Chapter 4

The Third Generation: From Integrated Circuits to Microprocessors
Integrated Circuits:


Transistors had transformed the construction of computers, but as ever more transistors and other electronic components were crammed into smaller spaces, the problem of connecting them together with wires required a magnifying glass and steady hands.  The limits of making electronics by hand became apparent.  Making the electronic circuitry larger by spacing the components farther apart only slowed down the machine because electrons took more time to flow through the longer wires. 


Jack S. Kilby (1923_) grew up in Great Bend, Kansas, where he learned about electricity and ham radios from his father, who ran a small electric company.  Kilby desperately wanted to go to the Massachusetts Institute of Technology, but failed to qualify when he scored 497 instead of the required 500 on an entrance exam.  He turned to the University of Illinois, where he worked on a bachelor's degree in electrical engineering.  Two years repairing radios in the army during World War II interrupted his education before he graduated in 1947.  He moved to Milwaukee, Wisconsin, where he went to work for Centralab.  A master's degree in electrical engineering followed in 1950.  Centralab adopted transistors early, and Kilby became an expert on the technology, though he felt that germanium was the wrong choice for materials.  He preferred silicon, which could withstand higher temperatures, though it was more difficult to work with than germanium.  After Centralab refused to move to silicon, Kilby moved to Dallas to work for Texas Instruments (TI) in 1958.


Texas Instruments had been founded in the 1930s as an oil exploration company and later turned to electronics.  TI produced the first commercial silicon transistor in 1954 and the first commercial transistor radio that same year.  In his first summer at the company, Kilby had no vacation accrued when everyone else went on vacation so he had a couple of weeks of solitude at work.  TI wanted him to work on a U.S. Army project to build Micro_Modules, an effort to make larger standardized electronics modules.  Kilby thought the idea ill_conceived and realized that he had only a short time to come up with a better idea.


Transistors were built of semiconductor material and Kilby realized that other electronic components used to create a complete electric circuit, such as resisters, capacitors, and diodes, could also be built of semiconductors.  What if he could put all the components on the same piece of semiconductor material?  On July 24, 1958, Kilby sketched out his ideas in his engineering notebook.  The idea of putting everything on a single chip of semiconductor later became known as the monolithic idea or the integrated circuit.


By September, Kilby had built a working integrated circuit.  In order to speed up the development process, Kilby worked with germanium, though he later switched to silicon.  His first effort looked crude, with protruding gold wiring that Kilby used to connect each component by hand, but the company recognized an important invention.  Kilby and TI filed for a patent in February 1959.


In California, at Fairchild Semiconductor, Robert Noyce (1927_1990) had independently come up with the same monolithic idea.  Noyce graduated with a doctorate in physics from the Massachusetts Institute of Technology in 1953, then turned to pursuing his intense interest in transistors.  Noyce worked at Shockley Transistor for only a year, enduring the paranoid atmosphere as the company's founder, William B. Shockley  (who had been part of the team that invented the transistor in 1947), searched among his employees for illusionary conspiracies.  Noyce and seven other engineers and scientists at the company talked to the venture capitalist who provided the funding for the company, but could obtain no action against Shockley, a recent Nobel laureate.  Shockley called the men the "traitorous eight."  Noyce and his fellow rebels found financing from Fairchild Camera and Instrument to create Fairchild Semiconductor.  Silicon Valley was growing.  


Fairchild Semiconductor began to manufacture transistors and created a chemical planar process that involved applying a layer of silicon oxide on top of electronic components to protect them from dust and other contaminants.  This invention led Noyce to develop his own idea in January 1959 of the integrated circuit, using the planar process to create tiny lines of metal between electronic components in a semiconductor substrate to act as connections.  After Texas Instruments and Kilby filed for their patent, Noyce and Fairchild Semiconductor filed for their own patent in July 1959, five months later.  The latter patent application included applying the chemical planar process in it.


Kilby and Noyce always remained friendly about their joint invention, while their respective companies engaged in a court fight over patent rights.  Eventually the two companies and two engineers agreed to share the rights and royalties, although the U.S. Court of Customs and Patent Appeals ruled in favor of Fairchild in 1969.  The two companies agreed, as did the two men, that they were co_inventors.  Kilby later received half of the 2000 Nobel Prize in Physics for his invention, a recognition of the importance of his invention.  Noyce had already died, and Nobel prizes are not awarded posthumously.  The other half of the Nobel Prize was shared by the Russian physicist Zhores I. Alferov (1930_) and German_born American physicist Herbert Kroemer (1928_) for their own contributions to semiconductor theory.


The commercial electronics industry did not initially appreciate the value of integrated circuits (also called microchips), believing them too difficult to manufacture and unreliable.  Both the National Aeronautics and Space Administration (NASA) and the American defense industry recognized the value of microchips and became significant early adopters of microchips, proving the technology was ready for commercial use.  The U.S. Air Force used 2,500 TI microchips in 1962 in the on_board guidance computer for each nuclear_tipped Minuteman intercontinental ballistic missile.  NASA used microchips from Fairchild in their Project Gemini in the early 1960s, a successful effort to launch two_man capsules into orbit and to rendevous between manned capsule and an empty booster in orbit.  NASA's 25 billion dollar Apollo Project to land a man on the moon became the first big customer of integrated circuits and proved a key driver in accelerating the growth of the semiconductor industry.  At one point in the early 1960s, the Apollo Project consumed over half of all integrated circuits being manufactured.


NASA and the military requirements also led to advances in created fault_tolerant electronics.  If a business computer failed, a technician could repair the problem and the nightly accounting program could continue to run; if the computer on the Saturn V rocket failed, then the astronauts aboard might die.  Electronics were also hardened to survive the shaking from launch and exposure to the harsh vacuum and temperatures of space.  Similar efforts also led to the development of the idea of software engineering, which is applying sound engineering principles of verification to programs to ensure that they are reliable in all circumstances.


Commercial industries began to appreciate the value of integrated circuits when Kilby and two colleagues created the first electronic calculator using microchips in 1967.  The calculator printed out its result on a small thermal printer that Kilby also invented.  This was the first electronic calculator small enough to be held in a hand and sparked what became a billion_dollar market for cheap, hand_hand calculators, quickly banishing slide rules to museums.  Integrated circuits became the main technology of the computer industry after a decade of development, creating a third generation of computer technology (following the generations based on vacuum tubes and transistors).


In 1964, Gordon E. Moore (1929_) noticed that the density of transistors and other components on integrated chips doubled every year.  He charted this trend and predicted that it would continue until about 1980, when the density of integrated circuits would decline to doubling every two years.  Variations of this idea became known as Moore's Law.  Since the early 1970s, chip density on integrated circuits, both microprocessors and memory chips, has doubled about every eighteen months.  From about fifty electronic components per chip in 1965, five million electronic components were placed on an individual chip by 2000.  An individual transistor on a chip is now about 90 nanometers (90 billionths of a meter) in size.  At times, different commentators have predicted that this trend would hit a obstacle that engineers could not overcome and slow down, but that has not yet happened.  The electronic components on integrated circuits are being packed so close that within a decade engineers fear that quantum effects will began to substantially affect that ability of Moore’s Law to remain true.


Moore also pointed out another way to understand the growth of the semiconductor material.  From the beginning, every acre of silicon wafer has sold for about a billion dollars; the number of transistors and other electronic components on the ship have just become more dense to keep the value of that acre roughly constant.  The following table shows the growth of integrated ships by date, the technology used, and how dense each integrated circuit could be.


1960 
Small_scale integration (SSI)

Less than 100 transistors


1966
Medium_scale integration (MSI)

100 to 1,000 transistors


1969 
Large_scale integration (LSI)

1,000_10,000 transistors


1975 
Very Large_scale integration (VLSI)
10,000_100,000 transistors


1980s Ultra Large_scale integration (ULSI)
More then 100,000 transistors


1990s Still called ULSI



More than one million transistors


While the manufacture of integrated circuits is considered to be part of the electronics industry, the industrial techniques used are more like the chemical industry.  A mask is used to etch patterns into wafers of silicon, creating a large number of integrated circuits in each batch.  The key to economic success is getting high yields of mistake_free batches.

Minicomputers:


Ken Olsen (1926_) founded Digital Equipment Corporation (DEC) in 1957, and began manufacturing electronics using the new transistor technology.  In 1965, DEC introduced the PDP_8 (Programmed Data Processor_8), the first mass_produced computer based on integrated circuits. The entire PDP_8 fit in normal packing crate and cost about $18,000.  By 1969, the PDP_8 was recognized as the first minicomputer.  Minicomputers were not as powerful as what had became known as mainframes, and were usually bought to be dedicated to a small number of tasks, rather than as a general purpose business data processing computer.  Other companies also entered the minicomputer market, including Data General, Prime Computer, Hewlett_Packard, Harris, and Honeywell.  By 1970, based on its minicomputers, DEC was the third largest computer manufacturer in the world, being IBM and Sperry Rand.  DEC eventually became the second largest computer company, with its PDP series and later, VAX series, of minicomputers.


After personal computer emerged in the 1970s, minicomputers occupied the middle ground between microcomputers and mainframes.  Minicomputers eventually ran sophisticated operating systems, and were heavily used in the engineering, scientific, academic, and research fields.  In the 1980s, minicomputers also found their way to the desktop as workstations, powerful single_user machines often used for graphics_intensive design and engineering applications.  In the 1990s, minicomputers and workstations disappeared as market segments when personal computers became powerful enough to completely supplant them.

Timesharing:

Early computers were all batch systems, which is where a program was loaded into a computer and run to completion, before another program was loaded and run.  This serial process allowed each program to have exclusive access to the computer, but frustrated programmers and users for two reasons.  First, the central processing unit (CPU) lay idle while programs were loaded, which wasted expensive computer time; second, batch processing made it difficult to do interactive computing.  In a 1959 memorandum, John McCarthy (1927_), already a founding pioneer in artificial intelligence, proposed to MIT that a "time_sharing operator program" be developed for their new IBM 709 computer that IBM planned to donate to the prestigious school.  Christopher Strachey (1916_1975) in the United Kingdom simultaneously and independently came up with the same idea.


By late 1961, a prototype of the Compatible Time_Sharing System (CTSS) was running at MIT.  Further iterations of CTSS were created and in the mid_1960s, the CTSS implemented the first hierarchical file system, familiar to users today as the idea of putting files into directory or folders to better organize the file system.  J. C. R. Licklider (1915_1990) of the Advanced Research Projects Agency, a branch of the Pentagon, was a keen advocate of interactive computing and funded continued work on timesharing.  Other American and British projects also researched the goal of getting multiple programs to run in the same computer, a process called multiprogramming.  Though only one program at a time can actually run on the CPU, other programs could be quickly switched in to run as long as the other programs were also resident in memory.  This led to the problem of how to keep multiple programs in memory and not accidently have one program overwrite or use to the memory that another program was already using.  The solution to this was a series of hardware and software innovations to create virtual walls of exclusion between the programs.


Operating system software became much more sophisticated to support multiprogramming and the principle of exclusion.  An ARPA_MIT project called Multics (Multiplexed Information and Computing Service), began in 1965, did not realize its ambitious goals in that was was only a modest commerical success, but became a proving ground for many important multiprogramming innovations.  Two programmers who worked on Multics, Dennis M. Ritchie (1941_) and Ken Thompson (1943_) at AT&T's Bell Laboratories, turned their experience into the UNICS operating system.  The name stood for UNiplexed Information and Computing Service, a pun on Multics, but later was shortened to UNIX.  Originally written in assembly language on a DEC PDP_7 minicomputer, Ritchie and Thompson wanted to port UNIX to a new minicomputer, the DEC PDP_11, and decided to rewrite the operating system in a higher_level language.  Ritchie had created the programming language C (a successor to a language called B) and the rewritten UNIX was the first operating system written in a higher_level third generation language.  As a government_sanctioned monopoly, AT&T was not allowed to sell any of its inventions outside of the telephone business, so AT&T offered UNIX to anyone who wanted to buy it for the cost of the distribution tapes and manuals, though AT&T retained the copyright.  Because it was a full_featured operating system with all the source code included, UNIX became popular at universities in the 1970s and 1980s. 

IBM System/360:

In the early 1960s, IBM had seven mutually incompatible computer lines, serving different segments of the market.  Plans were created for an 8000 series of computers, but a few visionaries within the company argued that creating yet another computer with its own new instruction set would only increase the confusion and escalate manufacturing and support costs.  IBM engineers did not even plan to make the different models within the 8000 series computers compatible with each other.  Such developments showed that IBM lacked a long_range vision.


An IBM electrical engineer turned manager, Robert O. Evans led the charge to create a New Product Line, which would cancel the 8000 series and completely replace all the computer systems that IBM manufactured with a uniform architecture of new machines.  Frederick Phillips Brooks, Jr., who earned a doctorate in Applied Mathematics from Harvard University in 1956, was the Systems Planning Manager for the 8000 series and fought against Evans' plans.  After the corporation decided to go with Evans, the canny engineer asked Brooks become a chief designer of the new system.  Gene M. Amdahl (1922_), another brilliant young engineer, joined Brooks in the designing the System/360.


Honeywell cemented the need for the System/360 computers when its Honeywell 200 computers, introduced in 1963, included a software utility allowing the new Honeywell computer to run programs written for the IBM 1401 computer.  The 1401 was a major source of IBM profits and the cheaper Honeywell 200 threatened to sweep the low_end market for data processing machines.


When Amdahl and Brooks decided that they could no longer work with each other, Evans solved the problem by keeping Amdahl as the main system designer and Brooks moved over to head the difficult job of creating a new operating system for the System/360.  Initially, the designers of the operating system chose to create four different operating systems, for different sizes of machines, to be labeled I, II, III, and IV.  This plan based on Roman numerals, which did not include compatibility between the different systems, was canceled in early 1964 because it conflicted with the goal of system compatibility.  The resulting OS/360 proved to be a difficult challenge, and even after the System/360 was announced in April 1964, the operating system was too full of bugs to be released.  Part of the reason that the operating system fell behind is that IBM did not charge for software and thus thought of itself primarily as a hardware vendor, not a software vendor.  But the OS/360 experience showed that software was becoming more important and IBM executives paid more attention to software efforts thereafter.  In the decade from 1960 to 1969, the fraction of total research and development efforts at IBM devoted to software rose from one_twentieth to one_third.


Brooks had wanted to retire and go to work at a university, but remained another year to help work the bugs out of OS/360.  His experiences with this project led him to write a book The Mythical Man_Month: Essays on Software Engineering in 1975, which became a classic treatise in the field.  A man_month is how much work a person can do in a month.  If a task is said to take 20 man_months, then one person must work twenty months, or ten people must work two months.  As the OS/360 project fell behind, IBM added more programmers to the project, which bloated the size of the teams, making communications between team members more complex, and actually increasing the difficulty of completing the project.  Brooks compared large programming projects to falling into a tar pit, and pointed out that programming should be a disciplined activity similar to engineering, with good process control, team work, and adherence to good design principles.  Brooks also warned against the second system effect, where programmers who disciplined themselves on their first project relaxed and got intellectually lazy on their second project.


In 1965, after spending half a billion dollars on research and another five billion dollars on development, IBM shipped the first System/360 machine to a customer.  Within a year, a deluge of orders forced IBM to dramatically expand their manufacturing facilities.  By the end of 1966, a thousand System/360 systems were being built and sold  every month.  The company found that its gamble paid off, and the company increased its work force by fifty percent in the next three years to keep up with demand, reaching almost a quarter of a million employees.  By the end of the decade, IBM dominated at least 70 percent of the worldwide computer market.


The System/360 achieved its goal of upward and downward compatibility, allowing programs written on one system to run on a larger or smaller system.  Now standardized peripheral devices, such as printers, disk drives, and terminals, would work on any of the System/360 machines.  By having more uniform equipment, IBM also reined in manufacturing costs.  IBM had earlier used the same strategy to dominate the market for punched_card machines, making a uniform family of machines that came in different models.


The IBM engineers played it safe with the technology in the System/360, choosing to use solid logic technology (SLT), instead of integrated circuits.  SLT used transistors in a ceramic substrate, a new technology that could be mass_produced more quickly.  Though IBM advertized the System/360 as a third_generation computer, the technology remained clearly second generation.  The System/360 standardized on eight bits to a word, making the 8_bit byte universal.  The System/360 also provided the features necessary to succeed as both a business data processing computer and a number_crunching scientific computer.  IBM priced their systems as base systems, then added peripherals and additional features as an extra cost.  IBM did such a good job of creating standardized computers that some computers were built with additional features already installed, such as a floating_point unit, and shipped to customers with those features turned off by electronic switches.  Some customers, especially graduate students at universities, turned on the additional features to take advantage of more than the university paid for.


In the interests of getting their project done faster, the OS/360 programmers chose not to include dynamic address translation, which allowed programs to be moved around in memory and formed an important foundation of time_sharing systems.  IBM fixed this problem and some of the other technical problems in the System/360 series with its System/370 series, introduced in 1970, including adding dynamic address translation, which became known as virtual memory.


The IBM System/360 became so dominant in the industry that other computer manufacturers, such as the RCA Spectra 70 series, created their own compatible machines, competing with IBM in their own market with better service and cheaper prices.  The British ICL 2900 series were System/360 compatible, as where the Riad computer series built behind the Iron Curtain for Soviet and Eastern European use.


After his instrumental role in designing the IBM 704, IBM 709, and the System/360, Gene M. Amdahl grew frustrated that IBM would not build even more powerful machines.  IBM based its customer prices proportional to computer processing power and more powerful computers proved too expensive if IBM retained that pricing model.  Amdahl retired from IBM in 1970 and founded his own company, Amdahl Corporation, to successfully build IBM_compatible processors that cost the same, but were more powerful and took up less space that comparable IBM machines.  Amdahl made clones of IBM mainframes a decade before clones of IBM personal computers completely changed the personal computer market.

Birth of the Software Industry:

By the mid_1960s, a small but thriving software services industry existed, performing contracts for customers.  One of these companies, Applied Data Research (ADR), founded in 1959 by seven programmers from Sperry Rand, was approached in 1964 by the computer manufacturer RCA to write a program to automatically create flowcharts of a program.  Flowcharts are visual representations of the flow of control logic in a program and are very useful to designing and understanding a program.  Many programmers drew flowcharts by hand when they first designed a program, but as the program changed over time, these flowcharts were rarely updated and became less useful as the changed program no longer resembled the original.  After writing a flowcharting program, ADR asked RCA to pay $25,000 for the program.  RCA declined on the offer, so ADR decided to call the program Autoflow and went to the hundred or so customers of the RCA 501 computer to directly sell the program to them.  This was a revolutionary step, and resulted in only two customers, who each paid $2,400.


ADR did not give up.  Realizing that the RCA market share was too small, the company rewrote Autoflow to run on IBM 1401 computers, the most prevalent computer at the time.  The most common programming language on the IBM 1401 was called Autocoder, and Autoflow was designed to analyze Autocoder programming code and create a flowchart.  This second version of Autoflow required that the programmer insert one_digit markers in their code indicating the type of instruction for each line of code.  This limitation was merely an inconvenience if the programmer was writing a new program, but it was a serious impediment if the programmer had to go through old code adding the markers.  Customers who sought to buy Autoflow wanted the product to produce flowcharts for old code, not new code, so ADR went back to create yet another version of Autoflow.


This third try found success.  Now IBM 1401 customers were interested, though sales were constrained by the culture that IBM had created.  Because IBM completely dominated the market and bundled their software and services as part of their hardware prices, independent software providers could not compete with free software from IBM, so they had to find market niches where IBM did not provide software.  In the past, if enough customers asked, IBM always wrote a new program to meet that need and gave it away with free.  Why should an IBM 1401 customer buy Autoflow when IBM would surely create the same kind of program for free?  In fact, IBM already had a flowcharting program called Flowcharter, but it required the programmer to create a separate set of codes to run with Flowcharter, and did not examine the actual programming code itself.


Autoflow was clearly a superior product, but executives at ADR recognized the difficulty of competing against free software, so they patented their Autoflow program to prevent IBM from copying it.  This led to the first patent issued on software in 1968, a landmark in the history of computer software.  A software patent is literally the patenting of an idea that can only be expressed as bits in a computer, not as a physical device, as patents had been in the past.


ADR executives also realized that the company had a second problem.  Computer programmers were used to sharing computer code with each other, freely exchanging magnetic tapes and stacks of punched cards.  This made sense when software was free and had no legal value, but ADR could not make a profit if their customers turned around and gave Workflow away to their friends.  Because there was no technical way to protect Autoflow from being copied, ADR turned to a legal agreement.  Customers signed a three_year lease agreement, acquiring Autoflow like a piece of equipment, which they could use for three years before the lease must be renewed.  With the success of the IBM System/360, ADR rewrote Autoflow again to run on the new computer platform.  By 1970, several thousand customers used Autoflow, making it the first packaged software product.  This success inspired other companies.


The next software product began as a file management system in a small software development company owned by Hughes Dynamics.  Three versions, Mark I, Mark II, and Mark III, became increasingly more sophisticated during the early 1960s, running on IBM 1401 computers.
In 1964, Hughes Dynamics decided to get out of the software business, but they had customers who used the Mark series of software and did not want to acquire a bad reputation by just abandoning those customers.  John Postley, the manager who had championed the Mark software, found another company to take over the software.  Hughes paid a software services firm called Informatics $38,000 to take their unwanted programmers and software responsibilities.  


Postley encouraged Informatics to create a new version, Mark IV, that would run on the new IBM System/360 computers.  He estimated that he needed half a million dollars to develop the program.  With a scant two million dollars in annual revenue, Informatics could not finance such a program, so Postley found five customers willing to put up $100,000 each to pay for developing Mark IV.  In 1967, the program was released, selling for $30,000 a copy.  More customers were found and within a year over a million dollars of sales had been recorded, bypassing the success of the Autoflow product.


Informatics chose to lease their software, but for perpetuity, rather than a fixed number of years as ADR had chosen to do with Autoflow.  This allowed Informatics to collect the entire lease amount up front, rather than over the life of the lease, as ADR did.  This revision of the leasing model became the standard for the emerging industry of packaged software products.  Informatics initially decided to continue to provide upgrades of new features and bug fixes to their customers free of charge, but that changed after four years and they began to charge for improvements and fixes to their own program, again setting the standard that the software industry followed after that.


Despite this small stirtings of a software industry, the computer industry was still about selling computer hardware.  When the federal government looked at the computer industry, their anti_trust lawyers found an industry dominated by one company to the detriment of effective competition.  Under pressure from an impending anti_trust lawsuit to be filed by the federal government, IBM decided in 1969 to unbundle its software and services from its hardware and sell them separately, beginning on January 1, 1970.  This change created the opportunity for a vigorous community of software and service providers to emerge in the 1970s, competing directly with IBM.  Even though IBM planned to unbundle their products, the federal government did file its anti_trust lawsuit on the final day of the Johnson presidential administration, and the lawsuit lasted for 18 years, a continual irritant distracting IBM management throughout that time.  Eventually the lawsuit disappeared as it became apparent in the mid_1980s that IBM was on the decline and not longer posed a monopolistic threat.


An example of the effect of the IBM unbundling decision can be seen in the example of software for insurance companies.  In 1962, IBM brought out their Consolidated Functions Ordinary (CFO) software suite for their IBM 1401 computer, which handled billing and accounting for the insurance industry.  Large insurance companies created their own software, designing exactly what they needed.  the CFO suite was aimed at smaller and medium_sized companies.  Because application software was given away for free until 1970, other companies who wished to compete with IBM had to create application software also.  Honeywell competed in serving the life insurance industry with their Total Information Processing (TIP) System, a virtual copy of IBM's CFO software.  With the advent of the System/360, IBM brought out their Advanced Life Information System (ALIS) and gave it away to interested customers, though it was never as popular as the CFO product.  After unbundling, literally dozens of software companies sprang up, offering insurance software.  By 1972, 275 available applications were listed in a software catalog put out by an insurance industry association.  Software contracters still dominated the emerging software industry, with 650 million dolalrs in revenue in 1970, as opposed to 70 million dollars in revenue for packaged software products in that same year.


Another type of computer services provider also emerged in the 1960s.  In 1962, an IBM salesman, H. Ross Perot (1930_) founded Electronic Data Systems (EDS) in Dallas, Texas.  The company bought unused time on corporate computers to run the data processing jobs for other companies.  Not until 1965 did EDS buy its first computer, a low_end IBM 1401.  EDS grew by developing the concept of what became known as outsourcing, which is performing the data processing functions for other companies or organizations.  In the late 1960s, the new Great Society programs of Medicare and Medicaid required large amounts of records processing by individual states, and EDS grew quickly by contracting with Texas and other states to perform that function.  Further insurance, social security, and other government contracts followed and by the end of the decade, the stock value of EDS had passed one billion dollars.

BASIC and Structured Programming:

Even with the new second_generation programming languages, such as FORTRAN and COBOL, programming remained the domain of mathematically and technically inclined people.  At Dartmouth College a pair of faculty members and their undergraduate students aimed to change that by developing a system and language for other Dartmouth students to use who were not majors in science or engineering.  The Dartmouth team decided on an ambitious project to build both an interactive time_sharing operating system based on using teletype terminals and a new easy to use programming language.  In 1964, a federal grant allowed Dartmouth to purchase a discounted GE_225 computer.  Even before the computer arrived, General Electric arranged for the Dartmouth team to get time on other GE_225 computers to create their BASIC (Beginner's All_purpose Symbolic Instruction Code) system.  Dartmouth faculty taught BASIC in only two mathematics classes, second_term calculus and finite mathematics, where students were allowed to use an open lab and learn programming.


Clearly based on FORTRAN and ALGOL, BASIC used simple keywords, such as PRINT, NEXT, GOTO, READ, and IF THEN.  General Electric adopted BASIC as their commercial time_sharing system and within several years BASIC was ported to computers from other manufacturers.  BASIC became the most widely known programming language because of its ease of use and because personal computers in the 1970s and 1980s adopted BASIC as their entry_level language.  Early forms of the language were compiled, though the personal computer implementations were usually interpreted.  Compiled programs are programs that have been run through a compiler to convert the original source code into binary machine code ready to be executed in the central processing unit.  Interpreted code is converted to machine code one line at a time as the program is run, resulting in much slower execution.  Compiled programs only have to be compiled once, while interpreted programs have to be interpreted every time that they run, resulting in a waste of computing resources.


All the early programming languages used some form of Goto statements in them to unconditionally transfer control from one section of the program to another section.  This method led to what became known as "spaghetti code," which is how a programmer felt trying to follow the overlapping paths of logic in a program.  This problem particularly occurred when programs were modified again and again, with ever more layers of logical paths intertwined with earlier logical paths.  Programmers recognized that this was a serious problem, but did not know what to do about it.


The Dutch computer scientist Edsger W. Dijkstra (1930_) came to the rescue.  The son of a chemist and mathematician, Dijkstra almost starved to death during the famine in the Netherlands at the end of World War II.  After obtaining doctorates in theoretical physics and computer science, Dijkstra made a name for himself in the 1950s and 1960s as an innovative creator of algorithms, developing the famous shortest_path algorithm and the shortest spanning tree algorithm.  He also contributed work on the development of mutual exclusion to help processes work together in multiprogramming systems.  In 1968, as an eminent programmer, he sent an article to the Communications of the ACM journal on "A Case Against the Goto Statement."  The editor of the journal, Niklaus Wirth (1934_), chose to publish the article as a letter to the editor in order to bypass the peer_review process in the journal and speed up its publication.  Wirth also picked a more provocative title: "The Goto Statement Considered Harmful."


Dijkstra showed that the Goto statement was actually unnecessary in higher_level languages.  Programs could be written without using the Goto and thus be easier to understand.  This insight led to "structured programming," and newer languages, such as C and Pascal (designed by Wirth), allowed the Goto to only act within the scope of a function or procedure, thus removing the bad effects of the instruction.  Structured programming, the dominant programming paradigm in the 1970s and 1980s, allowed programmers to build larger and more complex systems that exhibited fewer bugs and were easier to maintain.  Structured programming is only useful in the higher_level languages, since on the level of machine code, the actual bits that run on a CPU, the Goto instruction, called a jump instruction,  is still necessary and pervasive.

Supercomputers:

Seymour Cray (1925_1996) showed his passion for electronics as a child, building an automatic telegraph machine when only aged ten in a basement laboratory that his indulgent parents equipped for him.  After service in the army during World War II as a radio operator, Cray earned a bachelor's degree in electrical engineering and master's degree in applied mathematics, before entering the new computer industry in 1951.  He worked for Engineering Research Associates (ERA), designing electronic devices and computers.  When ERA was purchased by Remington Rand (later called Sperry Rand), Cray designed the successful UNIVAC 1103 computer.


In 1957 a friend left Sperry Rand to form Control Data Corporation (CDC).  Cray followed him and was allowed to pursue his dream of building a powerful computer for scientific computing.  The result was the Control Data 1604 in 1960, built for the U.S. Navy and the most powerful computer in the world at that time, built entirely of transistors.  A new category of supercomputer had been born, successors to the IBM Stretch project and the Sperry Rand LARC projects in the late 1950s.  Cray continued to design new supercomputers, and the Control Data 6600, released in 1964, included a record 350,000 transistors.  Supercomputers were used on the most difficult computing problems, such as modeling weather systems or designing complex electronic systems.  Annoyed at the dominance of CDC in the new supercomputer field, IBM engaged in questionable business practices that led to CDC file an anti_trust suit in 1968.  The suit was settled in CDC's favor in 1973.


In 1972, Cray left CDC to found his own company, Cray Research, in his hometown of Chippewa Falls, Wisconsin.  CDC generously contributed partial funding to help the new company.  Cray was famous for his intense focus and hard work, though he played hard also; besides sports, he enjoyed digging tunnels by hand on his Wisconsin property.


In 1976, the Cray_1 was released, costing 8.8 million dollars, with the first model installed at Los Alamos National Laboratory.  Using vector processing, the Cray_1 could perform 32 calculations simultaneously.  A refrigeration system using Freon dissipated the intense heat generated by the closely packed integrated circuits.  Other improved systems followed, the Cray X_MP in 1982, the Cray_2 in 1985, and the Cray Y_MP in 1988.  The last machine was the first supercomputer to achieve over a gigaflop in speed (billion floating point operations per second); by contrast, the Control Data 6600 in 1964 could only do a single megaflop (million floating point operations per second).  Every Cray machine pushed the technology envelope, running at ever faster clock speeds and finding new ways of making more than one processor run together in parallel.  The name Cray was synonymous with supercomputers, though the company's share in the supercomputing market fell in the 1990s as parallel_processing computers from other companies competed to build ever more powerful supercomputers.  In early 1996, Cray Research merged with SGI (Silicon Graphics, Incorporated) and Cray died as a result of injuries from an automobile accident later that year.

Microprocessors:

In 1968, Robert Noyce and Gordon E. Moore decided to leave Fairchild Semiconductor to found Intel Corporation.  They two founders of Fairchild Semiconductor raised $500,000 of their own money and obtained another $2,500,000 in commitments from venture capitalists on the basis on their reputations and a single_page letter.  Intel had a product available within a year, a 64_bit static Random Access Memory (RAM) memory microchip to replace magnetic core memory.  IBM had already created such a technology and used it in their mainframe computers for temporary storage, but did not sell it separately.  The Intel microchip crammed about 450 transistors onto the chip.  In 1970 Intel also introduced dynamic random access memory technology, which required a regular electric refreshing on the order of a thousand times a second to keep the bit values stable.


Magnetic core memories retained their bit values even if the power was turned off, while the new Intel technologies lost everything when power was cut.  After only a couple of years, computer system designers adapted to this change because the memory chips were so much cheaper and faster.  Intel also licenced their technology to other microchip manufacturers so that they were not the sole source of the memory chips, knowing that computer manufacturers felt more comfortable having multiple suppliers.


Intel also invented Erasable Programmable Read Only Memory (EPROM) microchips in 1970.  EPROM's are ROM chips with a window on top.  By shining ultraviolet light into the window, the data on the microchip was erased and new data could be written to the chip.  This technology served the controller industry well, making it easy to embed new programs into their controllers.  The EPROM provided a significant portion of Intel's profits until 1984.  In that year, the market for microchips crashed.  Within nine months the price of an EPROM dropped by ninety percent.  Japanese manufacturers had invested heavily in the memory chip market and markets for other kinds of microchips and manufacturing overcapacity drove prices below any conceivable profit margins.  American memory chip manufacturers file a legal suit alleging illegal dumping by the Japanese, the federal government became involved and while most American memory chip manufacturers withdrew from the market, the EPROM market was saved.  By the mid_1980s, Intel was known as a manufacturer for its fourth major invention: the microprocessor. 


In April 1969, Busicom, a Japanese manufacturer of calculators, approached Intel to manufacture a dozen microchips that they had designed for a new electronic calculator.  Ted Hoff (1937_), who earned a doctorate in electrical engineering from Stanford University in 1962, was assigned to work with Busicom.  Hoff determined that the Japanese design could be consolidated into just five chips.  Intel convinced the Japanese engineers to allow them to continue trying to make even more improvements.  The Japanese agreed and Hoff finally got the count down to three: a ROM (read_only memory) microchip, a RAM (random access memory) chip, and a microprocessor.  The 4_bit microprocessor, called the Intel 4004, contained all the central logic necessary for a computer onto a single chip, using about 2,000 transistors on the chip.  Stanley Mazor (1941_) helped with programming the microprocessor and Federico Faggin (1941_) did the actual work in silicon.


By March 1971, the microprocessor had been born.  Intel executives recognized the value of the invention, but Busicom had negotiated an agreement giving them the rights to the chip.  When Busicom began to experience financial difficulties, they wanted to negotiate a lower price for the chips.  Intel agreed to this lower price as long as Busicom allowed Intel to pay back the $65,000 in research money that Busicom had originally paid to Intel in return for Intel gaining the right to sell the microprocessor to other companies.  Busicom agreed and Intel offered the chip for sale.


While the 4004 was still in development, Hoff designed another microprocessor, the 8_bit Intel 8008.  This chip was again developed for an outside company, Computer Terminals Corporation (CTC).  When CTC could not buy the microprocessor because of financial difficulties, Intel again turned to selling it to other customers.  The Intel 8008 found a role in as an embedded data controller and in dedicated word_processing computers. The Intel 8008 led to the Intel 8080, brought to market in 1974, which became the basis of the first personal computer.  The current fourth generation of computer hardware is based on microprocessors and ever more sophisticated integrated circuit microchips.  Intel and other companies sold 75 million microprocessors worldwide in 1979, a strong indication of the outstanding success of Hoff's invention less than a decade later.

By 1960, less than 7,000 electronic digital computers had been built worldwide.  By 1970, the number of installed electronic digital computer systems stood at about 130,000 machines.  Yet computers remained expensive, found only in workplace or research settings, not in the home.  In the 1970s the microprocessor became the key technology that enabled the computer to shrink to fit the home.Chapter 5
Personal Computers: Bringing the Computer into the Home

The Altair 8800:


When Ted Hoff (1937_) of Intel created the Intel 4004 microprocessor, a complete central processing unit (CPU), the potential to build a small computer–a microcomputer–existed.  Intel management wanted to stay out of end_user products sold directly to the end customer, so they did not take the next obvious step and create [the] first microcomputer.  The rapid release of Intel's 8008 and 8080 microprocessors, soon led a programmer, Gary Kildall (1942_1994), to begin to create a rudimentary operating system for the Intel microprocessors.  Kildall and other computer hobbyists had a dream to create a “desktop” computer–a singular computer for their own personal use.


Electronic hobbyists were part of a small community of experimenters who read magazines like Popular Electronics and Radio Electronics, attended conventions and club meetings devoted to electronics, and built home electronic systems.  They often shared their discoveries with each other.  The technical director of Popular Electronics, Les Solomon, who liked to spur the development of electronic technology by asking for contributions about a particular topic.  The submission[s] which met Solomon’s standards would get published in the magazine.  In 1973 Solomon put out a call for “the first desktop computer kit.”  A number of designs were submitted, but all fell short, until Edward Roberts contacted Solomon and the cover story of the January 1975 issue introduced the new Altair 8080.


Edward Roberts (1941_) was born in Miami, Florida.  From early age he had two primary, seemingly disparate, interests in life: electronics and medicine.  Family obligations and financial constraints caused him to pursue electronics.  At the time of the Les Solomon challenge, Roberts ran his Micro Instrumentation and Telemetry Systems (MITS) calculator company, one of the first hand_held calculator companies in the United States, in Albuquerque, New Mexico.  Small companies like his were running into serious competition in the calculator market from big players like Texas Instruments and Hewlett Packard.  Roberts decided that he would devote his resources to try to meet Solomon’s challenge and build a “desktop” computer with the hope of selling it to hobbyists.  He realized that this was a big gamble because no one knew what the market for such a machine might be.  He designed and developed the Altair for over a year before he sent a description to Solomon.


The name for the computer came about when Roberts wondered aloud what he should call the machine and his daughter suggested the Altair, since that was the name of the planet that the starship Enterprise was visiting that night on Star Trek. [Oddly enough, science fiction writers and moviemakers before about 1970 did not foresee the rise of personal computers in the homes of average people.  Perhaps large, monolithic computers made better villains in stories.  - you mention this in final thoughts]


The Altair 8800 microcomputer was based on the 8_bit Intel 8080 microprocessor and contained only 256 bytes of memory.  The kit cost $397 and came completely unassembled.  A person could pay $100 more if they wanted to receive the Altair 8800 already assembled.  The microcomputer had no peripherals: no keyboard, computer monitor, disk drive, printer, software, operating system, or any input or output device other than the toggle switches and lights on the front panel of the machine.  Programs and data were loaded into memory through the toggle switches, using binary values, and the results of a program run were displayed as binary values on the lights.  [However]The Altair was a true general purpose computer, a Von Neumann machine, with the capacity for input and output, even if rudimentary.


Roberts knew that peripheral devices would have to come later.  To accommodate integrating them into the machine, the Altair had an open bus architecture.  It consisted of a motherboard that held the CPU, and expansion slots for cards (circuit boards) that connected to computer monitors, disk drives, or printers.  Communication between the CPU and the expansion slots occurred through a bus, an electronic roadway by which the CPU checks to see what device on the computer needs attention.


Four thousand orders for the Altair came to MITS within three months of publication of the Popular Electronics article describing the machine, demonstrating a surprisingly large market for a home computer.  Roberts had trouble obtaining parts, found that parts were not always reliable, and was unprepared to quickly manufacture that many machines, so it took months for MITS to fulfill the orders.


Despite the problems, electronic hobbyists were willing to purchase the microcomputer and put up with long delivery times and other problems.  Altair clubs and organizations quickly sprang into existence to address the potential and needs of the machine.  Some of these hobbyists became third party manufacturers and created many of the peripherals needed by the machine, such as memory boards, video cards that could be attached to a television, and tape drives for secondary storage.

  
Although often given credit for inventing the personal computer, Roberts did not create the first inexpensive “desktop” computer.  In France, Andre Thi Truong, created and sold a microcomputer called the Micral based on the Intel 8008 in 1973.  Truong sold 500 units of his Micral in France, but the design never was published in the United States.  Though the Altair was not first, the size of the electronic hobbyist market in the United States and the open nature of the Altair’s design contributed to the speedy development of microcomputers in the United States.  All later development of microcomputers sprang from the Altair 8080, not the Micral.

Origins of Microsoft:


  Microsoft was started by Paul Allen (1953_) and Bill Gates (1955_) and owes its origins to the origins of the Altair.  Allen was born to librarian parents who inspired his many interests.  Gates was born to William Henry Gates, Jr. (a prominent attorney) and Mary Maxwell (a school teacher turned housewife and philanthropist).


Allen and Gates grew up together in Washington State.  They were both enthusiastic about computing technology and Gates learned to program at age 13.  The enterprising teenagers both worked as programmers for several companies, including automotive parts supplier TRW, without pay, just for the fun of it.  While in high school they created a computer_like device that could measure automotive traffic volume.  They called the company Traf_O_Data.  The company was short_lived but useful for the two in gaining business experience.  Gates may have also created one of the first worms – a program that replicates itself across systems – when he created a program that moved across a network while a junior in high school.


Gates was in Harvard University and Allen was working for Honeywell Corporation in Boston when Roberts’ Popular Electronics article was published.  Allen called Roberts in Albuquerque and found MITS had no software for the machine, so Allen called Gates and they decided to get involved.  The two young men were so confident in their technical abilities, and believed that they could draw on the simple BASIC compiler they had already created for the Traf_O_Data machine, that they told Roberts they had a BASIC programming language for the Altair already working.  Six weeks later they demonstrated a limited BASIC interpreter on the Altair 8080 to Roberts.  Roberts was sold on the idea and licensed the interpreter from Allen and Gate’s newly formed company Micro_Soft (they later dropped the hyphen).  Roberts also hired Allen as his one and only programmer, with the official title of Director of Software.  Gates dropped out of Harvard to help improve the interpreter and build other software for MITS.  The BASIC interpreter made operation of the Altair so much easier, opening up the machine to those who did not want to work in esoteric Intel microprocessor machine code.

More Microcomputers:


Altair was shipping microcomputers out to customers as fast as they could make them, and by the end of 1976, other companies began creating and selling microcomputers as well.  A company called IMSAI used the Intel 8080 to create its own microcomputer and soon competed with MITS for leadership.  IMSAI gained some Hollywood fame by appearing in the movie “Wargames" as the microcomputer used by the main character played by Matthew Broderick.  Companies like Southwest Technical Products and Sphere both used the more powerful Motorola 6800 microprocessor to create their own machines.  The company Cromemco developed a computer around the Zilog Z80 chip, a chip designed by former Intel engineer Federico Faggin (1941_).  MOS Technology, a semiconductor company, created a microcomputer around their own 6502 microprocessor, then sold the technology to Commodore and later Atari.  Radio Shack began to look for a machine it could brand and sell in their stores.


Roberts had not patented the idea of the microcomputer, nor did he patent the idea of the mechanism through which the computer communicated with its components: the bus.  Hobbyists and newly formed companies directly copied the Altair bus, standardized it so that hardware peripherals and expansion cards might be compatible between machines, and named it the S_100 bus.  This meant that engineers could create peripherals and expansion cards for microcomputers that might work in more than just the Altair.


It became obvious to Roberts that the competition was heating up not just for computers but for the peripherals on his own machine.  Most of the profit came from peripherals and expansion cards, so Roberts tried to secure his position by requiring that resellers of the Altair 8080 only sell peripherals and expansion cards from MITS.  Most refused to follow his instructions.  Manufacturing problems continued as well.  To protect its sales of a problem_plagued 4K memory expansion card, MITS linked purchase of the card to the popular, Micro_Soft BASIC.  BASIC normally cost $500, but cost only $150 if purchased with a MITS memory card.  This strategy didn’t work because a large number of hobbyists simply began making illegal copies of the software and bought memory cards from other manufacturers or made their own.


Seeking a new direction, MITS gambled on the future and released a new Altair based around the Motorola 6800.  Unfortunately, hardware and software incompatibility between the new machine and the older 8080 machine, as well as the limited resources MITS had to assign to supporting both machines, didn’t help MITS in the market.  In December 1977, Roberts sold MITS to the Pertec Corporation, and the manufacture of Altairs ended a year later.  Roberts left the electronics industry and became a medical doctor, able to afford his long_time dream from the profits from selling MITS.  He later went on to combine electronics and medicine, creating a suite of medical laboratory programs in the mid_1990s.


Despite the demise of MITS and the Altair, the microcomputer revolution begun by that machine had just [started began].  Some fifty different companies developed and marketed their own home microcomputers.  Many companies would quickly see their own demise.  Others were successful for years to come.  Commodore introduced their PET in 1977 and would follow with even easier_to_use and cheaper models, the VIC_20 and Commodore_64, both based on the MOS 6502 microprocessor.  Atari introduced their 400 and 800 machines, also based on the 6502 microprocessor.  Radio Shack began to sell their TRS_80 (referred to in slang as the TRASH_80) in their stores nationally in 1977 and introduced computing to non_hobbyists.

The Apple II:


The genesis of the Apple computer is found in Sunnyvale California’s Homestead High School, where students were often children of the many computer engineers who lived and worked in the area.  Many of these children showed interest in electronic technology, including Steve Wozniak (1950_), one of the future founders of Apple computer, and often known just by his nickname: “Woz.”  One of Wozniak’s first electronic devices simulated the ticking of a bomb.  He placed it in a friend’s school locker as a practical joke.  Unfortunately, the principal of the school found the device before the friend and suspended Woz for just two days in those more lenient times.


By 1971, Woz had graduated and was working a summer job between his first and second year of college, when he began to build a computer with an old high school friend, Bill Fernandez.  They called it the Cream Soda Computer because of the late nights they spent building it and drinking the beverage.  By Woz’s account, the machine worked, but when they tried to show it to a local newspaper reporter, a faulty power supply caused it to burn up.  Two important events occurred because of this event.  One, it shows how hobbyists were working to create the microcomputer.  The Cream Soda Computer’s inauspicious debut was two years before the debut of the Altair.  The other is that Fernandez introduced Woz to Steve Jobs (1955_), the other future co_founder of Apple Computer.


Jobs was another Silicon Valley student, and by most accounts, a bright, enterprising, and persuasive young man.  He once called William Hewlett (1913_), one of the founders of Hewlett_Packard, and convinced Hewlett to lend him spare electronics parts.  Jobs was twelve years old at the time.  Though Jobs was 5 years younger than Woz when they met, they shared a common affection for practical jokes and the two got on well.  One of their first enterprises together proved rather dubious.  They constructed “blue boxes,” an illegal device that allows an individual to make free phone calls, and sold them to their friends.  Jobs obtained a summer job at Atari, a video game company newly founded in 1971 by Nolan Bushnell (1943_).  Jobs enlisted Woz to help him program a game that Bushnell had proposed, even though Woz was already working full_time at Hewlett_Packard.  The game, Breakout, became an arcade hit.


Woz began working on another microcomputer in 1975.  It was not a commercial product and was never intended to be, just a single circuit board in an open wooden box.  Jobs, however, saw commercial potential and convinced Woz that it had a future.  They called it the Apple I.  As pranksters fond of practical jokes they decided to begin the company on April Fool’s Day in 1976.  The price of the machine was $666.66.      


Jobs' ambition went beyond the handmade Apple I and after consulting with Bushnell, he decided to seek venture capital.  He was introduced to Mike Markkula (1942_), a former marketing manager at Fairchild and Intel who had turned venture capitalist.  Markkula became convinced that the company could succeed.  He secured $300,000 in funding from his own sources and a line of credit.


The Apple II, designed by Woz and based on the MOS 6502 microprocessor, was introduced in 1977.  The Apple II cost $790 with 4 kilobytes of RAM, or $1,795 with 48 kilobytes of RAM.  The company made a profit by the end of the year as production doubled every three months.  Though Apple was hiring and bringing in money, Woz remained working full_time at Hewlett_Packard, requiring Jobs to turn his arts of persuasion on Woz to convince him to come work at Apple full_time.


The Apple II came in a plastic case that contained the power supply and keyboard.  It had color graphics and its operating system included a BASIC interpreter that Woz had written.  With a simple adapter, the Apple II hooked up to a television screen as its monitor.  The Apple II was an attractive and relatively reliable machine.  Many elementary and secondary schools purchased the Apple II across America, making it the first computer that many students came in contact with.  The microcomputer’s open design allowed third party hardware manufacturers to build peripherals and expansion cards.  For example, one expansion card allowed the Apple II to display 80 columns of both upper and lower case characters, instead of the original 40 columns of only upper case characters.  Programming the Apple II was fairly simple and many third party software products were created for it as well.  This ease of programming allowed the machine to reach broad acceptance, with the most popular programs on the hobbyist microcomputers being games like MicroChess, Breakout, and Adventure.  Microcomputers, however, were not thought of as business machines.  A program named VisiCalc changed that.


VisiCalc (short for visible calculations) was the first spreadsheet program.  A spreadsheet is a simple table of what are called cells in columns and rows.  The columns and rows go beyond the boundaries of the screen and can be scrolled to either up and down or left and right.  Cells contain either text, numbers, or even equations that can summarize and calculate values based on the contents of other cells.  The spreadsheet emulates a paper accounting sheet but is far more powerful because it can change the value cells dynamically as other cells are modified.  The idea had been around on paper since the 1930s as a financial analysis tool, but the computer made it a truly powerful idea.


Dan Bricklin (1951_) and Bob Frankston (1949_), two Harvard MBA students, wrote VisiCalc on an Apple II in Frankston’s attic.  They released their program in October 1979 and were selling 500 copies a month by the end of the year.  A little more than a year later VisaCalc was selling 12,000 copies a month at $150 per copy.  There were other powerful business programs introduced as well.  For example, John Draper, a former hacker known as Cap'n Crunch, wrote EasyWriter, the first word processing application for the Apple II.  Compared to all other programs, however, VisiCalc was so successful in that it drove people to purchase the Apple II just to run it.  A new term described this kind of marketing wonder software: the “killer app”.  A killer app (or killer application) is a program that substantially increases the popularity of the hardware it runs on.  Apple continued to prosper, and in 1981 the company had sales of $300 million a year and employed 1,500 people.

The IBM PC:


On August 12, 1981, a new player joined the ranks of microcomputer manufacturers: IBM.  IBM saw the possibility of using microcomputers on business desks, decided they needed to get on the ground with their own microcomputer, and to do it quickly.  Their intention was to dominate the microcomputer market the same way they dominated the mainframe marketplace, though they anticipated that the microcomputer market would remain much smaller than the mainframe market.


In 1980, IBM approached the problem of going to market with a microcomputer differently than they had for any other hardware they had produced.  They chose not to build their own chipset for the machine like they had for their mainframes and minicomputers.  The new microcomputer used the 16_bit Intel 8088; a chip used in many other microcomputers.  They learned from the successes of the Altair and recognized that they needed the many talents of the microcomputer world to build the peripherals and software for their PC.  They also decided to go outside IBM for the software for the machine, including the operating system.  To facilitate third party programming and hardware construction, IBM did a few other things that never would have occurred in the mature market of mainframes.  IBM created robust and approachable documentation and an open bus_type architecture similar to the Altair's S_100 bus.  Recognizing the change in the market landscape, IBM also sold the machine through retail outlets instead of only through their established commercial sales force.


Searching for applications for its microcomputer, IBM contacted Microsoft and arranged a meeting with Gates and his new business manager, Steve Ballmer (1956_), in Microsoft’s Seattle area offices.  Gates’ mother may have played a role in Microsoft’s eventual overwhelming success, since she sat on the board of the United Way with a major executive at IBM and he recognized Microsoft as her son’s business.  Gates and Ballmer put off a meeting with Atari to meet with IBM.  Atari was in the process of introducing computers for the home market based around the MOS 6502 microprocessor.  Gates and Ballmer decided to look as serious as possible and put on suits and ties–a first for them in microcomputer business.  In another first, they signed a confidentiality agreement so that both Microsoft and IBM would be protected in future development.  Microsoft expressed interest in providing applications for the new machine.

 
IBM also needed an operating system and went to meet with Gary Kildall at Digital Research Incorporated (DRI).  Kildall had written an operating system called CP/M (Control Program for Microcomputers) that worked on most 8_bit microprocessors, as long as they had 16 kilobytes of memory and a floppy disk drive.  This popular operating system ran on the IMSAI and other Altair_like computers, and by 1981 sat on over 200,000 machines with possibly thousands of different hardware configurations.  Before CP/M, the closest thing to an operating system on the microcomputer had been Microsoft BASIC and Apple's BASIC.  CP/M was much more powerful and could work with any application designed for the machines.  However, IBM hesitated at paying $10 for each copy of CP/M.  IBM wanted to buy the operating system outright at $250,000.  Talking again with Gates, they became convinced that they might be better off with a whole new operating system, because CP/M was an 8_bit OS and the 8088 was 16_bit CPU.  So, despite Microsoft not actually owning an operating system at the time, IBM chose Microsoft to develop their microcomputer operating system.  Microsoft was a small company among small software companies, bringing in only $8 million in revenue in 1980, when VisiCalc brought in $40 million in revenue in the same year.


Microsoft purchased a reverse_engineered version of CP/M from Seattle Computer Products called SCP_DOS, which they reworked into MS_DOS (Microsoft _ Disk Operating System), which IBM called PC_DOS (Personal Computer _ Disk Operating System), to run on the Intel 8088.  CP/M and MS_DOS not only shared the same commands for the user, but even the internal system calls for programmers were the same.  Kildall considered a lawsuit at this brazen example of intellectual property theft, but instead reached an agreement with IBM for the large company to offer his operating system as well as the Microsoft version.  Unfortunately, when the product came out, IBM offered PC_DOS at $40 and CP/—86 at $240.  Not many buyers went for the more expensive operating system.


A mantra had existed in the computer world for many years: no one ever got fired for buying IBM.  With IBM now in the microcomputer market, businesses that would never think about buying a microcomputer prior to the IBM PC were in the market for them.  With the introduction of the IBM PC, microcomputers were now referred to generically as personal computers or PCs, and were suddenly a lot more respectable than they had been.  Another killer application appeared that also drove this perception.  A program called Lotus 1_2_3, based on the same spreadsheet principle as VisiCalc, pushed the PC.  The introduction of the program included a huge marketing blitz with full_page ads in the Wall Street Journal.  To the investors of Wall Street and executives in larger corporations, the software and the hardware manufacturer were legitimate.


The successful combination of IBM and Microsoft killed most of the rest of the personal computer market.  For a couple years in the early 1980s it was not clear where the market would go.  Osborne Computer, founded in 1981, created the first real portable personal computer.  The Osborne 1 used a scrollable five inch screen, contained a Zilog Z80 microprocessor, 64 kilobytes of RAM, and two floppy disk drives, and was designed to fit under an airplane seat.  The portable ran CP/M, BASIC, the WordStar word processing software, and the Supercalc spreadsheet.  The Osborne 1 sold for only $1,795 and soon customers were buying 10,000 units a month.  Other portable personal computers, almost identical to the Osborne, quickly followed from Kaypro and other manufacturers.  In 1980 and 1981 large computer manufacturers like Hewlett_Packard with its HP_85, Xerox with its Star, Digital Equipment Corporation (DEC) with its Rainbow (a dual_processor machine that could run both 8_bit and 16_bit software), NEC, and AT&T began to bring out personal computers as well.  By the end of 1983, IMSAI was gone, Osborne had declared bankruptcy, and most of the 300 computer companies that had sprung up to create microcomputers that were not compatible with IBM PCs had mostly disappeared.  Kildall's DRI also began its downward spiral as CP/M became less important.  By 1983, it looked like there would soon be only two companies left selling microcomputers on a large scale to battle for supremacy: IBM and Apple.  Time magazine also noticed the importance of the microcomputer when they chose the PC as their Man of the Year for 1982, the only time that the chose a machine for an honor that usually went to important international leaders.

Xerox PARC, the GUI, and the Macintosh:


With the IBM PC and Microsoft DOS, Apple faced serious competition for the first time, and Jobs turned to formulating a response.  As an operating system, DOS adequately controlled the machine's facilities, but few would call the user interface intuitive.  Users typed in cryptic commands at the command line in order to get the machine to do anything.  Jobs visited the Xerox PARC (Palo Alto Research Center) in 1979 and came away with whole different idea for a user interface.


Established in 1970, Xerox PARC was initially headed by Robert Taylor (1932_), previously director of the Information Processing Techniques Office at the Advanced Research Projects Agency in the Pentagon.  Taylor helped lay the groundwork for the network that became the Internet, and brought his skill at putting together talented people and resources to PARC.  Scientists and engineers at PARC quickly established themselves as being on the cutting edge of computing science.  In 1973, PARC created a computer they called the Alto that used a bit_mapped graphical display, a graphical user interface (GUI), a mouse, and programs based on the WYSIWYG (what you see is what you get) principle.  The GUI used two or three dimensional graphics and pointing mechanisms to the graphics, with menus and icons, as opposed to the old method of using text commands at a operating system command prompt.  Jobs also saw an Ethernet network linking the computer on different engineers’ desks and laser printers for printing sharp graphics and text.


Though structured program had only truly started to be established in the industry in the 1970s, programmers on PARC created the Smalltalk, a object_oriented programming language (OOP) better suited for writing a GUI and other graphical programs .  Variants of the Simula languages from the Norwegian Computing Center, in Oslo, Norway in the 1960s were the first examples of OOP, but Smalltalk came to be considered the purest expression of the idea.  Structured programs usually separated the data to be processed from the programming code that did the actual processing.  Object_oriented programs combined data and programming code into objects, making it easier to create objects that could be reused in other programs.  Object_oriented programming required thinking in a different paradigm than structured programmers did and OOP did not gain widespread acceptance until the late 1980s.


With this plethora of riches, practically every major innovation that would drive the computer industry for the next decade, generating hundreds of billions of dollars in revenue, Xerox remained a copier company in its heart.  Xerox introduced the 8010 "Star" Information System in 1981, a commercial version of the Alto, but priced it so high at $40,000 that a system and peripherals cost about as much as a minicomputer.  Though about 2,000 Star systems were built and sold, this was a failure compared to what Jobs eventually did with the concepts.  Because of the failure of Xerox to exploit their innovations, scientists and engineers began to leave PARC to found their own successful companies or find other opportunities.  Jobs eventually convinced many of the engineers at Xerox PARC to come over to Apple Computer


Many of Xerox’s innovations implemented the prior ideas of Douglas C. Engelbart (1925_), a visionary inventor.  Raised on a farm, Englelbart entered Oregon State College in 1942, majoring in electrical engineering under a military deferment program during World War II.  After two years,  the military ended the deferment program because of a more immediate need for combat personnel verses a longer term need for engineers.  Engelbart elected to join the navy and became a technician, learning about radios, radar, sonar, teletypes, and other electronic equipment.  He missed the fighting and returned to college in 1946.  Two years later he graduated and went to work for the National Advisory Committee for Aeronautics (NACA), a precursor to the National Aeronautics and Space Administration (NASA).  He married in 1951, and feeling dissatisfied with his work at NACA, he sought a new direction in his life.


After considerable study he realized that the amount to information was growing so fast that people needed a way to organize and cope with the flood, and computers were the answer.  Engelbart was also inspired by the seminal 1945 article, "As We May Think," by the electrical engineer Vannevar Bush (1890_1974), who directed the American Office of Scientific Research and Development during World War II.  Bush had organized the creation of a mechanical differential analyzer before the war and after the war envisioned the use of computers to organize information in a linked manner that we now recognize as a early vision of hypertext.  Electronic computers in 1951 were in their infancy, with only a few dozen in existence.  Engelbart entered the University of California at Berkeley, earned a master's degree in 1952 and a Ph.D in electrical engineering in 1955, with a speciality in computers.


Engelbart became an employee at the Stanford Research Institute (SRI) in 1957 and a paper, “Augmenting Human Intellect: A Conceptual Framework,” laid out many of the concepts in human_computer interaction he had been working on.  He formed his own laboratory at SRI in 1963, called the Augmentation Research Center (ARC).  Engelbart's team of engineers and psychologists worked through the 1960s on realizing his dream, the NLS (oNLine System).  Engelbart wanted to do more than automate previous tasks like typing or clerical work, he wanted to use the computer to fundamentally alter the way that people think.  In a demonstration of the NLS at the Fall Joint Computer Conference in December 1968, Engelbart showed the audience on_screen video conferencing with another person back at SRI, thirty miles away, an early form of hypertext, the use of windows on the screen, mixed graphics_text files, structured document files, and the first mouse.  This influential technology demonstration has been called “the mother of all demos.”


While often just credited with inventing the mouse, Engelbart had also developed the basic concepts of groupware and networked computing.  Engelbart's innovations were ahead of their time, requiring expensive equipment that retarded his ability to innovate.  A computer of Engelbart's at SRI became the second computer to join the ARPAnet in 1969, an obvious expansion of his emphasis on networking.  ARPAnet later evolved into the Internet.  In the early 1970s, several members of Engelbart's team left to join the newly created PARC, where ample funding led to rapid further development of Engelbart's ideas.  It only remained for Steve Jobs and Apple to bring the work of Engelbart and PARC to commercial fruition.


Steve Jobs has said of his Apple I, "We didn't do three years of research and come up with this concept.  What we did was follow our own instincts and construct a computer that was what we wanted."  Job's next foray into computer development used the same approach.  The first attempt by Apple to create a microcomputer that used the GUI interface was the Lisa, based on a 16_bit Motorola 68000 microprocessor, released in 1983.  The Lisa was expensive and non_compatible with both the Apple II computer line and the rest of the DOS_oriented microcomputer market, and did not sell well.


After Jobs become disenchanted with the Lisa team during production, he decided to create a small "skunk works" team to produce a similar, but less_expensive machine.  Pushed by Jobs, the team built a computer and small screen combination in a tan box together with keyboard and mouse: the Apple Macintosh. The Macintosh, also based on the Motorola 68000 microprocessor, was the first successful mass_produced GUI computer.


The Macintosh’s public unveiling was dramatic.  During the 1984 Super Bowl television broadcast, a commercial flickered on that showed people clothed in grey trudging like zombies into a large bleak auditorium.  In the front of the auditorium a huge television displays a talking head similar to the character "Big Brother" from George Orwell's novel 1984 droning on.  An athletic and colorfully clothed woman chased by characters looking like security forces runs into the room. She swings a sledgehammer into the television.  The television explodes, blowing a strong dusty wind at the seated people.  A message comes on the screen "On January 24th, 1984 Apple Computer will introduce Macintosh.  And you'll see why 1984 won't be like 1984."  The commercial reference Orwell's novel, where Big Brother is an almost omnipotent authoritarian power, is intriguing.  Although never stated, it was not hard to guess that Apple was likening to Big Brother to Apple's nemesis, IBM.


The Macintosh (or “Mac” as it was affectionately called) quickly garnered a lot of attention.  Sales were initially stymied by hardware limitations, since the Mac had no hard drive and limited memory, and lacked extensive software.  Eventually, Apple overcame these initial limitations, allowing the machine to fulfill its promise.  Even with the initial problems, the Macintosh suddenly changed the competitive landscape.  The development of Aldus Pagemaker by Paul Brainard (1947_) in 1985, the first desktop publishing program, became the killer application for the Macintosh, making it a successful commercial product, just as Visicalc had made microcomputers into useful business tools.


Engelbart's contributions were lost in popular memory for a time, even at Apple, which at one point claimed in a famous 1980s lawsuit against Microsoft to have effectively invented the GUI.  Yet, by the mid_1980s, people in the computer industry began to take notice of Engelbart's contributions and the awards began to flow.  Among his numerous awards were a lifetime achievement award in 1986 from PC Magazine, a 1990 ACM Software System Award, the 1993 IEEE Pioneer award, the 1997 Lemelson_MIT Prize, with its $500,000 stipend, and the National Medal of Technology in 2000.


Jobs was forced out of Apple in 1985 by the man he had hand_picked to be the new head of Apple.  Jobs reacted by founded NeXT Inc., intending to build the next generation of personal computers.  The NeXTcube experienced considerable problems, but finally came to market in 1990, being built in a completely automated factory.  Built around a 32_bit Motorola 68030 microprocessor, having 8 megabytes of memory, and including a 256 megabyte magneto_optical drive for secondary storage, instead of a floppy disk drive, the NeXTcube ran a sophisticated variant of the UNIX operating system and included many tools for object_oriented programming.  The NeXTcube impressed technical people because of the sophistication of its software, but that software ran slowly, the computer cost $9,999, and apparently the window for introducing a completely new microcomputer architecture had passed for a time.  Only some 50,000 units were sold and the company lost money.


Jobs also co_founded Pixar Animation Studios after purchasing the computer graphics division of Lucasfilm, made famous by the Star Wars movies.  Pixar created computer_animated movies, using proprietary software technology that they developed, and by concentrating on their story lines not deadlines, began a string of successes with the full_length feature film, Toy Story, in 1995.  In 1996, his old company, Apple, after suffering business losses, asked Jobs to return to head the company.  He did so on the condition that Apple would buy NeXT Inc.  They did so, and the NeXT operating system and programming tools were integrated into the Apple Macintosh line.  Jobs successfully turned Apple around, relishing a sense of vindication.

IBM PC Clones:


When IBM first approached Microsoft, Bill Gates successfully convinced IBM that their PC should follow the direction of open architecture that they had begun in their hardware by having their PC be able to support any operating system.  He pointed to the success of VisiCalc, where software drove hardware sales.  Gates figured that he could compete successfully with any other operating system.  In many ways, this was not a large gamble.  Gates understood that a paradigm_shifting operating system might come along to supplant DOS, but he also knew from his experiences in the microcomputer world that users tended to stick to a system once they had acquired experience in it.  This is known as technological lock_in.


Gates also argued to IBM that since Microsoft was at risk to have its operating system replaced on the PC replaced by a competitor, Microsoft should be free to sell its operating system to other hardware manufacturers.  IBM bought the argument and opened the door for clones.  Gates was acutely aware of the experience of the Altair with its open architecture, which quickly led to clones.  The open architecture of the PC meant that meant third parties could also clone the IBM PC's hardware.


While Apple kept its eye on the feared giant of IBM, other companies grabbed market share from both Apple and IBM by creating IBM PC clones.  A clone market for Apple computer did not emerge because Apple kept a tight legal hold on their Macintosh ROM BIOS chips, which could not easily be reverse engineered.  IBM PCs could be cloned for three reasons: because Intel could sell their microprocessors to other companies, not just IBM; Microsoft could also sell their operating system to the clone makers; and the ROM BIOS chips that IBM developed could be reverse engineered.  ROM BIOS (Read Only Memory Basic Input/Output System) chips are memory microchips containing the basic programming code to communicate with peripheral devices, like the keyboard, display screen, and disk drives.


One of the first clone makers was also one of the most successful.  Compaq Computer was founded in 1982 and quickly produced a portable computer that was also a IBM PC clone.  When the company began to sell their portable computers, their first year set a business record when they sold 53,000 computers for $111 million in revenue.  Compaq moved onto building desktop IBM PC clones and continued to set business records.  By 1988, Compaq was selling more than a billion dollars of computers a year.  The efforts of Compaq, Dell, Gateway, Toshiba, and other clone makers continually drove down IBM's market share during the 1980s and 1990s.  The clone makers produced cheaper computer[s] with more power and features that[than] the less nimble IBM could.


By 1987, the majority of personal computers sold were based on Intel or Intel_like microchips.  Apple Macintoshes retreated into a fractional market share, firmly entrenched in the graphics and publishing industries, while personal computers lines from Atari and Commodore faded away.  The success of the clone makers meant that the terms “personal computer” and “PC” eventually came to mean a microcomputer using a Intel microprocessor and a Microsoft operating system, not just an IBM personal computer.


Intel saw the advantages of the personal computer market and continued to push the microprocessor along the path of Moore's Law.  The 8088 was an hybrid 8/16_bit microprocessor with about 29,000 transistors.  The 16_bit Intel 80286 microprocessor, introduced in 1982, had 130,000 transistors.  The 32_bit Intel 80386 microprocessor, introduced in 1985, had 275,000 transistors.  The 32_bit Intel Pentium microprocessor, introduced in 1993, contained 3.1 million transistors.  The Pentium Pro, introduced in 1995, contained 5.5 million transistors; the Pentium II, 7.5 million transistors, and the Pentium III, released in 1999, 9.5. million transistors.  The Pentium IV, introduced in 2000, used a different technological approach and reached 42 million transistors on the microprocessor.


One of the major reasons for the success of the Intel_based personal computer is that other companies also made Intel_like chips, forcing Intel to continually compete to improve their products and keep their prices competitive.  Without this price pressure, personal computers would have certainly remained more expensive.  In the early 1980s, at the urging of IBM, Intel licensed their microprocessor designs to other computer chip manufacturers, so that IBM might have a second source to buy microprocessors from if Intel factories could not keep up with demand.  In the 1990s, after Intel moved away from licensing their products, only one competitor, Advanced Micro Devices (AMD), continued to keep the marketplace competitive.  AMD did this by moving from just licensing Intel technology, to reverse_engineering Intel microprocessors and creating their own versions.  By the early 2000s, AMD was designing different features into the microprocessors than were found in comparable Intel microprocessors and still remaining compatible.

Software Industry:


After IBM's unbundling decision in 1969, which led to the sale of software and hardware separately, the software industry grew rapidly.  In 1970, total sales of software by U.S software firms was less than half a billion dollars.  By 1980, U.S. software sales reached two billion dollars.  Most of these sales in the 1970s were in the minicomputer and mainframe computer markets.  Sales of software for personal computers completely revolutionized the software industry, dramatically driving up sales during the 1980s.  In 1982, total sales of software in the U.S. reached $10 billion; in 1985, $25 billion.  The United States dominated the new software industry, which thrived in a rough_and_tumble entrepreneurial atmosphere.


Creators of personal computer software did not come from the older software industry, but sprang out of the hobbyist and computer games communities and sold their software like consumer electronics products, in retail stores and through hobbyist magazines, not as a capital product with salespeople in suits visiting companies.  Hobbyists and gamers also demanded software that was easier to learn and easier to use for their personal computers than the business software that was found on mainframes.  This emphasis on human factors design became and important part of the software industry and eventually even affected how mainframe business software was designed.


In about 1982, as the IBM PC and its clones became dominant in the marketplace, the software market became more difficult for the young hobbyist to enter.  VisiCalc contained about 10,000 lines of programming code, something that a pair of programmers could easily manage, where Lotus 1_2_3, the product that pushed VisiCalc out of the market, contained about 400,000 lines of code, which required a team effort.  Visicalc had sold about 700,000 copies since its launch, but Lotus 1_2_3, propelled by $2.5 million in advertising, sold 850,000 copies in its first eighteen months.


As the cost of entering the software marketplace went up, an interesting alternative marketing model emerged.  Beginning in about 1983, programmers who created a useful program often offered it to other people as shareware.  This usually meant that anyone who wanted to could use the program and a donation was requested if the program proved useful.  Among the more useful programs distributed under this scheme were a word processor, PC_WRITE, a database, EASY_FILE, and a modem control program, PC_TALK.  Many minor games were also distributed as shareware.

Games:


By 1982, annual sales in the United States of computer games stood at $1.2 billion.  Computer games had their origin in mechanical pinball machines.  The first electric pinball machine was built in 1933 and later electronics were included to make the machines more sophisticated and flashier.  The first true computer game was invented by Massachusetts Institute of Technology (MIT) graduate student Steve Russell in 1962 on a Digital Equipment Corporation PDP_1.  MIT, Stanford University, and the University of Utah were all pioneers in computer graphics and one of the few places in the early 1960s where a programmer could actually use a video terminal to interact with the computer.  Russell's game, Spacewar, graphically simulated two spaceships maneuvering and firing rocket_propelled torpedoes at each other.  Using toggle switches, the users could change both the speed and direction of their ships and fire their torpedoes.  Other students added accurate stars for the background, and a sun with a gravity field that correctly influenced the motion of the spaceships.  The students also constructed their own remote controllers so that their elbows did not grow tired from using the toggle switches on the PDP_1.


Nolan Bushnell (1943_), educated at the University of Utah, played Spacewar incessantly at the university, inspiring him to write his own computer games while in school.  After graduating, Bushnell designed an arcade version of Spacewar, called Computer Space, and found a partner willing to manufacture 1,500 copies of game for the same customers that purchased pinball machines, jukeboxes, and other coin_operating machines.  Far too complex for amateurs to play, the game failed to sell.


Bushnell did not give up, but partnered with a fellow engineer to found a company called Atari in 1972.  While Bushnell worked on creating a multiplayer version of Computer Space, he hired an engineer and assigned him to create a simple version of ping_pong that could be played on a television set.  Pong became a successful arcade video game, then Bushnell in 1975 partnered with Sears to sell a version called Home Pong in their stores.  Home Pong attached to the television set at home.  The game sold wildly and Atari released its Atari 2600 in 1977, a home unit that could play many games that each came on a separate cartridge.  Though Bushnell had been forced out of the company in 1978, his dream of a commercially successful version of Spacewar was realized in 1979, when Atari released Asteroids, which became their all_time best_selling game.


Other companies also competed in the home video market, but Atari defined the home video game market in the eyes of many, until the company took awful losses in 1983 as the market for what became known as game consoles crashed.  Part of the reason for the crash was that personal computers games were becoming more popular.  Nintendo revived the game console market in 1986, and both Sega and Sony, all Japanese companies, joined the competition.  Nintendo had learned from the mistakes of Atari, and kept a tight legal and technical control over the prices of game cartridges, so that excessive competition would not drive the prices of games down so far that profit disappeared.  In the 1990s, game console systems and games for personal computers became so popular that the revenue in the game market surpassed the revenue generated by movies in Hollywood.


Games for personal computer existed from the start of the personal computer revolution, but did not became a significant market force until about the time that game consoles stumbled in 1983.  The personal computer, with a keyboard, provided a better interface for more sophisticated games, rather than just straight arcade_style games.  Games such as Adventure from Adventure International (founded 1978); Zork from Infocom (founded 1979); Lode Runner from Broderbund (founded 1980); and Frogger from Sierra Online (founded 1980), defined the memories that many new personal computer users of that period have.


In the late seventies, games called MUDs (multi_user dungeon) appeared in Britain and America.  The games were not created for commercial sale, but for fun, and ran on early networks and bulletin board systems.  Players used a text interface, making their way through dungeons, fighting monsters, and interacting with other players.


In 1997, Ultima Online, a massively multiplayer online role_playing games (MMORPG)  showed a new direction for gaming, with the graphical power and sophistication of single_user personal computer games combined with the versatility and multiplayer challenge of MUDS.  Later online games, such as Everquest and Runescape, also successfully followed Ultima Online.  South Korea, based on its heavily urban population, had over 70 percent of all households connected to the Internet via high_speed broadband connections in the early 2000s.  The online game Lineage in South Korea, released in 1998, became so popular that by 2003 nearly two million people played it every month, out of a total population of less than forty_nine million.  Lineage is a medieval fantasy epic, which seemed to be the preferred format for successful online games.

Microsoft Ascendent:


From its infant beginning offering BASIC on the Altair and other early microcomputers, Microsoft grew quickly as its executives effectively took advantage of the opportunities that the IBM PC offered.  Microsoft actively aided the growth of the PC clone market, since every IBM PC and clone required an operating system, enabling Microsoft to earn revenue on every PC sold.  Microsoft also created a single game, Flight Simulator, first released in 1983, that was so demanding of the PC's hardware and software, that running Flight Simulator became a litmus test as to whether a new clone model was truly compatible enough with the PCs from IBM.


Eventually over 100 million copies of DOS were sold.  Using the revenue from its dominant operating system, Microsoft developed further versions of DOS, and funded the development of other software packages.  The original DOS 1.0 contained only 4,000 lines of programming code.  DOS 2.0, released in 1983, contained five times that much code, and DOS 3.0, released in 1984, doubled the amount of code, reaching 40,000 lines.  From early on, Microsoft developed well_regarded compilers and other programming tools.  They also developed other types of application software, such as word processors and spreadsheets, but were not as successful in those product categories until the 1990s.


Microsoft saw the advantage of the GUI that Engelbart and PARC had invented, and developed early applications for the Apple Macintosh, though Apple was a major competitor.  Microsoft also created their own GUI for DOS, called Windows.  The first version shipped in 1985, and Microsoft soon followed that with a second version.  Both versions were truly awful products: slow, aesthetically ugly, and mostly useless except for a few programs written to use them.


DOS was a primitive operating system at best, unable to effectively multitask or even effectively manage memory above a 640 kilobyte limit.  IBM and Microsoft decided to jointly create OS/2, a next generation operating system for the PC that would include multitasking, better memory management, and many of the features that minicomputer operating systems had.  OS/2 1.0 was released in December 1987, and the second version, OS/2 1.10, released in October 1988, included a GUI called Presentation Manager.  A severe shortage of memory microchips drove up the price of RAM memory from 1986 to 1989.  In late 1988, a mere one megabyte of RAM cost about $900.  OS/2 required substantially more memory than DOS and the high costs of memory inhibited the widespread adoption of OS/2.


Even while working on OS/2 and Presentation Manager, Microsoft persisted in its own Windows efforts.  Version 3.0, released in 1990, was an astounding success, prompting pundits to argue that Microsoft took three tries to get their products right.  Two factors contributed to the success of Windows: the memory shortage had ended and more users found it easier to buy the extra memory that Windows demanded, and programmers at companies that made software applications had already been forced by the Macintosh and OS/2's Presentation Manager to learn how to program GUI programs.  This programming knowledge easily transferred to writing software for the more successful Microsoft Windows.


IBM was never able to regain any momentum for OS/2, though OS/2 had matured into a solid operating system.  When Microsoft decided to continue its Windows development efforts to the detriment of its OS/2 development efforts, Microsoft and IBM decided to sever the close partnership that had characterized the 1980s.  By this time, IBM was in deep disarray as they lost control of the PC market to the clone makers, found that PCs was becoming the dominant market segment in the computer industry, and saw the mainframe market began to contract.  IBM actually began to lose money, and lost an astounding $8.1 billion on $62.7 billion in revenue in 1993.  That year, IBM brought in a new chief executive officer from outside the company, Louis V. Gerstner, Jr. (1942_), who managed to financially turn the company around through layoffs and refocusing the business on providing services.  IBM remained the largest computer company, but never dominated the industry as it once had.  In contrast to IBM's size, Microsoft passed the one billion dollars a year in revenue mark in 1990.


Microsoft Windows was so phenomenally successful that in 1992, Microsoft actually began running television commercials, something that the computer industry rarely did, despite the example of the 1984 Apple commercial.  Television, as a mass medium, had not been used because the market for personal computers had not been a mass consumer product.  Now it was.


Windows 3.0 was not really a new operating system, just a user interface program that ran on top of DOS.  Microsoft created a new operating system, Windows NT, that contained the multitasking features, security features, and memory management that had made OS/2, UNIX, and other minicomputer operating systems so useful.  Windows NT 3.1 came out in 1993, but was not particularly successful until Window NT 4.0 came out in 1996.  Microsoft now had two Windows operating system lines, one for business users and servers, and one for home consumers.  With Windows 95, where Microsoft chose to change from version numbers based on release numbers to those based on years, Microsoft updated the consumer version of Windows.  Windows 95 was an important product because the ease of use and aesthetic appeal promised by the GUI paradigm, successfully achieved by Apple over a decade earlier, had finally been achieved by Microsoft.


Microsoft regularly produced further versions of their operating systems, adding features, demanding ever larger amounts of processor power, RAM, and disk drive space with each release.  These increasing demands promoted the sales of ever more powerful PCs, making PCs effectively obsolete within only a few years of manufacture.  The PC market in the 1990s had effectively became dominated by what became known as the Wintel alliance, a combination of the words Window and Intel.  With Window XP, released in 2001, Microsoft finally managed to merge their consumer and business operating systems into a single release, after several earlier failed attempts.


In 1983, Microsoft released Microsoft Word, their word processing software application.  At that time, products like MicroPro's WordStar and WordPerfect dominated the word processing market.  Microsoft released a version of Word for the Macintosh in 1984 and came to dominate in that market segment on the Macintosh, but Word did not threaten the success of other word processing applications on IBM PCs and PC clones until Windows 3.0 gave Microsoft developers a jump on the competition. 
In the 1990s, Microsoft utilized its position as almost sole supplier of operating systems to PCs to compete against software application companies.  Leading software products like Lotus 1_2_3, Harvard Graphics, WordPerfect, and dBase began to lose market share after Windows 3.0 changed the PC market direction from the command line DOS to the GUI Windows.  Lotus 1_2_3 3.0 and WordPerfect 5.1 were the best_selling software packages in electronic spreadsheets and word processors respectively in 1991.  Three years earlier Lotus had gross revenue that was more than Microsoft and in 1991 only slightly smaller.  By the year 2000, some version of Windows was on over 90 percent of the personal computers in the world, and in application software, Microsoft’s Excel and Word programs had replaced most of the market share once enjoyed by Lotus 1_2_3 and WordPerfect.  Microsoft aggressively entered any market that they thought might overshadow their dominance of personal computer software by possibly making personal computers less important, launching a version of Windows for personal digital assistants, Windows CE, in the late 1990s, and a game console system called the Xbox in 2001.


Microsoft battled repeated complaints and lawsuits that they unfairly used their dominance in the operating systems market segment to then dominate other software market segments.  These complaints were based on two assertions: first, that Microsoft created undocumented system calls that allowed its own applications to take special advantage of the Windows operating system.  They had also done this in DOS.  Second, that Microsoft set up special deals with personal computer manufacturers, such as Compaq, Dell, or Gateway, where Microsoft sold their operating systems at a steep discount if the computer manufacturers would also only sell the Microsoft applications software at the same time.  These OEM (original equipment manufacture) deals encouraged consumers to turn from buying their business applications software from retail stores to buying them from their computer manufacturer.  The market for retail stores offering computer software collapsed and those stores mostly disappeared during the 1990s.  The federal government twice sued Microsoft for anti_trust violations on their software distribution and pricing practices, and both times found against Microsoft, but no effective legal counter action was ever taken.


Having developed Hodgkins Disease, Allen left active participation in Microsoft in 1982.  Allen is still one of the richest men in the world, and has sponsored and invested in many endeavors, including Steven Spielberg’s Dreamworks studio, major sport teams, the Experience Music Project museum in Seattle devoted to his guitar idol Jimmy Hendrix, and the first commercially_funded piloted vehicle to reach space with aeronautical pioneer Burt Rutan’s SpaceShipOne.  In 2004, Gates was the richest man in the world, worth more than $80 billion, though he had placed a substantial part of his fortune in a philanthropic trust.

In 2004, Microsoft announced that it estimated that there were 600 million Windows PCs around the world, and expected that number to pass one billion in just six more years.  Microsoft revenues continued to set records.  In 2000, Gates resigned as chief executive officer, naming himself Chief Software Architect so that he could be more involved in the technical direction of the company and less distracted by its day to day management.  By 2004, Microsoft employed over 50,000 people, and had a total annual revenue of over $35 billion, of which over $26 billion was gross profit.  Microsoft's practice of not usually paying stock dividends meant that they had accumulated a cash reserve of $56 billion and zero debt.  The little company that Gates and Allen had founded in 1975 had grown to become one of the most profitable on the planet and part of the Dow Jones 30 Industrials, the world's most commonly quoted stock indicator. 
Chapter 6

Connections: Networking Computers Together
The Cold War:

In 1957, the engineers of the Soviet Union embarrassed the United States by launching Sputnik 1, the first artificial satellite.  This event provoked a strong political and cultural reaction in the United States__funding for education, especially science and engineering, increased, federal funds for research and development in science and technology also rose.  A space race rapidly emerged.  As a struggle of competing ideologies, the Cold War conflict between the superpowers depended as much on prestige as military power, and the United States wanted to regain its prestige as the preeminent scientific and technological power on the planet.


The Advanced Research Projects Agency (ARPA) was also formed in 1958 in response to Sputnik and the emerging space race.  As an agency of the Pentagon, the researchers at ARPA were given a generous mandate to develop innovative technologies.  Though ARPA scientists and engineers did conduct their own research, much of the effort came through funding research at universities and private corporations


In 1962, a psychologist from the Massachusetts Institute of Technology's Lincoln Laboratory, J. C. R. Licklider (1915_1990), joined ARPA to take charge of the Information Processing Techniques Office (IPTO).  Licklider's intense interest in cybernetics and "man_computer symbiosis" was driven by his belief that computers could significantly enhance the ability of humans to think and solve problems.  Licklider created a social network of like_minded scientists and engineers and wrote a famous 1963 memorandum to these friends and colleagues, called "Memorandum For Members and Affiliates of the Intergalactic Computer Network," in which he described some of his ideas for time_sharing and computer networking.  His IPTO office funded research efforts in time_sharing, graphics, artificial intelligence, and communications, laying the conceptual and technical groundwork for computer networking.

Telephones:

Networking already existed in the form of telegraphs and telephones.  Samuel F. B. Morse (1791_1872) invented the telegraph in 1844, allowing communications over a copper wire via electrical impulses that operators sent as dots and dashes.  Alexander Graham Bell (1847_1922) invented the telephone in 1877, using an analog electrical signal to send voice transmissions over wires.  Teletype systems were first patented in 1904 and allowed an automatic typewriter to receive telegraph signals and print out the message without a human operator.


In the 1950s, the United States military wanted their new SAGE computers to communicate with remote terminals, so engineers developed a teletype to send an analog electrical signal to a distant computer.  In 1958, researchers at Bell Telephone Laboratories took the next step and invented the modem, which stood for modulator_demodulator.  Modems converted digital data from a computer to an analog signal to be transmitted across phone lines, then converted that signal back into digital bits for the receiving computer to understand.  In 1962, the Bell 103, the first commercial modem, was introduced to the market by American Telephone and Telegraph (AT&T), the parent company of Bell Labs, running at 300 baud, which transmitted 300 bits per second.  Modem speed steadily increased, eventually reaching 56K in the mid_1990s.


Each computer manufacturer tended to define their own character set for both letters and numbers, even changing them from model to model, forcing programmers to convert data when transferring their files from one computer to another.  The American National Standards Institute (ANSI) defined the American Standard Code for Information Interchange (ASCII) in 1963.  This meant that the binary sequence for the letter "A" would be the same on all computers.  IBM maintained its own standard, Extended Binary_Coded Decimal Interchange Code (EBCDIC), for decades while the rest of the industry turned to ASCII, especially when networking and personal computers became more common in the 1970s.

Packet Switching:

In the early 1960s, the Polish_born electrical engineer Paul Baran (1926_), who worked for the RAND corporation, a think tank funded by the American military, faced a problem.  Simulations of an attack with nuclear weapons by the Soviet Union showed that even minor damage to the long distance phone system maintained by telephone monopoly AT&T would cripple national communications.  The telephone system that developed during the twentieth century was based on analog transmissions over lines connected to switches.  When a person made a long distance telephone call, an actual electrical circuit was created via numerous switches, in a scheme called circuit switching.


Baran had considerable experience with computers, including working on the original UNIVAC, and appreciated the value of digital electronics over analog electronics.  Baran devised a scheme of breaking signals into blocks of data to be reassembled after reaching their destination.  These blocks of data traveled through a “distributed network” where each “node,” or communication point, could independently decide which path the block of information took to the next node.  This allowed data to automatically flow around potential blockages in the network, to be reassembled into a complete message at the destination.  Baran called his scheme "hot potato" routing, because each network node would toss the message to another node rather than hold onto it.


The Pentagon and AT&T were not interested in Baran's scheme of distributed communications because it required completely revamping the technology of the national telephone system.  A British team under the direction of Donald Davies (1924_) at the British National Physical Laboratory (NPL) also independently developed a similar scheme to Baran's, which they called packet switching.  Davies and his team went further than Baran and actually implemented their ideas and by 1970 had a local area network running at the NPL that used packet switching.

ARPAnet:


In 1966, Robert Taylor (1932_), then head of the IPTO, noted that in his terminal room at the Pentagon he needed three different computer terminals to connect to three different machines in different locations around the nation.  Taylor also recognized that universities working with the IPTO needed more computing resources.  Instead of the government buying machines for each university, why not share machines?  Taylor revitalized Licklider's ideas, secured one million dollars in funding, and hired 29 year_old computer scientist Larry Roberts (1937_) to direct the creation of ARPAnet.


In 1965, Roberts, while working at MIT's Lincoln Laboratory, had supervised an ARPA_funded pilot project to have two computers communicate over a long distance.  Two computers, one in Boston, and the other in Santa Monica, California, sent messages to each other over a set of leased Western Union telephone lines.  The connection ran slowly and unreliably, but offered a direction for the future.   ARPAnet was the next logical step.  Roberts drew on the work of Baran and Davies to create a packet switched networking scheme.  While Baran was interested in a communications system that could continue to function during a nuclear war, ARPAnet was purely a research tool, not a command and control system.


Universities were reluctant share their precious computing resources and concerned about the processing load of a network on their systems.  Wesley Clark (1927_),  computer lab director at Washington University of St. Louis, proposed an Interface Message Processor (IMP), a separate smaller computer for each main computer on the network that would handle the network communication.


A small consulting firm in Cambridge, Massachusetts, Bolt Beranek and Newman (BBN), got the contract to construct the needed IMPs in December 1968.  They decided that the IMP would only handle the routing, not the transmitted data content.  As an analogy, the IMP looked only at the addresses on the envelope, not at the letter inside.  Faculty and graduate students at the host universities created host_to_host protocols and software to enable the computers to understand each other.  Because the machines did not know how to talk to each other as peers, the researchers wrote programs that fooled the computers into thinking they were talking to preexisting dumb terminals.


ARPAnet began with the installation of the first nine_hundred pound IMP, costing about $100,000 to build, in the fall of 1969 at the University of California at Los Angeles (UCLA), followed by three more nodes at the Stanford Research Institute (SRI), University of California at Santa Barbara, and the University of Utah.  Fifty kilobit per second communication lines connected each node to each other.  The first message transmitted between UCLA and SRI was “L”, “O”, “G”, the first three letters of “LOGIN,” then the system crashed.  Initial bugs were overcome and ARPAnet added an extra node every month in 1970.  BBN continued to run ARPAnet for the government, keeping the network running through round_the_clock monitoring at their network operations center.


With a network in place, ARPAnet scientists and engineers turned to using the network to get useful work done.  Transferring files and remote login were obvious and useful applications.  In 1971, ftp (file_transfer protocol) was developed.  The protocol originally required a user to authenticate themselves with a username and password, but a system of using anonymous ftp later allowed any user to download those files that had been made available for everyone.  Remote login was achieved through a variety of programs, though telnet, also developed in 1971, eventually became the standard.


Also in 1971, Ray Tomlinson (1941_), an engineer at BBN working on ARPAnet found himself working on a program called CPYNET (for copynet), designed to transfer files between computers.  He realized that CPYNET could be combined with SNDMSG, a program designed to send messages to a user on the same computer, and send messages from one computer to another.  Tomlinson did so and e_mail (electronic mail) was born.  Tomlinson also developed the address format user@computer that used the @ symbol and later became ubiquitous.  Electronic mail became what later pundits would call "the killer application" of ARPAnet, its most useful feature and its most commonly used application.


From the beginning of networking, programs had been designed to run across the network. As time when by, many of these programs used the same design structure, which became known as client_server systems.  A server program provided some service, such as a file, or e_mail, or connection to a printer, while a client program communicated with the server program so that the user could use the service.


Roberts succeeded Taylor as head of the ITPO and in 1972, Roberts arranged for a large live demonstration of ARPAnet at the International Conference on Computer Communications in Washington D.C.  None of the work on ARPAnet was classified, and the technical advances from the project were freely shared.  The vision of what was possible with networking rapidly caught the imagination of scientists and engineers in the rest of the computer field.  IBM announced their Systems Network Architecture (SNA) in 1974, which grew more complex and capable with each passing year.  Digital Equipment Corporation released their DECnet in 1975, implementing their Digital Network Architecture (DNA).  Other large computer manufacturers also created their own proprietary networking schemes.

The Beginning of Wireless Networking:
The Advanced Research Projects Agency also funded the effort by Norman Abramson (1932_) of the University of Hawaii to build AlohaNet in 1970.  In addition to being one of the earliest packet_switching networks, AlohaNet broke new ground in two more ways.  By transmitting radio signals between terminals through a satellite, AlohaNet became the first wireless network and first satellite_based computer network.  One of the first technical hurdles to such a scheme was how was the network program on a terminal know when it could send a radio signal?  If two terminals sent a signal at the same time, the signals would interfere with each other, becoming garbled, and neither would be received by other terminals.  The conventional answer was time_division multiple access (TDMA), where terminals coordinated their activity and only transmitted during their allocated time.  For instance, perhaps each terminal would each get a fraction of a second and no two terminals could use the same fraction.  The problem with this scheme was how to actually divide up the time slices and account for some terminals being used while others were off_line?  TDMA tended to become more difficult to maintain as more terminals were added to the conversation.


AlohaNet had so many terminals that TDMA was too impractical and a new scheme was developed, carrier sense multiple access with collision detection (CDMA/CD).  Under this scheme, any terminal could transmit whenever it wanted, but then listened to see if its transmission was garbled by another transmission.  If the message went through, then everything was fine and the bandwidth was now free for any other terminal to use; if the signal became garbled, then the sending terminal recognized that it had failed and waited for a random amount of time before trying the send the same message again.  This scheme, seemingly chaotic, worked well in practice as long as there were not too many terminals and traffic was low enough so that there were not too many collisions.  The scheme also allowed terminals to readily be added to and removed from the network without needing in any way to inform the other terminals about their existence.


Robert Metcalfe (1946_), a researcher at the exciting innovative Xerox Palo Alto Research Center, visited Hawaii in 1972 and studied AlohoNet for his doctoral dissertation.  Returning to Xerox, Metcalfe then developed Ethernet, using the CDMA/CD scheme running over local wire networks.  Metcalfe left Xerox to co_found 3Com in 1979, a company which successfully made Ethernet the dominant networking standard on the hardware level in the 1980s and 1990s.

TCP/IP and RFCs:
ARPAnet originally used a set of technical communications rules called the network control protocol (NCP).  NCP assumed that every main computer on the ARPAnet had identical IMP computers in front of them to take care of the networking.  All the IMP machines were built by the same people, using the same designs, minimizing the risk of incompatibilities.


This worked well, but NCP was not the only networking protocol available.  Other companies developing their own networking schemes also developed their own set of proprietary protocols.  Engineers at both BBN and the Xerox Palo Alto Research Center wanted to create a new set of network protocols that would easily enable different networks, each running their own set of unique protocols (such as NCP or SNA), to communicate with each other.  This idea, called internetworking, would allow the creation of a network of networks.


Vint Cerf (1943_) is often called the "father of the Internet."  As a graduate student he worked on the first IMP at UCLA and served as a member for the first Network Working Group that designed the software for the ARPAnet.  Bob Kahn (1938_) and Cerf first proposed TCP in 1974 to solve the problem of internetworking, and Cerf drove the further development of protocols in the 1970s. The internetworking protocol eventually split into two parts: Transport Control Protocol (TCP) and Internet Protocol (IP), which ARPAnet began to use in the late 1970s.  TCP/IP was an open protocol, publicly available to everyone, with no restrictive patents or royalty fees attached to it.


The philosophy behind Metcalfe's Ethernet heavily influenced TCP/IP.  The NCP scheme had little error correction, because it expected the IMP machines to communicate reliably.  TCP/IP could not make this assumption, and included the ability to verify that each packet had been transmitted correctly.  In order for TCP/IP to work correctly, each machine must have a unique IP address, which came in the form of four numbers, for instance, 168.192.54.213.  TCP/IP also made it simple to add and remove computers to the network, just as Ethernet could.  In July 1977, an experiment with a TCP system successfully transmitted packets via the three types of physical networks that made up ARPAnet: radio, satellite, and ground connections.  The packets began in a moving van in San Francisco, transmitted via radio, crossed the Atlantic Ocean to Norway via satellite, bounced to London, then returned to the University of Southern California, a total of 94,000 miles in transit.  This proof of concept became the norm as the ARPAnet matured.


The original team working on ARPAnet was called the Network Working Group, which evolved into the Internet Engineering Task Force (IETF) and the Internet Engineering Steering Group (IESG ).  These groups used the unique process of RFC (Requests for Comments) to facilitate and document their decisions.  The first RFC was published in 1969.  By 1989, with some 30,000 hosts connected to the Internet, one thousand RFCs had been issued.  Ten years later, millions of hosts used the Internet and over 3,000 RFCs had been reached.  The RFC process created a foundation for sustaining the open architecture of the ARPAnet/Internet, where multiple layers of protocol provided different services.  Jon Postel (1943_1998), a computer scientist with long hair and a long beard, edited the RFCs for almost thirty years before his death in 1998, a labor of love that provided a consistency to the evolution of the Internet.  The actual work of the IETF is still performed in working groups and anyone can join a working group and contribute their observations and work to the group, which will result in a new RFC.

Internet:

In the 1960s, after introducing the modem, AT&T began to develop the technology for direct digital transmission of data, avoiding the need for modems and the inefficiency that came from converting to and from analog.  A lawsuit led to the Carterphone Decision in 1968, which allowed non_AT&T data communications equipment to be attached to AT&T phone lines, spawning other companies to develop non_AT&T modem and data communications equipment.  In the 1970s, leased lines providing digital transmission of data became available, including X.25 lines based on packet switching technology.  The availability of these digital lines laid the foundation for the further spread of wide area networks (WANs).


ARPAnet was not the only large network, only the first that paved the way.  International Business Machines (IBM) funded the founding of Bitnet in 1984 as a way for large universities with IBM mainframes to network together.  Within five years, almost 500 organizations had 3,000 nodes connected to Bitnet, yet only a few years later the network had disappeared into the growing Internet.  The Listserv program first appeared on Bitnet to manage e_mail lists, allowing people to set up, in effect, private discussion groups.  These e_mail lists could either be moderated or unmoderated.  Unmoderated lists allowed anyone who wanted to join and send messages, moderated lists set up a person or persons as moderators, who controlled who could join the list and checked every e_mail that went through the list before passing them on to general membership of the list.  Moderated lists became more popular because they prevented a flood of superfluous e_mails from dominating the list and driving away members.


In 1981 the National Science Foundation (NSF) created the Computer Science Network (CSNET) to provide universities that did not have access to ARPAnet with their own network.  In 1986, the NSF sponsored the NSFNET “backbone” to connect five supercomputing centers together.  The backbone also connected ARPAnet and CSNET together.  The idea of the Internet, a network of networks, became firmly entrenched.  The open technical architecture of the Internet allowed numerous innovations to easily be grafted onto the whole, and proprietary protocols were abandoned in the 1990s as everyone moved to using TCP/IP.


As mentioned before, TCP/IP only recognizes different computers hosts by their unique IP number, such as 192.168.34.2.  People are not very good at remembering arbitrary numbers, so a system of giving computers names quickly evolved.  Each computer using TCP/IP had a file on it called "hosts" that contained entries matching the known names of other computers to their IP addresses.  These files were each maintained individually and the increasing number of computers connected to the ARPAnet/Internet created confusion.  In 1983, a Domain Name System (DNS) was created, where DNS servers kept master lists matching computer names to IP addresses.  A hierarchical naming system was also created, with computer names being attached to domain names and ending with the type of domain.  Six extensions were created:


.com _ commercial


.edu _ educational


.net _ network organization


.gov _ government 


.mil _ military


.org _ organization


When ARPAnet was dismantled in 1990, the Internet was thriving at universities and technology_oriented companies.  In 1991, the federal government lifted the restriction on the use of the Internet for commercial use.  The NSF backbone was later dismantled in 1995 when the NSF realized that commercial entities could keep the Internet running and growing on their own.  The NSF backbone had cost only 30 million dollars in federal money during its nine year life, with donations and help from IBM and MCI (a telecommunications company).  What began with four nodes in 1969 as a creation of the Cold War, became a worldwide network of networks, forming a single whole.  In early 2001, an estimated 120 million computers were connected to the Internet in every country of the world.  As a global computer network interconnecting other computer networks, the Internet provided a means of communication unprecedented in human history.

Bulletin Board Systems and Dial_up Providers:

In January 1978, when a severe snowstorm shut down the city of Chicago, two friends, Ward Christensen and Randy Suess decided to develop a system to exchange messages.  Christensen wrote the software and Suess put together the hardware, based on a homemade computer, using S_100 bus and hand_soldered connections, running the CP/M operating system.  They finished their effort in a month and called their system the Computer Bulletin Board Systems (CBBS), which allowed people to call in, post messages, and read messages.  Modems at the time were rare, but the subsequent development of cheaper modems allowed computer hobbyists to set up their own BBSs and dial into other BBSs.  Later enhancements allowed users to upload and download files, enter chat areas, or play games.  Hundreds of thousands of BBSs eventually came and went, serving as a popular communications mechanism in the 1980s and early 1990s.  A separate network connecting BBSs even emerged in the mid_1980s, called FidoNet, exchanging e_mail and discussion messages.  At its height in 1995, FidoNet connected some 50,000 BBS nodes to each other.  The coming of the public Internet in the 1990s doomed the BBS as a technology, though the social and special interest communities which had grown up around various BBS transferred their communities to the Internet.


In 1969, CompuServe began as a time_sharing service in Columbus, Ohio.  A decade later, in 1979, the company expanded to offer e_mail and simple services to home users of personal computers.  In 1980, CompuServe offered the first real_time chat service with a program called CB Simulator that allowed users to simultaneously type in messages and have the results appear on each other's screens.  From this humble beginning, what later became instant messaging was born.  In the 1980s, CompuServe built its own country_wide network, which customers could use by dialing in with a modem to connect to large banks of modems that CompuServe maintained.  CompuServe also offered the use of its network to corporations as a wide area network and expanded into Japan and Europe.  CompuServe continually expanded the offerings that its customers paid to access, such as discussion groups, content from established national newspapers and magazines, stock quotes, and even a stock_trading service.


Sears and IBM created their own online service provider in the 1980s: Prodigy, which soon had over a million subscribers.  In 1985, Steve Case (1958_), a computer enthusiast with a taste for business and entrepreneurial zeal, founded Quantum Computer Services, a BBS for users of Commodore 64 personal computers.  When Case wanted to expand and compete with the other online services, like CompuServe and Prodigy, he renamed his company, America Online (AOL), in 1989.


In 1991, after the federal government lifted the restriction on the use of the Internet for commercial use, numerous Internet Service Providers (ISP) sprang up immediately, offering access to the Internet for a monthly fee.  In 1992, the Internet included a million hosts.  Compuserve, AOL, and Prodigy began to provide access to the Internet to their customers, thus transforming these companies into instant ISPs.  CompuServe became the largest ISP in Europe.  Fueled by an aggressive marketing campaign, which included flooding the nation's mail with sign_up disks, AOL grew quickly.  America Online (AOL) reached one million subscribers in August 1994, passed two million in February 1995, and peaked at 25 million subscribers in 2000.  Over one million of those subscribers were in Germany and AOL had over five million subscribers outside the United States in 2001.  AOL grew so large that in 1997, they purchased CompuServe.  Prodigy failed to successfully make the transition to being an ISP and faded away.

Local Area Networks:

The APRAnet and later Internet were an example of wide area networks (WANs), where computers communicated across the street, across the nation, and even around the world.  In the 1970s, research at the Xerox PARC (which had led to many innovations) also led to the creation of local area networks (LANs).  A LAN is usually defined as a network for a room or a building.  Ethernet provided one of the early standards for LAN computing, though other network card technologies, such as ARCNET, also appeared.


In the early 1980s, with the new availability of large numbers of personal computers, various companies developed network operating systems (NOS), mainly to provide an easy way for users to share files and share printers.  Later, LAN_based applications based on the NOS, became available.  The most successful of these network operating systems came from Novell.  The company, founded in 1979 as Novell Data Systems, originally made computer hardware, but after the company was purchased in 1983, the new president of the company, Raymond J. Noorda (1924_), turned them towards concentrating on software.  That same year, the first version of NetWare came out.  Novell ruled the LAN NOS market, achieving almost a 70 percent share, adding ever more sophisticated features to each version of NetWare.  Novell created their own networking protocols, called IPX (Internet Packet eXchange) and SPX (Sequenced Packet eXchange), drawing on open networking standards that Xerox had published.  Eventually, in the 1990s, as the Internet became ever more pervasive, Novell also turned to supporting TCP/IP as a basic protocol in NetWare.  The dominance of NetWare rapidly declined in the late 1990s as Microsoft provided networking as a basic part of their Windows operating systems.

Usenet:
In 1979, graduate students at Duke University and the University of North Carolina wrote some simple programs to exchange messages between UNIX_based computers.  This collection of programs, called news, allowed users to post messages to a newsgroup and read messages that other users had posted to that same newsgroup.  The news program collected all the postings and then regularly exchanged them with other news programs via homemade 300_baud modems.  The students brought their project to a 1980 Usenix conference.  At that time, ARPAnet was only available to universities and research organizations who had defense_related contracts, so most universities were excluded from the network.  Because so many universities had UNIX machines, Usenix conferences allowed users to meet and exchange programs and enhancements to UNIX itself.  The students proposed that a "poor man's ARPAnet" be created, called Usenet, based on the distributing the news program and using modems to dial_up other UNIX sites.  To join Usenet, one had to just find the owner of a Usenet site who would allow you to download a daily news feed.


Usenet grew quickly, reaching 150 sites in 1981, 1,300 sites by 1985, and 11,000 sites in 1988.  A protocol was eventually developed in the early 1980s, the network news transmission protocol (NNTP), so that news reader clients could connect to news servers.  ARPAnet sites even joined Usenet because they liked the Usenet news groups.  An entire culture and community grew up around Usenet, where people posted technical questions on many aspects of programming or computing and received answers within a day from other generous users.  Usenet news discussion groups originally concentrated on technical issues, then expanded into other areas of interest.  Anyone who wanted to could create a new newsgroup, though if it did not attract any postings, the newsgroup eventually went away.  Programmers developed a way to encode binary pictures into ASCII, which could then be decoded at the other end, and picture newsgroups, including an enormous number of pornographic pictures, became a major part of the daily Usenet news feed.


  As part of the culture of Usenet, a social standard of net etiquette evolved, eventually partially codified in 1995 in RFC1855, "Netiquette Guidelines."  One such rule is that words in capital letters are the equivalent of shouting.  A set of acronyms evolved also, such as IMO for "in my opinion," or LOL for "lots of laughs," as well as some symbols, such as ":_)" for a smile and ":_(" for a frown.   Excessive and personal criticism of another person in a news group came to be called "flaming," and "flame wars" sometimes erupted, the equivalent of an on_line shouting match, with reasoned discourse abandoned in favor of name_calling.


The number of Usenet messages exploded in the 1990s, especially after AOL created a method for its millions of subscribers to access Usenet, but the usefulness of Usenet declined in proportion to the number of people using it.  The flooding of news groups with advertising messages also drove many people away, who found refuge in e_mail list servers, interactive websites, and private chat rooms.  A major component of the success of Usenet came from the fact that most people did not have access to the Internet, when that access became more common, Usenet no longer offered any serious advantages.  The etiquette standards created in Usenet have continued, being applied to BBS chat rooms, web_based chat rooms, and informal e_mail.

Gopher:


As the Internet grew ever larger in the 1980s, various schemes were advanced to make finding information content on the Internet easier.  The problem of finding content even existed on individual university campuses, and in the 1980s, various efforts were made to solve the problem on a smaller scale through campus wide information systems (CWIS).  Cornell University created their CUinfo, Iowa State created their Cynet, and Princeton created their PNN, all early effort to organize information.




Programmers at the University of Minnesota released the Gopher system in April 1991 to solve this problem.  Gopher consisted of Gopher servers holding documents and gopher clients to access the documents.  The system interface was entirely based on simple ASCII text and used a hierarchy of menus to access documents.  The creators of Gopher thought of their creation as a way to create a massive on_line library.  Anyone who wanted to could download the server software, organize their content into menus and sub_menus, and set up their own gopher server.   Pictures and other multimedia files could be found and downloaded through Gopher, but not displayed within the client.  Gopher's virtues included a lean interface and a transmission protocol that did not strain the limited network bandwidth that most users suffered from.


Gopher grew rapidly in popularity, as people on the Internet downloaded the free software and set up their own gopher servers.  Gopher software was rapidly ported to different computer models and operating systems.  Even the Clinton_Gore administration in the White House, enthusiastic to promote what they called "the information highway," announced their own gopher server on 1993.  Gopher was first application on the Internet that was easy_to_use and did not require learning a series of esoteric commands.  Users found themselves enjoying "browsing," going up and down menus to find what gems of text a new gopher server might offer.


The problem of how to find content reemerged.  All these different gopher servers were not connected in any way, though the Mother Gopher server at the University of Minnesota may or may not have links in its menus to other gopher servers.  Late in 1992, a pair of programmers at the University of Nevada at Reno, introduced Veronica.  The name came from the Archie comic book series, but in order to make the word into an acronym, they came up with Very Easy Rodent_Oriented Netwide Index to Computerized Archives.  Veronica searched the Internet for Gopher files, indexed them, and allowed users to search those indexes through a simple command_line interface.  An alternate indexing program from the University of Utah was called Jughead, again drawing on the Archie comic books.


The number of known gopher servers grew from 258 in November 1992, to over two thousand in July 1993, to almost seven thousand in April 1994.  In spring of 1993, the administration of the University of Minnesota, having financially supported the creation of Gopher, decided to recover some of their costs by introducing licensing.  The license kept gopher software free for individual use, but charged a fee for commercial users based on the size of their company.  Considerable confusion surrounded this effort and it sent a chill over the expansion of the protocol.  Meanwhile, another protocol, based on hypertext documents, had been introduced to solve the same problem as Gopher.

World Wide Web:

Tim Berners_Lee (1955_) was born in London to parents who were both mathematicians and had worked as programmers on one of the earliest computers, the Mark I at Manchester University.  He graduated with honors and a bachelor's degree in physics from Oxford University in 1976.  In 1980, he went to work at the Conseil Européen pour la Recherche Nucléaire (CERN), a nuclear research facility on the French_Swiss border, as a software developer.


The physics community at CERN used computers extensively, with data and documents scattered across a variety of different computer models, often created by different manufacturers.  Communication between the different computer systems was difficult.  A lifelong ambition to make computers easier to use encouraged Berners_Lee to create a system to allow easy access to information.  He built his system on two existing technologies: computer networking and hypertext.  Hypertext was developed in the 1960s by the development team at Stanford Research Institute led by the computer scientist Doug Engelbart (1925_) and others, based on the idea that documents should have hyperlinks in them connecting to other relevant documents, allowing a user to navigate non_sequentially through content.  The actual word hypertext was coined by Ted Nelson (1937_) in the mid_1960s.


Using a new NeXT personal computer, with its powerful state of the art programming tools, Berners_Lee created a system that delivered hypertext over a computer network using the hypertext transfer protocol (HTTP).  He simplified the technology of hypertext to create a display language that he called hypertext markup language (HTML).  The final innovation was to create a method of uniquely identifying any particular document in the world.  He used the term universal resource identifier (URI), which became universal resource location (URL).   In March 1991, Berners_Lee gave copies of his new WorldWideWeb programs, a web server and text_based web browser, to colleagues at CERN.  By that time, Internet connections at universities around the world were common, and the World Wide Web (WWW) caught on quickly as other people readily converted the necessary programs to different computer systems.


The WWW proved to be a more powerful than Gopher in that hypertext systems are more flexible that hierarchical systems and more closely emulate how people think.  Initially, Gopher had an advantage in that its documents were simple to create, just plain ASCII text files.  Creating web pages files required users to learn HTML and manually embed formatting commands into their pages.  Berners_Lee also included Gopher as one of the protocols that web browsers could access, by using gopher:// instead of http://, thus effectively incorporating Gopher in the emerging WWW.


A team of staff and students at the National Center for Supercomputing Applications at the University of Illinois at Urbana_Campaign released a graphical web browser called Mosaic in February 1993, making the WWW even easier to use.  For a time, character_mode web browsers, like Lynx, were popular, but the increasing availability of bit_mapped graphics monitors on personal computers and workstations soon moved most users to the more colorful and user_friendly graphical browsers.  The WWW made it easy to transfer text, pictures, and multimedia content from computer to computer.  Berners_Lee's original vision of the WWW included the ability for consumers to interactively modify the information that they received, though this proved technically difficult and has never been fully implemented.  The creation of HTML authoring tools made it easier for users to create web pages without fully understanding HTML syntax or commands.  This became more important as HTML underwent rapid evolution, adding new features and turning what had been relatively simple markup code into complex_looking programming code supporting tables, frames, style sheets, and Javascript.


The World Wide Web became the technology that made the Internet accessible to the masses, becoming so successful that the two terms became interchangeable in the minds of non_technical users.  Even technical users who knew that the Internet was the infrastructure and the WWW was only a protocol among many on the Internet, often used the two terms interchangeably.  Because of slow network speed, graphics_ intensive web pages could take a long time to load in the web browser, leading many to complain that WWW stood for "world wide wait."


A major key to the success of the WWW was the generosity on the part of CERN and Berners_Lee to not claim any financial royalties for the invention, unlike the misguided efforts of the University of Minnesota with their Gopher technology.  Berners_Lee moved to the Massachusetts Institute of Technology in 1994, where he became director of the World Wide Web Consortium.  This organization, under the guidance of Berners_Lee, continued to coordinate the creation of new technical standards to enable the WWW to grow in ability and power.  Several times a year, new programming standards for web pages are proposed and adopted, using a system modeled on the RFC system.


An Internet economy based on the WWW emerged in the mid_1990s, dramatically changing many categories of industries within a matter of only a few years.  Members of the original Mosaic team, including Marc Andreessen (1971_), moved to Silicon Valley in California to found Netscape Communications in April 1994 with Jim Clark (1944_).  Clark had already made a fortune from founding Silicon Graphics (SGI) in 1982, a high_end maker of UNIX computers and software used in 3_D graphics_intensive processing.  Netscape brought out one the first commercial web browsers, rapidly developing the technology by adding new features, and becoming the dominant web browser.


Bill Gates (1951_) at Microsoft recognized that the web browser had the potential to add features and grow so big as to actually take over the role of operating system.  This threatened the foundation of Microsoft's success, and Gates reacted by turning his company around from being focused on just personal computer software to an Internet_centric vision.  Before this time, Microsoft had concentrated on creating their own online service to compete with AOL and CompuServe, called Microsoft Network.  Microsoft was so tardy in understanding the Internet that their first Internet site, an file repository for customer support, was not created until early 1993.  Microsoft happened to own their own domain name only because an enterprising employee had registered it during the course of writing a TCP/IP networking program.


As part of Gates' strategy, Microsoft released their own browser, Internet Explorer (IE), offering it for free.  Early Microsoft browsers were not technically on par with Netscape, but after several years, IE became a more solid product and Microsoft made strong efforts to integrate IE into their operating system.  Doing so allowed them to leverage their monopoly in personal computer operating systems and force Netscape from the marketplace.  Netscape was sold to AOL in 1998, mostly for the value of its high_traffic web portal, Netscape.com, rather than the declining market share of its browser.  Microsoft's tactics also led to a famous anti_trust lawsuit by the federal government, which dragged on from 1997 to 2004.


Netscape's initial public offering in August 1995 turned the small company into a concern valued at several billion dollars.  This symbolized the emerging "dot_com" boom in technology stocks.  Billions of dollars of investment poured into Internet_based startups, based on the belief that the Internet was the new telegraph or railroad and those companies that established themselves first would be the ones that grew the largest.  Many young computer technologists found themselves suddenly worth millions, or even billions, of dollars.  In such an exuberant time, with speculation driving up stock prices around the world, some pundits even predicted that traditional rules of business had evolved and no longer applied.  One of the best examples of dot_com exuberance came in January 2001 when AOL completed their merger with the venerable Time_Warner media company, a deal based entirely on AOL's high stock valuation, which quickly became a financial disaster after AOL's stock value crashed.  Alas, in the end, a company must eventually turn a profit.  The dot_com boom ended in late 2000, a bursting of the stock market bubble, which caused an economic contraction and depression within the computer industry, and contributed to an economic recession in the United States.


Amidst the litter of self_destructing dot_coms, fleeing venture capitalists, and the shattered dreams of business plans, some dot_com companies did flourish.  Amazon.com established itself as the premier on_line book store, fundamentally changing how book_buying occurred.  eBay.com found a successful niche offering online auctions.  PayPal provided a secure mechanism to make large and small payments on the web.  DoubleClick flourished by providing software tools to obtain marketing data on consumers who used the WWW, and by also collecting that data themselves.  The end of the dot_com boom also dried up a lot of the money that had flowed into web_based advertising.  After the dot_com crash, the WWW and Internet continued to grow, but commerce on the web, dubbed e_commerce, grew at a slower rate, dictated by prudent business planning.

Web Search Engines:


Just as Gopher became really useful when Veronica and Jughead were created as search programs, the WWW became more useful as web crawling programs were used to create web search engines.  These programs prowled the Internet, trying to divine the purpose of web pages by using the titles of the pages, keywords inside embedded meta HTML tags, and the frequency of uncommon words in the page to determine what the page was about.  When users used a search engine, such as the early www.webcrawler.com and www.altavista.com,  a database of results from relentless webcrawling software, sometimes called spiders, returned a list of suggested websites, ranked by probable matches to the user's search words.  Early search engines became notorious for at times returning the oddest results, but they were better results than having nothing.


The other approach to indexing the web was by hand, using humans to decide what a web page was really about.  A pair of Ph.D. candidates in Electrical Engineering at Stanford University, David Filo (1966_) and Taiwanese_born Jerry Yang (1968_), created a web site called Jerry's Guide to the World Wide Web.  This list of links grew into a large farm of web links, divided into categories like a library.  In March 1995, Filo and Yang founded Yahoo! and solicited venture capitalists to fund the growth of their company.  Thirteen months later, having risen to 49 employees, their initial offering of stock earned them a fortune.  Yahoo! continued to grow, relying on a mix of links categorized by hand and automated webcrawling.


The web search engine business became extremely competitive in the late 1990s, and many of the larger search engines latched onto the idea of web portals.  Web portals wanted to be the jumping off point for users, a place that they always returned to (often setting up the portal as the default home page of their web browser) in search of information.  Web portals offered a search engine, free web_based e_mail, news of all types, and chat_based communities.  By attracting users to their web portals, the web portal companies were able to sell more web_based advertising at higher rates.


Larry Page (1971_) and the Moscow_born Sergey Brin (1973_), another pair of Stanford graduate students, collaborated on a research project called Backrub.  Backrub ranked web pages by how many other web pages on the same topic pointed to them, using the ability of the WWW to self_organize.  They also developed technologies to use a network of inexpensive personal computers running a variant of UNIX to host their search engine, an example of massively distributed computing.  In September 1998, Page and Brin founded Google, Inc.  The title google is a based on the word googol, which is the number one followed by one hundred zeros.  Google concentrated on being the best search engine in the world, and did not initially distract itself with the other services that web portals offered.  In this, Google succeeded, quickly becoming the search engine of choice among web_savvy users because its results were so accurate.  By the end of 2000, Google received more than 100 million search requests a day.  

In 2001, Google purchased the company Dejanews, which owned a copy of the content posted to Usenews since 1995, some 650 million messages in total.  This became one of the many new Google services, Google Groups.  The success of Google became apparent as a new meaning to the word rapidly emerged, its use as a transitive verb, as in "she googled the information."
