isolated from its neighbors and the rest of Eastern European countries. Although Albania was part of COMECON organization, it ceased its participation as active member in 1960. There is no information regarding computer science development in Albania.

Conclusion
Although some of these countries are proud of their achievements in computers, the truth is no breakthrough technology came from there, in majority of the cases the technology was copied from other western countries (mainly USA) or built under western licenses. There were many detail left out due to space constrain; a subject like this one can be easily included in a book. The communist system collapsed in 1989 and every Eastern European country went back to capitalist system at a different pace. These days those countries are part of NATO military treaty and European Union (exception Yugoslavia and Albania).

Computing in Russia and former USSR

Mechanical calculating devices
Abacus (mid 17th century) 

The first calculating devices in Russia date to 17th century. During that period the Russian Abacus is invented. There is evidence that already in 1658 the Russian term for abacus “Schoty” was mentioned in inventory book of the famous Russian Orthodox Church reformer Archbishop Nikon. Abacus quickly became the most popular tool for counting during the 17th century in Russia and actually had been made for sale. More info about the device here [1]
The summing machine (not later than 1770) 

The calculating machine invented by Jevno Jacobson. He was a mechanic and clock maker from the town of Nesvige in West Russia (now Belorussia). The machine could do additions and subtractions with automatic tens carry operations. The machine operated with numbers up to nine tens in length. The machine is preserved in Lomonosov’s museum in St. Petersburg, Russia. It has traces of intensive usage. More info about machine here [2] 

Slonimsky theorem and simple computing device made on its basis (before 1843) 

Zinovy Slonimsky (1810 – 1904), Russian self-educated mathematician, invented a simple multiplication device based on a theorem proved by him. The device allowed to multiply any number of permitted length by numbers 2, 3, 4, … 9. Photo and description of how it works can be found here [3]. Slonimsky received a 10 year patent for his invention in 1845. This device was later improved on by Kummer’s counter and Joffe counting bars and both of them had been produced in significant amounts. 

Kummer’s counter (1846) 

St. Petersburg teacher of music, Kummer presented his own adding device to the St. Petersburg Academy in 1846. It was based on Slonimsky theorem and was much more efficient then Slonimsky machine. The biggest advantage was portability. Kummer himself wrote “The Slonimsky machine is about 18 inches long and 3-4 inches broad. It’s hard to imagine that anybody would like to carry an instrument of such size on his person. The specific design of my machine allows it to be as small as a playing card, without the danger of losing the readability of numbers”. The academician Ostrogradsky noted that “a sheet of paper folded eight times, would be as thick as this device”. The Kummer’s counter was so successful that it has been serially released (with various modifications) until 1970s. More information and photo of this device [4] 

Oddner Adding machine (1873) 

Willgodt Theophil Odhner, born in Sweden in 1845, was employed by L. Nobel “Russian Diesel” mechanical plant in St.Petersburg. During that time when he was employed by Nobel and with Nobel’s support Odhner began to work on his invention of calculation machine. Odhner wished to design and manufacture an industrial calculating machine that was small, inexpensive, simple and easy to operate. During that time there were only Thomas machines [5] on the market but they were rare and not very practical. In 1873, after a long period of experiments and calculations, Odhner was able to produce a working model of calculating machine at home. More information and photo of this device can be found here [6]. In 1878 Odhner established a joint company with the “Kenigsberger & K” and received a number of patents for the arithmometer. 500 machines were produced and sold in Russia in 1890. 4000 arithmometers were produced and sold in Russia in next 5 years. Odhner machines were first Russian machine ever to be exported. In 1891 Berlin branch was established and 20000 were sold before 1912. After Odhners death in 1905 in St.Petersburg his company/plant was taken over by Odhners relatives and renamed to “The Heirs of Odhner”. Production of arithmometers continued till 1917 when the October Revolution happened. Until that time about 23000 arithmometers have been produced and sold in Russia. After the Revolution the plant was taken over by Communist government and renamed to “The First Repairing and Construction Plant”. Arithmometers were still being produced there as well as in Moscow. The arithmometers were produced under the name “Odhner-Original” (till 1931) but later renamed to “FELIX” after Felix Dzerzhinsky [7]. Production of these machines (with various modifications) continued up until the time of electronic machinery. The production maximum in the USSR had reached in 1969 when 300000 of “FELIX” machines had been produced. It was recognized that by the end of 1940, the Odhner arithmometer was the most popular portable mechanical calculator in the world. Several millions of them were in use. As per technical characteristics, the VK-2 (modification of “FELIX”) could perform 1250 additions, 370-450 multiplications and 320-350 divisions per hour. 

FELIX (1931) 

Modification of Odhner machine ( see above about Odhner machine). Originally named “Odhner-Original”, the Odhner machine was renamed “FELIX” in 1931 after Felix Dzerzhinsky [8]. More information about “FELIX” machine can be found here [9]. 

KCM-1 (1935) 

A keyboard semi-automatic adding machine KCM-1 (keyboard counting machine) had been released in USSR. It had a manual and electric modes. More information about the machine can be found here [10] 

SAM-1 (1935) 

The first Soviet "calculating and analytical machine" was an advanced model of the "Hollerith tabulator" [11]. It was a result of 1926-1927 development of the calculating centers equipped with calculation-analytical complexes of Hollerith and Powers machines. 

Electronic computers
First generation machines (electron valve computers) - 1950s

MESM (1950) 

The first universal lamp computer in USSR. The work on it started in 1947. MESM was in operation in 1950 and the same year was officially accepted. MESM was developed under the direction of Sergey Lebedev [12] in Kiev, computer pioneer in USSR. Interestingly enough though the MESM project began several years later than the first Western stored program electronic computers; it was developed quite independently. MESM architecture is today known as a “Von Neumann Architecture”. MESM had 2 electronic memory units, one for 31 numbers (17 bit each) and the other for 64 commands (20 bit each). There was possible to connect memory unit to a peripheral memory device, the magnetic drum with capacity of up to 5000 words. The input / output data was stored on magnetic tape. The performance depended mainly on the characteristics of electron valves (the working frequency was 5 KHz). Only fixed point numbers were processed. Speed of addition, subtraction and multiplication was 17.6 ms. Division speed was between 17.6 and 20.9 ms. The memory units of MESM consisted of 4000 electron valves. There was 6000 electron valves altogether. The quality of electronic components was very low and Lebedev had a very limited choice of both components and facilities. This made its negative impact on overall performance - only 50 ops. Power consumption was 15KW and MESM occupied 600 sq ft. More information[13]  

M-1 (1951) 

Developed under direction of B.Rameyev and I.Bruk [14] in Moscow. It was developed rather in a short time (1949-1951). It had a classical von-Neumann design. It operated with 24 bit fixed point numbers and four address statements and implemented binary arithmetic. Two memory units were used simultaneously - both the static-electrical and the magnetic drum each with capacity of 256 numbers. The electronic memory consisted of 8 cathode ray tubes each with capacity of 32 numbers and frequency of 60 kHz. Standard teletype punch tape was used as the data / program carrier. The total number of electron valves used was 730. The M-1 had a performance of 20 ops. More information[15] 

M-2 (1952) (Enhanced modifications of M-2 was released in 1954) 

Developed under direction of M. Kartsev. The goal was to create a computer for scientific calculations as small and as fast as possible. In comparison to BESM, the M-2 was almost a mini computer. It needed only 220 sq ft as opposed to 1700 sq ft of the BESM-1 and power consumption was 29 kW while BESM-1 consumed 80 kW. Performance was 2000 ops. More information[16] 

BESM-1 (1952) 

Built by S. Lebedev in Moscow on experience gained in MESM project. For several years the BESM-1 was the quickest and most powerful computers in Europe. It had a performance of 10-12 thousands ops. It operated floating point numbers, the size or processed numbers were up to 2 in power of 32, precision of calculations reached almost 10 decimal points. Memory units were based on cathode ray tube and ferrite magnetic cores. The ferrite core memory had a capacity of storing 2048 39 bit words. In 1955 S. Lebedev was invited to the International Conference on Electronic Computers in Darmstadt (Germany), where he made a report on BESM-1. This was the first information on Soviet computing published abroad. More information[17] 

STRELA (1953) 

The first computer produced in small series. Developed under direction of B.Rameyev in Moscow. Its processor had combined binary-decimal arithmetic and performed 2000 ops. Memory unit was able to store 2048 43-bit words. With its 8000 valves the power supply was 150 kW. There were 7 Strela machine had been produced during 1954-1958, “though serial” they could be called rather relatively since the improvements made in each later made them (partly or completely) incompatible. This computer was used in first modeling of nuclear explosions as well as for some space research tasks. More information[18] [19] 

DIANA-1, DIANA-2 (1952 - 1955) 

The first Soviet special, missile defense computers developed under S.Lebedev. The computers were for automatic data reading and radar air target tracking. Subsequent research led to the design and development of a whole generation of computers for use in the anti-missile defense system. 

URAL-1 (1955) 

The URAL computer was the next serial machine. Shortly after completing STRELA project, B.Rameyev was directing the URAL project. This was one of the most popular universal machines used in the industry. It was developed until 1970. Despite its large size, URAL belong to a mini-computer class. The usage of the magnetic drum as a memory unit made it rather slow – only 100 ops. URAL was completed in 1954, tested in 1955 and was in commercial production from 1956. More information[20] 

M-3 (1956) 

Mini-computer designed by group headed by I. Bruk in 1956 and came into a serial production in 1957. The aim was to create small economical computer with comparatively simple structure. The M-3 consisted of 770 electron valves, consumed 8kW and occupied 30 sq ft. It had 30 ops. The M-3 exerted a certain influence on further general development. One of its designers later in 1957 in Erevan developed an advanced machine M-3M, it reached maximal performance of 3000 ops with usage of ferrite core memory (instead of drum). Another designer, G. Lopato, in Minsk, Belorussia also implemented the ferrite core memory and gave the name Minsk thus the first computer from famous series MINSK appeared. More information[21] 

KIEV (1957) 

The Kiev project was headed by B.V. Gnedenko and V.M. Glushkov in Kiev, Ukraine. Two machines were produced. One of them was sent to nuclear research center in Dubna (near Moscow). Its average performance was 10 000 ops. More information[22] 

BESM-2 (1958) 

BESM was improved and named BESM-2. It had ferrite core memory. It appeared in mass production in 1958. By 1958 computers of both mini and high classes had already come into commercial serial production. 

M-20 (1958) 

The serial electron valve computer designed by S.Lebedev. It was one of the fastest computers in Europe reaching 20 000 ops. It had a ferrite core memory for 4096 words as well as an external memory (ROM) on both magnetic drums and tape. One of interesting features was a simultaneous performance of arithmetic operations. Logic circuits were built entirely on semiconductor diodes. There were some innovative techniques introduced that made M-20 very reliable. Also M-20 was provided with a perfect software (for that time), created by M.R. Shura-Bura. All these made the computer very popular. Its commercial production lasted till 1965, when it was replaced by modernized versions (compatible) M-220 and M-222. There performance had risen to 200 000 ops. More information[23]

 HYPERLINK "http://www.bashedu.ru/konkurs/tarhov/english/m-220.htm" \o "http://www.bashedu.ru/konkurs/tarhov/english/m-220.htm" [24] 

RAZDAN (1958) 

Intended for solution of the scientific, technical and engineering tasks of small productivity. The speed of calculations - up to 5000 ops. More information[25] 

SETUN (1959) 

The only ternary computer. Devised and developed by N.P.Brusentsov in Moscow State University. It used magnetic core based logical units. It was the first and only computer in the world with ternary arithmetic “Setun” is a small digital computer intended for solution of the scientific, technical and economic tasks of average complexity. It was serially released in 1962-1964. It reached 4800 ops. More information[26]

 HYPERLINK "http://en.wikipedia.org/wiki/Ternary_computer" \o "http://en.wikipedia.org/wiki/Ternary_computer" [27] [28] 

URAL-2, URAL-3, URAL-4 (1959-1961) 

New series of electron valve computers by B. Rameev. These machines reached 6000 ops. 

MINSK-1, MINSK-11, MINSK-12 (1960-1962) 

Designed by G. Lopato. Performance was 3000 ops. More information[29] 
Programming in the USSR. The association of M-20 Users and Three ALGOL Compilers
Programming research in the USSR developed simultaneously with computers. Computer seminar was established by S. Lebedev in Kiev in 1947 – the same time as his work on first Soviet computer MESM started. There was a similar seminar established at the Moscow Institute of Computer Machinery in 1950. This seminar in Kiev was conducted at the same institute where Lebedev was assembling his MESM and BESM machines. It resulted in the publishing of one of the first programming books in the world (in 1951). The Moscow Institute of Mathematics became later on a center of programming research. In 1953 A.Lyapunov, famous Russian mathematician, headed an independent programming department in it. In 1952 the famous mathematician and pioneer of linear programming L.Kantorovich began his programming research in affiliated institute in Leningrad. In 1952-1953 Lyapunov developed the method of operator programming. In 1953-54 Kantorovich suggested his conception of large block programming. The creation of the operator method became the starting point for the automation of programming. The idea of large block programming was developed into conception of modular programming. In 1954 Lyapunov established a scientific theory of programming – the idea here was on formal representation of the program with logical sequence of symbols including the operators of three basic types: assignment, conditional and shift statement (this one was for “moving” other statements into other memory areas). This idea was further developed and little later resulted in first Soviet compiler (translator) created by S.S. Kamynin and E.Z. Lyubimsky. In 1954 they tested the prototype for STRELA computer. In 1955 a commercial version PP-2 was produced with new groups of operators. There was a translator PP-BESM created for BESM machine in 1955. The Association of M-20 Users was established by decision of USSR Academy of Science in 1961. Its main objectives included an efficient exchange of information, algorithms and programs, the development of unified program language, the creation of standardized software and further automation of programming. As soon as ALGOL-60 complete description was published by P.Naur, the three parallel projects of its ‘adjustment’ to M-20 started. There were three compiler developed by different groups: TA-1 (no procedure recursions and other restrictions), TA-2 (recursion was allowed), ALPHA (realized the programming language ALPHA, an extension of ALGOL-60, without recursive procedures). Similarly to M-20, All-Union Association of the Users of BESM-2 (later BESM-6 ) URAL and MINSK were also established for introduction of the software development standards. 

Second generation machines (transistor based computers) - early 1960s

RAZDAN-2 (1961) 

The serial Digital Computer “Razdan-2” was intended for solution of the scientific, technical and engineering tasks of small productivity. Performance was up to 5000 ops. Developed in Yerevan. 

DNEPR (1961) 

Developed at Kiev Institute of Cybernetics. Performance about 10000 ops. More information[30] 

MINSK-2 (1963), MINSK-22 (1964) (MINSK series) 

The performance of the first computers was not very high about 7000 ops but later version, MINSK-32, in 1968 had 65000 ops. It had a multiprogramming processing mode that allowed simultaneous execution of 4 programs. More information[31] 

BESM-4 (1962) 

In 1962 the Institute of an Exact Mechanics and Computer Facilities of the Academy of Science of the USSR had created the computer "BESM - 4". Performance - 20 000 ops. RAM - 16384 48-bit words. The peripheral memory - magnetic drums. The computer "BESM - 4" had 4 inputs from phone lines and 32 inputs from telegraph communication circuits. 

M-220 (1965) 

Improved M-20. Performance 27000 ops. RAM on ferrite cores had the access time of 6 microseconds and the capacity from 4 thousands up to 16 thousands of 47-bit words. More information[32] 

URAL-11, URAL-14 (1965), URAL-16 (1967) 

More information[33] 

BESM-6 (1966) 

Created under direction of S. Lebedev at Institute of Precision Mechanics and Computer Engineering in Moscow. It was in commercial production from 1967 till 1984. The BESM-6 computers were actively applied for the most responsible tasks form more than 25 years. E.g. it was the basic machine in AS-6, the space flight control computer system in 1971-1973. More information [34] [35] 

MIR-1, MIR-2 (1968-1969) 

Created at the Kiev Institute of Cybernetics, Ukraine. A special programming language ANALYTIC, implementing description methods and producing the analytical representation of derivatives and integrals, was created for MIR-2. A visual unit for both input and transformations performed by the processor was used in MIR-2 for the first time in the USSR. More information[36] 

Third generation machines (small and medium integrated circuits) - late 1960s/1970s

NAIRI-3 (1970) 

Designed by G. Ovanesyan at Yerevan Research Institute of Mathematical machines. It was the first Soviet computer with integrated circuits. Performance was only 10000 ops though. More information[37] 

ES-1 (1972), ES-2 (1977) 

In 1970 COMECON (Council of Mutual Economic Assistance, included Eastern European block, Cuba and Mongolia) officially decided to jointly create the family of computers ES that would be programmatically compatible with IBM-360. In 1972 the first series of ES computers were put into commercial production. Needless to say this was very good for the mass-customer: the first compatible series supported a huge quantity of IBM standardized software for numerous practical, scientific and economical problems. More information[38] 
Fourth generation machines (big integrated circuits) - 1980s

ELBRUS-1 (1978), ELBRUS-2, ELBRUS-3 (1990s) 
The ELBRUS family were developed by Burtsev, who was later joined by Boris Babayan[39], currently Intel Fellow. ELBRUS-1 had 5.5 mln floating point ops, and supported the RAM up to 64 MB. The ELBRUS-1 was followed by ELBRUS-2 super-computer and by ELBRUS-3-1 with 1 billion ops in the 1990s. Its software library could be extended by the incorporation of all software ever created for BESM-6. For this purpose it was to be combined with the auxiliary super-computer ELBRUS-5, a micro-electronic version of the BESM-6. The ELBRUS family completely proved the advantages of Lebedevs scientific ideology; at the end of the 20th century, it remained the only "purely European" universal computer. According to Boris A. Babaian, chief architect of Elbrus supercomputers, superscalar architecture was invented in Russia. To quote him as saying: "In 1978 we developed the world's first superscalar computer, ELBRUS-1. At present all Western superscalar processors have just the same architecture. First Western superscalar processor appeared in 1992 while ours - in 1978. Moreover, our variant of superscalar is analogous to Pentium Pro introduced by Intel in 1995". More information[40] [41] 
Conclusions
Motivation for Developing Computing Technology
The factors are: science, military, space explorations and later on state economy planning needs. All the history of Soviet computing industry is revolving around several famous scientists. The most prominent computer pioneer in USSR is S. Lebedev. S. Lebedev and B. Rameyev were the people behind majority of first and second generation of Soviet computers. There were as well several prominent mathematicians like Kantorovich, Lyapunov, Shura-Bura who greatly contributed into programming research / aspect of computing and established basis of Soviet cybernetics. There was a famous Lenin’s plan born in 1920 for electrification of Russia. It was one of Soviet top priorities for next decades. By 1930s it had already become clear that almost every problem connected with power supply needed some sort of computing power either for calculations or for power installation control. To satisfy such needs a huge structure was built for calculating a super power transmission line (9600 MWt), 1000 km long. This device was in fact special need analog computer. It consisted of numerous powerful capacitors and inductors. Such analog computing machines were necessary for all Lebedev’s military projects. As 1939 approached and the war was becoming obvious many research centers had been receiving military tasks. Lebedev at Electric Networks laboratory devised automatically aiming warheads for flying objects. Toward the end of 1930s Lebedev turned to binary arithmetic. Lebedev’s work was interrupted by war. In 1945 Lebedev created the first electronic analogue computer in Russia for solving the systems of differential and integral equations. Also in 1945 Lebedev initiated a research paper “High Performance Electronic Pulse counters” and this was a precursor to Lebedev’s idea of digital computer. It resulted in MESM – the first Soviet digital computer in 1950. From that point computers had been designed in and supplied to many research scientific and closed military facilities across country. 1960s is the period of the computer transformation from the “elite facility” for scientific and defense centers into the commercial appliance for the mass civil customer. The success of nuclear physics, space exploration and military applications stimulated the general development of the Soviet computer industry and growth of its priority in the state economy. Though of course, this was not a straight forward process. The low scientific competence of some administrative decision makers who often realized the computer problems in inadequate ways, or underestimated the importance, reduced the efficiency of concrete practical steps as well as under financed budgeting. Anyway the general official attitude was growing positive and the situation of computer industry was gradually improving. Similarly to other countries the Soviet computer customers were mainly represented by the civil industrial enterprises, banks, universities, transport services etc. However the activity of private enterprises and individuals, that is the most quickly reacting part of market, was absent. 
Barriers due to English-based Programming Languages
Not really. Such languages as ALGOL, FORTRAN were easily adopted in research centers. In first languages such as ALGOL-60, ALGOL-68 there was not much English involved. For example ALGOL-60 there were 35 reserved words and 71 predefined identifiers, many of these words were borrowed later on into Russian language. Such words as “procedure”, “comment”, “file”, “real”, “scan”, “print” etc. became a part of Russian vocabulary later on. Also people who worked in computing field were among the top, brightest and highly educated, so becoming familiar with couple hundred of English words was not a problem for them comparing to the knowledge they had to have about underline hardware and processes. Another issue was the problem of programming adoption on a broad level. But (see above) this was due to not enough accent from state on introduction of programming standardization, not enough support for introduction of programming in civil enterprises, slow reaction and underestimation/not understanding of the importance of this problem by administrative decision makers etc. 
Effect of Patent Laws 

This is the easy one. Everything produced, invented belonged to state. There was a state department called Committee for Innovations and Scientific Discoveries. Its functions were registration of innovations, rationalizations, scientific discoveries and issuance of protection documents for industrial samples, trade marks and innovations. But all this was necessary as I understand on levels among various state organizations and enterprises. Later on in 1991 this department was renamed to GosPatent and allowed registration of patents by private parties and individuals. 
Attitude Towards Sharing Technology with Other Countries

There was significant exchange of information and technologies among countries of Eastern European bloc, Cuba and China. The Council of Mutual Economical Assistance was established in 1956 (COMECON or MEA, it was active till 1991). It was a international organization for the coordination of economic policy among certain nations under the Communist domination, including Albania, Bulgaria, Cuba, Czechoslovakia, East Germany, Hungary, Mongolia, Poland, Romania, and the Soviet Union. Under this agreement there was a significant exchange of information and technology among these countries, but mainly from USSR to the rest. There was a significant aid provided by USSR to China in building the China’s first computer (it was the copy of URAL-1). In 1957 Hungarian Academy of science was presented with complete documentation of the M-3. The first Hungarian electron valve M-3 computer was built in 1958. In 1970 the USSR and other member-countries of the Council started the joint creation of the computer family officially called The United Series, better known as ES in USSR or the ESER in GDR (East Germany). For this series IBM-360 and later IBM-370 were taken as prototypes. 

There was almost no exchange/interaction of ideas between USSR and Western countries until the end of 1960s. There was a little exchange on current state of computing between Soviets and West though. In 1955 Lebedev was invited to International Conference on Electronic Computers in Darmstadt, where he made a report on BESM-1. This was a first information on Soviet computing published abroad and it was more interesting that it appeared the most powerful and quickest computer in Europe of that time. There were also several exchange delegations between USA and USSR. Main goals of these delegations were to learn about computing abilities of each other. These delegations happened in 1958 and 1959. It was interesting to see the American reports confirming that in mass production and industry wise Soviets were behind USA but as for scientific computing USA was lagging behind.
Effect of the Cold War

It strongly stimulated progress of computing powers for research, military and space technology needs. Necessity to maintain the military balance with the West dictated demands for more modern and complex equipment, this stimulated research centers. All this resulted in demands for more computing power as well as various “special” computers and their reliability. The Cold War didn’t stimulate so much computing development for civil purposes though. Actually it even hampered it. Much of accent was on military applications of computing then on civil ones. Due to that much better financing and resource provisioning were available to research and military facilities then to civil enterprises. Usually best technical and engineering people ended up in such research and military facilities. Research in these centers was usually not available outside or was inapplicable to common civil problems. So the programmers in many civil organizations who bought computers had to write all needed programs themselves. No programming standards existed. There was unacceptably big rupture between the sophisticated scientific programming and the just beginning “common one”. 

As one can see Russia had a quite a rich experience in developing its own original computing devices. So how come that Russia had lost its might as an innovator in the computing field? Up until 1960s Russia had a potential to assert computing and programming standards if not in whole Europe but at least in Eastern-European block and China. It had designed and produced a variety of machines, created compilers/translators and programming languages. It had a great political influence among these countries also. There were many brightest minds working in research institutes across the country. Until late 1950s Russian’s BESM-2, BESM-6, M-20 were fastest and most powerful computers in Europe. There were also series of compatible computers produced, for example very popular URAL family, and this was very important for a success/popularity of particular computer design as one knows now. There were many “special” military and space exploration systems built on Russian original computer designs and these system were supreme or hadn’t have an analogues in the West. For example anti-rocket system built on top of M-40 was designed to destroy ballistic nuclear war-heads rockets with conventional missile. Its first full-scale experiment was a complete success. The test rocket was destroyed with the first shot. At that time, nobody in the West had even suggested anything similar. The fast advance of the anti-rocket systems brought the USSR to such an obvious superiority that American administration had to suggest some initiatives on limitation of nuclear rocket systems in 1972. 

There were several factors and mistakes that led the Russia to the position it is in now. 

The most important factor from my point of view was underestimation by economical experts in USSR the importance and the perspectives of the computer industry. Notwithstanding numerous advanced projects and unique models, mass production of the universal machines had been experiencing increasing difficulties. The USSR’s economic system was based on centralized planning and control; however contrary to what could be logically expected no common concrete policy existed in this field. Instead, the government’s role was limited to general declarations. The demands for computing power by military, space flight and power producing industry were satisfied in first priority. But the computer industry, just making its first steps, was generally under funded. Many computer components had to be made by the piece by research people themselves. As a result the successful advances of the 1950s were not supported by the industrial development of the 1960s, and the third generation of Soviet universal (civil) computers started about seven years later then in the USA. 

The biggest mistake. In mid 1960s there was a huge gap between the sophisticated scientific programming and the civil “common one”. The quantity of software available for all universal (civil) Soviet machines was insufficient and could not satisfy the demands of the developing economy. Moreover numerous Soviet computers of various models were incompatible on both the hard- and software levels. The computer industry was not able to back the necessary pace of computing development: the first Soviet computer made on integrated circuits, NAIRI-3 had only 10 000 ops. It became obvious that urgent efficient measures were needed to satisfy civil computing demands. Two basic options considered: either the intensification of the original Soviet computing development OR the adoption of foreign programming standards (IBM-360). The supporters of the second option insisted on establishing a new series of computers, various models of which should be hardware compatible between themselves and IBM machines on programming level. This would quickly satisfy the East European needs for an appropriate amount of commercial software and provide the opportunity for their timely updating. Their opponents objected that this re-orientation would lead to the subsequent closing of existing civil projects, notwithstanding how promising or advanced they were, for simple reason of the disappearance of demand from the IBM re-oriented customers and therefore lack of financial support. Besides, it would also fix USSR computing in a “several years behind” position dictated by the necessity of constant copying of the existing and new IBM machines. There was a series of conflicts on the highest level of government on this issue. The final government decision was made in the favor of the second variant. In 1970 COMECON countries decided on joint development of the ES series, which was a copy of IBM-360. This led to extinction of Soviet original computing projects. 
Computing in China
Historical Overview
The year 1949 is marked as the beginning of modern China.  This was when the civil War between the Kuomintang led by Chiang Kai-shek and the Communists led by Mao Zedong ended, with the withdrawal of the Kuomintang government to Taiwan.  At this point in time, the country was quite backwards, with rampant starvation, poor health, and high levels of illiteracy throughout the country.  This was the starting point from which the Chinese began their technological development.  The development of their computing industry and capabilities over the next thirty years was marked by several distinct factors.  The first was influences from abroad, with Soviet technology driving China’s computing development up until 1960, and western technology driving development after the Cultural Revolution.  The Cultural Revolution, which lasted from 1966-1976, itself had a profound effect on the development of computing in China.  It was highly disrupting to the key institutions and facilities that were working on computing in China.  These influences shaped the development of computing technology in China.
Influence abroad began in the 1950s, when the Chinese adopted the Russian system of decentralized higher education.  This involved moving applied research areas to district colleges and research institutions.  The first centralized effort to push scientific progress occurred in 1956, in the form of a 12-year plan for modernizing science in China.  The plan was drawn up by over 1000 scientists, and included electronics and computer technology among the fields that needed to be advanced.  Soviet influence played a large role in this plan.  Two top Soviet scientists in computing were sent to China to help with this plan.  In addition, a Chinese delegation visited the Soviet Union in October of 1956 to observer the Soviet research techniques and computer classes.  This delegation also made arrangements to send Chinese researchers to the Soviet Union for further training.

As a result of cooperation with the Soviet Union, China was able to develop a computer capability in 1958.  The computer, manufactured by the Shanghai Electromagnetic Measuring Instrument Factory, was dubbed the “August 1st” (having been unveiled on that day of the year), and it was believed to be based on a Soviet URAL-I computer.  The plan for the development and production of this computer was created by Institute of Computing Technology in Beijing, which was established around the same time as the 12-year plan was developed.  The Institute of Computing Technology illustrated the centralized nature of progress in China.  Whenever a new field of research opened up, the Chinese Academy of Science would set up a new institute for that field.
Cooperation with the Soviet Union lasted until 1960.  In 1960, the Soviet Union withdrew all economic advisers from China, including scientific and technical personnel.  This withdrawal was a result of a wider ideological rift between the two countries, and was also accompanied by Nikita Khrushchev’s refusal to provide China with a sample nuclear weapon, as they had previously agreed to do.  This development slowed down development of computer technology in China, since they had been reliant on Soviet equipment and expertise up to this point.  The Soviet withdrawal also helped to reinforce the Chinese attitude of self-reliance.  China already desired to create its own computing capability, but the attitude of self-reliance was one that would become pervasive in Chinese society because of the ideology and direction of the Communist party.
After the Soviet withdrawal, there was a stall in the progress of computing in China.  There were very few reports from the Institute of Computing Technology after 1959.  The second generation of Chinese computers did not show up until 1964, with the unveiling of the first transistorized machines by the Institute of Computing Technology.

The Cultural Revolution began in 1966 and lasted for a decade until the arrest of the Gang of Four, a group of four Communist Party leaders, in 1976.  The Cultural Revolution was Mao’s attempt to create a pure Communist state, by elevating the status of the working class and peasants.  In practice, this movement involved a great deal of change and strife.  Secondary schools were closed for a full four years during the Cultural Revolution, and the education at higher learning institutions was diluted.  Course content was modified to include political teachings and the grades and coursework requirements were relaxed.  Also, many professors and other intellectuals were removed from their positions and forced to work at factories or in the fields as part of a “reeducation” program.
When the Cultural Evolution ended in 1976, intellectuals were finally allowed back to the cities and universities.  Professors and others previously in power at universities were gradually restored to their positions, and university academic standards were brought back in line with the rest of the world.  
In the 1970s, the Chinese turned toward the West, particularly the United States, as they tried to advance their own capabilities.  They began selectively buying computers from various US companies.  In the late 1970s, they also invited foreigners to teach and lecture in China, and attempted to establish ties with U.S businesses.  In 1978, China came up with a new national plan for science, which set a goal to “reach or approach the advanced world levels of the 1970s in a number of important branches of science and technology.” By 1979, Chinese students were being sent overseas to study at U.S. universities.  In 1980, at the Chengdu Institute of Radio Engineering, lecturers were being prepared for graduate studies.  In 1979, the United States also established normal diplomatic relations with China, which helped contribute to the exchange of technical information and increase business transactions with China.
Effects of Cultural Revolution on Computing Technology
During the Cultural Revolution, limited development on computer systems continued, but progress was greatly slowed.  One trend that was magnified in this period was that the teaching, research, and production of computer systems were all brought under one roof.  Many universities became factories, rather than having production done in dedicated factories.  Combining this with the attitude of self-reliance resulted in a “lack of standardization and product interchangeability and in duplicative, uncoordinated efforts.”  

The activities of the Gang of Four during the Cultural Revolution caused disruption to technology development.  In the development of the DJS-100 series of machines, which involved production of several machines at different universities and institutes, the machines produced by the various parties had hardware and architectural differences, and software compatibility between the machines was not achieved.  The failure of this effort was blamed on actions of the Gang of Four that prevented coordination.  The development of the DJS-200 series computers, which were based on the IBM 360/370 and the CDC 6600/6700, was started before the Gang of Four era.  Their actions were blamed for delaying the development of this system.
Self-reliance and development of technology

The Chinese were wary of dominance relationships with foreign nations due to their experiences with foreign nations throughout the previous century, and the Soviet withdrawal of assistance in 1960 served as the latest reminder to the Chinese.  Observation of US computer companies could provide some insight into China’s wariness.  Software and hardware from US companies was constantly being changed and upgraded.  Once a company bought a product, they were locked into the software and hardware upgrades that the manufacturer produces.  In addition, in dealings with other Third World countries, multinational companies provided support for their products in such a way as to lock governments into their products.  Companies tended to gear training towards their own equipment and keep the training at a basic level.  That way, the company would have to be called out to install and perform upgrades for these machines.  Since China was interested in developing its own industry, they wanted to avoid reliance on a single manufacture and getting into a relationship where their domestic industry did not benefit.
This attitude was reflected in the way that the Chinese acquired computers from the US.  They did not typically buy more than one machine from any manufacturer, and they were very thorough in their research to make sure that a computer suited their needs.  The Chinese also tended to purchase products, and then improve the products or integrate their own ideas into these products.  In interviews during a visit by the 1980 IEEE Computer Society China Study group, some of the Chinese stated that restrictions on their communication with outsides forced them to design their own machines and learn the basics of computers well.  So once they were able to bring in computers from the outside, they believed that they would be able to exploit their previously developed knowledge and catch up with the rest of the world in computing.
This self-reliance attitude also had an adverse effect on the production of computers.  The Chinese carried self-reliance to the regional level, and so universities would work with local factories in producing computers (or they would produce the computers themselves).  This also reinforced the ideology of keeping intellectuals equal with the working class since they were forced to do the same type of work in production.  Unfortunately, this attitude often led to duplication of production, so that there would be multiple groups around the country producing a component such as a keyboard.

Programming issues

In reports of visits to China in the late 1970s, a common theme was that there were very few computers actually in use at the time.  Many students would take a series of programming classes without ever writing a program.  The lack of a user community in computers delayed the development of programming languages, operating systems, and computer architecture.
China also had an issue with transferring computing technology from the research lab to production.  They possessed an excellent understanding of technology, but a couple of factors prevented this knowledge from being applied.  The first was poor production methodologies, which was viewed as one of the most poorly understood and appreciated areas in China’s computer programs.  There was also a lack of incentive to market products.  Market forces have a strong effect in turning ideas into products, and they attune producers to the needs of the user community.  Due to the small number of computers in existence in the country, there was not much of a user community either. 
For example, in a visit with Northern China Research Institute of Computer Technology at Beijing, researchers found that there was no incentive for the Institute to market their products.  While the machines have many potential business applications, those issues were handled by a different division of the government, so the researchers did not worry about finding uses for their developments.  China also had trouble coming up with reliable large disk systems, which discouraged development in operating systems, and the use of higher level languages.  One cause of this was that because researchers were not driven by user communities, they tended to focus on areas that interested them.  With a user community and market as driving forces, research would focus more on areas that satisfied specific needs, but the case in China seems to be that research was not always focused in the most crucial areas.  One visit also noted that China had a large number of models of high performance machines.  Rather than programming the same type of machine for different tasks, they would build a different computer for different tasks.  The lack of technical communication among those developing computing technology, along with the policy of regional self-reliance resulted in duplication of efforts and the inability to capitalize on economies of scale.
There were also a couple of issues related to the native language.  One was that around 1980, China did not have Chinese-language textbooks at the universities.  They were overcoming this hindrance to technical education by having textbooks developed at various Chinese universities.  Also, language was proving a barrier in the writing of programs.  The Pinyin system was a Romanized written Chinese system developed two decades earlier, but people were generally not very adept at using the system.  When inserting comments, programmers had to choose among using a foreign language, using pinyin, or inserting comments by hand, none of which were particularly desirable choices.  Programmers generally ended up learning enough English to program in English-based languages.  At the South China Institute of Technology, all students were required to learn Fortran, while at Qinghua University, every student was required to learn two programming languages for the PDP-11 system that was installed at the University.  However, every student had 5 hours of time on the terminal for a class with 60 lecture hours, illustrating the lack of interaction with actual computers.  While language was not the greatest barrier the Chinese faced in developing computing technology, it was another bump in the road.
Foreign trade hurdles

China faced some barriers when they tried to purchase computers from abroad, during the period of high tensions due to the Cold War.  The Chinese tried to obtain an IBM STRETCH computer from the United States through France around 1965, but the US had been refusing to issue export licenses for sales of computers to France.  Also, up until 1980, US high technology exports were restricted under the U.S. Export Administration Act and through COCOM.  Once relations were normalized with China, commercial activity began to pick up.

Conclusions

Motivation for Developing Computing Technology
China had a strong desire to bring their science and technology capabilities in line with the rest of the world.  They established two national science plans in the late 1950s and late 1970s to achieve this goal, though even in the late 70s, their technology was still considered to be 15 years behind that of the US.  There were rumors that China also wanted computers for military applications.  Their attempt to obtain an IBM STRETCH machine was supposedly for their nuclear weapons program.
Barriers due to English-based Programming Languages
As mentioned previously, there were some language barriers in China because of the inability to insert comments into programs using the pinyin or traditional character system.  Generally, programmers became proficient enough in English to use the existing programming languages.  
The barriers presented by language were not very significant when compared with other issues.  Outside of the broad political issues in the country, one study said that in the late 1970s, there were only 2000 computers in the country.  And several studies noted that most students did not spend very much time actually programming a computer in their coursework.  Since most users did not spend much time programming due to the limited resources, this also limited work in developing systems that could take input in Mandarin, as there was not much demand for it.  By the late 1970s, there was a recognized need for research into this area.

Effect of Patent Laws 

Similar to the situation in the USSR, there was no patent law as everything was directed by the state.  A patent system would be quite contrary to the ideologies pushed by Mao and the Communist Party.  They generally pushed ideologies and policies that tried to keep intellectuals in tune with the peasants and working classes.  Throughout the country, there were various instances where researchers worked in factories to help produce their products, and where researchers taught advance scientific or mathematical concepts to the general population.
One issue this caused by the lack of a patent system was that there was no incentive to develop and market new products.  Researchers worked mostly for prestige, and without user communities or market forces, they worked on topics that interested them, rather than gravitating towards areas where there was a significant need and opportunities for profit.  This is not as much the fault of the researchers as much as it is the fault of the centrally planned governning system that they worked under.

Attitude Towards Sharing Technology with Other Countries
During the period from the 1950s to the 1980s, China was mostly on the receiving end of sharing technology, given that it was attempting to catch up with the rest of the world in computing.  China borrowed heavily from other countries, beginning with the Soviets, and later on, the United States.  Even when they developed original machine designs, they tended to be based on other machines that they had carefully studied.
China’s attitude towards purchasing machines was interesting though.  They carefully avoided becoming locked in step with any particular manufacturer or having their domestic market dominated by a single, as happened in some other developing countries, such as India.  They generally purchased very few machines from a single manufacturer, and spread their purchases across manufacturers.  This maybe have helped them to develop a better base of researchers and developers, as they did not have to rely on an outside company to perform maintenance on their computers.
Effect of the Cold War
The Cold War affected China’s computing development in several ways.  One of the factors that led to the Soviet withdrawal was Khrushchev’s refusal to provide China with a nuclear weapon.  This came out of the Soviet Union’s negotiations with the United States, regarding nuclear proliferation.  The Soviet withdrawal stunted Chinese technological development in computing early on.  During the 1960s, China had a highly noted split with the Soviet Union on a number of fronts, and this is what led them to turn to the United States and Europe when they began purchasing computers from abroad in the 1970s.
Additionally, COCOM prevented the coalition of 17 Western nations from exporting to China.  This prevented China from importing computers until the late 1970s, when relations with the United States were restored.
Computing in Mexico
Development of Computing Technology, 1950-1980s

The Mexican computer industry produces and exports several hard disk drives, components, software, PCs, cables, and/or harnesses.  However, Mexico still remains dependent on the importing of parts such as other components, software, and/or advanced equipment from the United States. IBM and HP have served as the leading companies for Mexico’s computer advancement and have opened PC plants in Guadalajara, Mexico. Other communication and electronic companies also have begun to emerge alongside the computer industry in Guadalajara renaming it, “Mexico’s Silicon Valley.” 

The introduction of IBM typewriters began in Mexico City in 1957. In 1958 the IBM 650 is presented as the first computer to the Universidad Nacional Automoma de Mexico (UNAM), which is a university in Mexico. In 1975 IBM de Mexico is formed in Guadalajara, Mexico as a subsidiary of the North American main company. As a result, IBM begins to control the demand for mainframe computers in Mexico by importing them from the United States. Mainly between the 1960-1980s computer products developed in the U.S. are dominating the software and hardware markets in Mexico. 

In 1981 Mexico creates an agenda to produce a national industry for IBM mini and/or microcomputers. Mexico plans on using their local parts and components to hopefully create a policy for future technological freedom. Unfortunately for Mexico, IBM wants to maintain 100% ownership and profits for their Mexican facilities. Despite their ongoing dispute for rightful ownership IBM continues to produce the minicomputer S/34, S/36, and AS/400 in 1982. Eventually, in 1985 IBM came to a compromise with Mexico to produce PCs in order to sell them in Mexico’s local market. That same year IBM would get the okay to construct a new plant in Guadalajara, Mexico. In 1986 IBM began building disk drive components and by 1988 IBMs total exports from Mexico were well over $300 million.        
Hewlett-Packard begins operations in Mexico in 1966 but during the 1970-1980s, HP goes through various innovation phases with Mexico. Like with IBM, Mexico is trying to establish itself as a marketable economy and is asking for joint ownership of HP facilities. Ultimately in 1982, HP and Mexico agree on some terms for a business enterprise, which resulted in the building of HPs first manufacturing plant in Guadalajara, Mexico. From 1982-1985, HP begins to manufacture products such as the HP 3000, disks, and line impact printers. However, in 1985 after IBM negotiated for 100% ownership over its facilities, HP did the same. In 1987, HP begins to export from Mexico to North and Latin America. In 1988, Mexican facilities were given engineering jobs to produce HP minicomputers, and in 1989 they gained worldwide duty to build HP line impact printers. 

Barriers due to English-based Programming Languages

Programming languages in Mexico are difficult to obtain in Spanish and most companies have only one or two products with very few employees. Computadoras Comerciales is one software firm that attempts to translate computer programming into Spanish but mainly three other companies dominate Mexico’s software market. The largest is Computación en Acción (COMPAC), which produces administrative and financial software products. Another company is KidsPC, that makes educational software for primary grades. CompuCampo, develops agricultural software to control animal production, irrigation, pest control, and fertilization. Therefore, these companies are becoming significant service suppliers for IBM and HP. In 1998, Mexico’s software industry was estimated at $186 million.

Effect of Patent Laws

In 1973, the Law on Technology Transfer and the Foreign Investment were created. The Law on Technology Transfer requires for all technology transfer contracts to be registered within the Registry of Technology Transfer. The Registry is able to accept or decline all contracts not considered, “national interest”, such as when an equivalent technology was available in Mexico. The Foreign Investment Law put restrictions on foreign ownership in strategic computer industries. As a result, acquiring assembly permits for computer development can take up to one year in Mexico, which has led to disputes within the Mexican government, IBM, and HP during the 1980s. 

However, in 1981 SEPAFIN is created and its main goals were to generate local production of mini and/or microcomputers. It also wanted to create a national industry of parts and components for computer production, and to ultimately help Mexico achieve technological freedom. In 1982 the Law on Technology Transfer no longer regulated technological transfers and instead emphasized on local technology development. In 1983 the Secretariat of Commerce and Industrial Development (SECOFI) was developed and its key concept was towards the advancement of industrial technology. 

Eventually after imposing many limitation policies in the 1980s, Mexico opens up its computer sector to foreign competition. Some of the policies main objectives were to regulate foreign investment, which permitted full foreign ownership in the production of minicomputers and core processors. This provided 75% of the output to be exported and limited foreign ownership to 49% in the production of PCs and peripherals. Also, Mexico created a fiscal and credit incentives policy for new companies in the computer industry, which consisted of fiscal credits and soft loans from government development funds. 

Attitude Towards Sharing Technology with Other Countries

Since the 1980s, Guadalajara, Mexico has been considered, “Mexico’s Silicon Valley.” According to the Secretaria de Economia of Mexico, there are 700 companies manufacturing in Guadalajara. IBM and HP are the two main businesses with strong partnerships in Guadalajara's computer industry since 1985. Other companies such as Lucent, NEC, and Siemens have been established in Guadalajara as well. Mexico also includes its own contract manufacturers and suppliers such as SCI, Solectron, Dovatron, Molex, Electronica Pantera, and NatSteel in Guadalajara. The Mexican government is investing greatly in R&D and design engineering in hopes to establish itself as a leader in electronic manufacturing. Mexico offers a 30% tax credit promotion for companies that spend on engineering and technology in Guadalajara. Mexico’s Center for Semiconductor Technology is famous for IC technology. Middleware is strong in Guadalajara because of the legacy systems that are already installed there making it easier to distribute. 

Effect of the Cold War

During the Cold War, Computer development in Mexico was not considered a high priority. Mexico became a safe haven for refugees from Central and South America. In some cities social economic and cultural problems existed very heavily. Since the end of the Cold War, Guadalajara has emerged as the leader for computer innovation. As a result, Mexico works to lead Central and South America in trade and development. At the same time, Mexico is also trying to earn a strong reputation worldwide for its engineering talents and ever developing, “Silicon Valley.”

Computing in Central and South America
Development of Computing Technology, 1950-1980s

The Central and South American countries are not developing any form of technology during the 1950-1980s. Some countries are rising to oppose U.S. policies and small communist parties are fading away. The largest communist party was that of Chile but it was outlawed after 1946. Like many countries in Latin America, Chile went through an economic depression in 1967-1970. However, Chile is able to recover much quicker due to a free market economy that ultimately leads to an increase of domestic and foreign businesses. 
Looking at the history of computing technology in Chile, in 1962 the first computer is presented to the University of Chile. In 1964 ECOM is the first data processing company to be formed. Three years later Banco del Estado is considered the first data processing network. In 1969 at the University of Chile the first computer science program is created. Later would follow the first computer science department and Master Science program at the University of Chile in 1974. In 1984 the first Unix system is introduced at the Universities of Chile and Santiago. Lastly in 1989, the first Unix workstations laboratory is created at the University of Chile as well. 

Barriers due to English-based Programming Languages

Programming languages in Central and South America are also difficult to obtain in Spanish. Most Central and South American countries are still developing and do not have many advanced products. In the 1980s, the introduction of computers to local businesses in Chile generated a small demand for software products. Excelsys Engineering is a Chilean company that creates Logmeter. Logmeter is a program language that helps in the timber industry by automatically estimating the volume of wood and expected output time using a PC with a video camera. This program has cut down on estimation time, cost, and accuracy has increased compared with traditional method.  Logmeter would have been difficult to develop in a nation without a significant timber business like Chile. Excelsys Engineering has also developed and exported software products that are used for automatic teller machines, volume measuring systems, and managing queuing systems for Citibank.

Effect of Patent Laws

In 1960, the Central American Common Market (CACM) agreement is formed between Guatemala, Honduras, Nicaragua, and El Salvador. The treaty created an international department for Central American economic integration, which would eventually include Panama and Costa Rica in 1963. Unfortunately, in 1969 there was a war between El Salvador and Honduras that would cause these two countries to withdraw from Central American markets. During the 1970-1980s, CACM begins to decline and ultimately the Central American Free Trade Agreement in 2004 is enacted. 

I was not able to find much on the patents or policies that effectively restrict the computing industry. I did learn that the software industry faces double taxation on exports as a result piracy and smuggling is very high. Brazil has a very extreme restrictive Market Reserve policy that essentially forbids the import of microcomputers and other related equipment during the 1980s. Consequently, computers begin to get smuggled in Central America through Paraguay, which is near the borders of Brazil and Argentina. Eventually, computers and software programs are easily duplicated then distributed throughout Central and South America.

Attitude Towards Sharing Technology with Other Countries

Chile has been considered as, “the jaguar of the Pacific Rim” due to its development and export for software products throughout Latin America during the 1980s. The Chilean software industry has several software companies such as AISOFT, Ars Innovandi, Sistemas Integrales, and Sonda. AISOFT develops administrative software for Venezuela, Peru, Brazil, Uruguay, Costa Rica, and Argentina. Ars Innovandi is another software company that produces a text retrieval and document-based application package for Windows. Sistemas Integrales is an additional software and consulting company that exports its Ariel-plus statistical package, to customers in 35 countries. Lastly, Sonda is created with offices in eight Latin American countries. It is the largest national software company that provides businesses with servicing and consulting. In addition, they distribute DEC products throughout Central and South America. Other companies such as Binaria or DTS begin to provide foreign programming. Consequently, foreign companies start to develop and fully support their software through local offices in Chile. 

Effect of the Cold War

During the cold war, computer development in Central and South America was not considered a high priority. Many countries have experienced social and economic inequalities. Since the end of the Cold War, Chile has emerged among the leaders towards a growing development market. Eventually, other countries, such as Argentina, Peru, and Brazil are slowly beginning to follow Chile’s successful emergence of the 1980s. As a result, Central and South American countries are able to seek improvement for themselves with Chile’s advancement in the computer technological industry.
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