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To My Family




NOTE TO THE PAPERBACK EDITION

Any book that deals with a fast-moving subject like free software is doomed to be out of date the moment it appears. But as the first edition of Rebel Code went to press at the end of 2000, the world of open source was changing even more rapidly and dramatically than usual. The dot-com boom years were coming to an end, and the market conditions that had allowed open source companies to prosper so spectacularly were disappearing.

The late 1990s were an exciting time for the free software world, and, despite the subsequent financial turmoil, their deeper achievements have proved enduring. Rather than rewrite the history of that period to take account of the later economic downturn, I have chosen to leave the main text of Rebel Code largely unchanged to reflect an important moment in computing history. I have, however, added a short Afterword that attempts to place those events in a broader context.
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PROLOGUE

Outside, a louring Seattle sky broods over the clumps of squat white buildings scattered around an extensive campus in constant expansion. Neat lawns, assiduously tended flowerbeds, and the tidy ornamental ponds create a mood of cloistered reflection and tranquillity.

Inside, a similar calm reigns in myriad small offices where young men and women toil diligently. The silence is broken only by bursts of clattering keys; hardly a word is exchanged, as if a stern vow were in force. And yet despite a conducive environment and comforting faith, there is unease among the rooms’ inhabitants, a rising tide of something close to fear. They know that a terrible ghost is abroad in the cloisters of Microsoft.

The ghost has a name: open source. Its characteristics have been meticulously detailed by two of the company’s expert ghost-watchers in a pair of lengthy memos. Though marked “Microsoft confidential,” they surfaced outside the company and were published on the Web, suitably enough during Halloween 1998. Forced to concede that the memos did indeed originate from within the company, Microsoft dismissed them as the private speculations of a couple of engineers.

As he read the memos describing this crazy phenomenon, Bill Gates must have shuddered in recognition; it was as if a spirit from the past had tapped him on the shoulder. Gates had sought to exorcise the ghost of free software over twenty years before.

In 1976, Gates had published what he called—with what would prove deep irony—an Open Letter to Hobbyists, addressed to users of the first personal computer, the MITS Altair. Gates and Paul Allen, the other founder of Microsoft, had written a version of the Basic (Beginner’s All-Purpose Symbolic Instruction Code) language that would run on this  rudimentary machine—a considerable feat given its limited memory. Gates wrote his Open Letter to condemn what he saw as software piracy—making illegal copies of the program he and Allen had written—but which many users then regarded as part of the computer community’s long tradition of sharing useful tools.

In his tirade against the practice of passing around software, Gates thundered, “As the majority of hobbyists must be aware, most of you steal your software. Hardware must be paid for, but software is something to share. Who cares if the people who worked on it get paid?” He went on to claim that the result of such piracy is the prevention of “good software from being written.” After all, he asked rhetorically, “Who can afford to do professional work for nothing? What hobbyist can put three man-years into programming, finding all bugs, documenting his product, and distribute for free?”

As he penned these lines, Gates probably thought his arguments were unanswerable. And yet the Halloween memos, written by his own engineers, document in great detail the incontrovertible fact: There was now not just one hobbyist out there, but several thousand of them. Collectively, they were putting thousands of man-years into programming, finding bugs, documenting products, and then distributing them free, complete with the source code—that holy text that Microsoft and other software companies had withheld from profane eyes for the last twenty years.

In the light of his Open Letter to Hobbyists, the open source movement emerges as Bill Gates’ worst nightmare magnified a thousand times. Not just a few hobbyists who “steal,” but a thriving community that writes its own—excellent—code, and then gives it away. Because their actions patently do not “prevent good software from being written,” they implicitly call into question the very basis of the Microsoft Empire: If good software can be written and given away like this, who needs Microsoft or companies like it?

The appearance of the Halloween Documents, and the fundamental issues they raise, could not have come at a worse time for the company. The antitrust lawsuit brought by the U.S. Department of Justice in 1998 had, for perhaps the first time, called Microsoft’s aura of invincibility into question. The lawsuit’s existence meant that people began considering, if only theoretically, the possibility of a computing world not dominated by the Redmond giant.

That looked more plausible thanks to the continuing delays in the delivery of what Microsoft had no hesitation in branding its key enterprise product. This had formerly been known as Windows NT 5, but when the  Halloween documents were leaked it had just been renamed Windows 2000. If Windows NT 5 had arrived in 1998, companies would doubtless have been too busy adopting it to contemplate alternatives; but coupled with the antitrust lawsuit, the resulting vacuum allowed other options to be considered.

Moreover, when the company found itself faced by a public relations disaster during the antitrust trial as well as grave technical problems in delivering Windows 2000, there was an unprecedented loss of some half-a-dozen top executives—the people Microsoft most needed to resolve these problems. Even Bill Gates seemed fatally distracted by the Department of Justice’s lawsuit. His woeful videotaped testimony for the trial, in which he appeared unable to recall his own e-mail or even his key business decisions, destroyed once and for all his image as the infallible high-priest of high-tech.

At this moment, when Microsoft was at its most vulnerable, and its boss at his least admired, there appeared on the computing scene not only an alternative but a rival.

Alongside the Internet, the Halloween documents had identified the free operating system kernel Linux—pronounced “Lih-nooks”—as among the most successful examples of the open source philosophy: “Linux has been deployed in mission critical, commercial environments with an excellent pool of public testimonials,” Vinod Valloppillil, one of the memos’ authors, had noted. It also formed the nucleus of a free-software project that directly attacked Microsoft’s core product line, notably the troubled Windows 2000.

Linux had been started by a twenty-one-year-old Finnish student, Linus Torvalds, who distributed it freely, including the source code—the underlying programming instructions, which form a kind of blueprint for software. In Linus (“Lee-noose”), as he was universally known within his community, the open source movement had not only a gifted leader but an invaluable icon. Although complex but important issues of software development methodology might leave the mass media outlets cold, this modest and photogenic young man proved an immediate hit. Linus seemed to embody everything Bill Gates was not, just as open source was the antithesis of Microsoft. Linus also belied the traditional image of those who made up the open source movement.

These self-described hackers—not to be confused with the malevolent crackers who break into computer systems—have traditionally been caricatured as maladjusted youths who turn to hacking because they lack social skills and feel marginalized. And yet here was Linus Torvalds, one of the hacker princes, who not only washed regularly, kept his hair short,  and wore neat, clean clothes, but had a respectable job, was married, and was a father.

There could be no better symbol for the new generation of hackers who are turning open source into a powerful force in today’s computing world. They are the heirs of an earlier hacking culture that thrived in the 1960s and 1970s when computers were still new, a community that believed software should be shared, and that all would benefit as a result. This was the ethic that Bill Gates had lambasted in his Open Letter to Hobbyists. Microsoft and a few other key companies at the time, notably AT&T, are largely responsible for nearly extinguishing the old hacker spirit and replacing it with a view that redefined sharing software as piracy.

Thanks to the advent of relatively low-cost but powerful PCs and the global wiring of the Net, the new hackers are immeasurably more numerous, more productive, and more united than their forebears. They are linked by a common goal—writing great software—and a common code: that such software should be freely available to all. Hackers rebel against the idea that the underlying source code should be withheld. For them, these special texts are a new kind of literature that forms part of the common heritage of humanity: to be published, read, studied and even added to, not chained to desks in inaccessible monastic libraries for a few authorized adepts to handle reverently.

As a result, the open source movement poses a challenge not just to Microsoft but to the entire software industry. And perhaps beyond. For as the Internet moves ever closer to heart of the modern world, it inevitably carries with it the free programs that drive it, and seeds the values that led to their creation. Its basic code of openness, sharing, and cooperation is starting to spread outside the confines of one or two high-tech industries. Many now believe that this potent combination of the Net with open source has more than a ghost of a chance of thriving in the current post-Microsoft era.
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The Coolest Year

IF 1998 AND 1999 WERE THE WORST YEARS in Microsoft’s history, 1991, by contrast, must have been a period when Bill Gates was feeling good. Windows 3.0, launched in May 1990, was a growing success; in the first year alone, 4 million copies had been shipped, a huge number for the time. In May 1991, Microsoft launched Visual Basic, a radically new way of programming that employs visual design methods rather than traditional ones based on editing text files.

Even better, Windows 3.1 was close. Despite the point upgrade, version 3.1 represented a major advance over 3.0 in almost every way. Microsoft claimed that it contained over 1,000 enhancements. Its cool new user interface seduced almost everyone that saw it.

When Windows 3.1 shipped in June 1992, it cemented Microsoft’s dominance on the desktop. It also created a discontinuity in the software world as companies switched from DOS-based programs to those running under Windows. Microsoft was able to exploit this crossover to wrest leadership in the spreadsheet and word-processor sectors through early graphical programs such as Excel and Word.

Windows 3.1 was not the only major operating system nearing completion in 1991. Microsoft Windows New Technology, better known as Windows NT, had been started back in 1988 in a drive to create an enterprise-level operating system that would be as widely deployed in companies’ back offices as MS-DOS and then Windows were in the front offices.  The Windows NT project was headed by Dave Cutler, who had built the operating system VMS for the computer giant Digital, formerly known as DEC. VMS was a rival to Unix, another robust operating system, but was an official corporate product, unlike Unix, which had always been regarded as software for hackers. Windows NT, too, was unashamedly meant as a Unix-killer when, against expectations, Unix—not VMS—emerged as the leading enterprise operating system.

NT’s chances looked good. By the late 1980s, Unix was highly fragmented, each vendor offering a slightly different version; this meant that application software had to be rewritten many times, and that users were locked into the software of one supplier. Because Unix had also failed to embrace fully the new wave of graphical interfaces, its solutions in this area were crude when compared with the Apple Macintosh or Microsoft Windows. Windows NT, by contrast, was designed to marry the power of a VMS-like operating system with the elegance and usability of Windows 3.1.

But plenty was happening outside Microsoft’s immediate sphere of interest. In 1991, Tim Berners-Lee, a British physicist at CERN, the European Centre for Nuclear Research, released for public use a hypertext system that he had been developing over the past two years. The system, which he called the World Wide Web, ran across the Internet, then still small-scale and used mostly by academics.

Also in 1991, a new programming language called Java was being drawn up by a team at Sun Microsystems. Born originally as part of an attempt to develop an interactive set-top box for the cable TV industry, Java was later adapted for use on the Internet. An important feature of Java was portability: The same program could run without modification on a wide range of hardware, a novelty at the time.

Although the threats these developments represented at the time were negligible compared to their later impact, it is possible that Microsoft was tracking them in 1991. The Internet was well known enough, the Web was in the public domain, and Sun was a competitor whose moves were certainly watched with interest. But surely it is impossible that, in the same year, Microsoft could have had even the merest whisper of a suspicion that a key element of an equally potent challenge was about to take shape in the bedroom of a second-year computer science student in Helsinki, the capital of Finland.

As one of the most northerly capitals in the world, Helsinki is a city of seasonal extremes: dark, cold winters with only a few hours of daylight, and bright summers where the days never seem to end. Geographically, Helinski is close to Russia’s St Petersburg, and parts of it are visually similar; culturally, it has closest ties with Sweden, of which for centuries Finland formed a province. When Russia invaded and annexed Finland as part of its empire in 1809, it separated from Sweden. Finland only won full independence in 1917.

Two cathedrals form important landmarks on the eastern side of the city center. The Lutheran church possesses an elegant neo-classical exterior, but takes the form within of a huge stone shell almost devoid of ornament; the Russian Orthodox Uspensky Cathedral is a typical concoction of onion domed towers outside, and icons inside. Helsinki is compact; its low buildings and broad streets are mostly laid out on two grid systems that abut at a slight angle. Green spaces abound, and the sight and smell of the sea, which surrounds Helsinki on three sides, is never far away.

Into this ordered but individual world, Linus Benedict Torvalds was born on 28 December 1969. Linus explains the significance of this day in his culture: “It’s special in the same way most days are special—many days have some traditional meaning. December 28th is ‘menlösa barns dag,’ which means roughly ‘day of children without defects’ although ‘menlös’ is fairly old Swedish and a lot more poetic than ‘without defect.’”

The name Linus was an unusual choice: “not unheard of,” Linus explains, “but not exactly common” in Finland either. The name itself has a history that stretches back to the roots of Western civilization. It is mentioned in Homer’s Iliad in the original Greek form Linos, where it is associated with a song of mourning. There is also a St. Linus, who is traditionally listed as the second pope after St. Peter. Another famous Linus—though better-known for his last name—is the American inventor Linus Yale.

But rather than any of these, Linus was named in part after the U.S. scientist Linus Pauling, who received two Nobel Prizes: one for chemistry, and one for peace. “I think I was named equally for Linus the peanut-cartoon character,” Linus adds, and notes that this makes him “a mix of 50 percent Nobel-prize-winning chemist and blanket-carrying cartoon character.”


Torvalds is a rare surname: “There are probably something like twenty-five people in the world with that last name,” Linus says. “Torvald” is “a rather old-fashioned Nordic name,” Linus explains. “You’ll find it in Sweden and Norway. The genitive ‘s’ is unusual, an old way of turning a regular name into the name of a farmstead—and from there into a surname.” Linus explains that it was his paternal grandfather “who took the name for personal reasons, namely, that he didn’t like his family.” As a result, he says, “to my knowledge, all Torvalds in the whole world are [his] descendants.” In other words, one of the most famous names in computing is “completely made up, and not more than two generations ago.”

The Torvalds clan is notable not just for its unusually small size: A surprising number of them are journalists. Linus runs down the list: “My dad, Nils Torvalds: reporter for Finnish radio. His brother, my uncle, Jan Torvalds: Finnish TV. My paternal grandfather—the founder of the Torvalds clan, deceased—used to be a newspaper reporter, writer, and poet. My mom: Mikke (Anna) Torvalds: working at the Finnish News Agency. Used to do translations, does news graphics these days. My sister, Sara Torvalds: used to do translations for the Finnish News Agency too, but is moving more towards books and films.”

The Torvalds family formed part of the Swedish-speaking community in Finland, about 300,000 strong in a total population of 5 million. That their mother tongue has nothing in common linguistically with the Finnish language that surrounds them has doubtless helped them become a very close-knit group. Reflecting this, Swedish speakers themselves call this society within a society “Ankdammen”—the Duck Pond. One of Linus’s friends from Helsinki, future fellow hacker Lars Wirzenius, says, “Almost all Swedish-speaking people know lots of other Swedish-speaking people, who know lots of other Swedish-speaking people, and the end result is that everyone either knows everyone, or knows someone who knows someone.”

Growing up as a member of the Duck Pond, Linus spoke Swedish at home and with family friends, and only started learning Finnish when he was five. Contact with English, which would become a crucially important factor in his work, came a few years later.

It was around the same time that he first encountered a computer. Linus explains that his maternal grandfather was a statistician at Helsinki University; he bought a Commodore Vic-20 microcomputer, “one of the first ones to get on the market, at least in Finland.” He adds, “It wasn’t exactly what you’d call a number-cruncher today, but it was certainly faster than any calculator.” The speed of the processor was just 1 Megahertz (MHz), a thousandth of that of modern PCs.

Linus recalls that his grandfather “bought the Vic-20 for his own needs to do math,” but soon asked his young grandson to help. “I think my grandfather wanted me to learn, so he made me help him,” he explains. “So I started off helping him with the computer, and then I did my own stuff on the side.”

Linus recalls, “I had the Vic for five years because I couldn’t afford to upgrade. I programmed in Basic, maybe the first two years.” But Linus  soon moved on from this popular beginner’s programming language to something more demanding: assembly language.

Assembly language commands are easier for the computer to act on but harder for programmers to think in. “I kind of got used to doing stuff myself by reading books about assembly language,” he says. “I didn’t know about assemblers,” programs that make writing assembly language code easier, “so I had to do it by hand; after a few years I essentially had to upgrade because everybody else had better machines.”

Linus goes on to add another reason for buying a new computer: “I was getting to know the Vic too well.” Throughout his computing life, Linus would search for new programming challenges, but it is interesting to see this trait emerge so early.

His next machine, and the reasons for that choice, are also highly characteristic of the later Linus. “I was looking at different machines—I didn’t want a PC because I really disliked the Z80 [chip] architecture and in the PC, the chip was essentially the same,” he says. That is, he decided not to buy a PC because he disliked the design of the Intel chip family that lay at its heart—an unusual way of looking at things.

“Back then I was doing just assembly language, and I didn’t want to have anything to do with that [particular processor].” Because Linus was writing “low-level” code, which interacted directly with the chip, he was more conscious of the merits and demerits of the various chip families. Most programmers write in “high-level” languages like Basic, which effectively shield them from the details of the hardware.

As Linus himself says, he has always been a “low-level” person. There are probably two reasons for his early interest in this aspect. One was his emerging love of programming at the most fundamental level. The other is more pragmatic: “I had been a performance junkie since forever. When you had to write games for a slow 1 MHz [processor],” Linus explains, “you have to be kind of crazy and tweak cycles.” “Tweaking cycles”—getting every last drop of performance out of code—would later mean that Linux was far faster and leaner than comparable programs.

In the end, Linus chose an unusual micro for his next machine, the Sinclair QL (“Quantum Leap”). This was a typically quirky product from the British inventor Sir Clive Sinclair.

Linus had been content to put up with Sinclair’s QL—although it had some fairly obvious shortcomings—for a simple reason. The main thing he wanted, he explained, was “a machine at home that does multitasking.” Even though the Sinclair QL was in many ways a toy, it had one  very powerful feature, thanks to its choice of chip: it could run several programs simultaneously, just like commercial minicomputers.

This area of computing—multitasking—led him to start coding the simple program that would eventually turn into Linux. But this was still some years off from the time when Linus was hacking on his Sinclair QL. First, in the fall of 1988, he entered Helsinki University to study computer science, which by now already looked likely to turn from a passion into a profession.

At university, Linus found the same tendency for the two language communities in Finland to keep to themselves. His fellow student in computer science, Lars Wirzenius, comments that “at that time there weren’t very many Swedish-speaking computer science students, and those that were, were at least a couple of years older than we were.” It was therefore only natural that a pair of Swedish speakers isolated among the Finnish majority of the new intake for computer studies should gravitate towards each other.

Wirzenius recalls that the first time he met Linus, “it was one of the introductory lectures for new students.,” Wirzenius didn’t notice much of his friend that day except that “the end of his big nose tends to twitch up and down when he speaks, and it is fun to look at.” Aside from the nose, which, in truth, is not that big, little in Linus’s appearance is out of the ordinary: He is of medium height, with brown hair; his blue eyes gaze steadily from behind his glasses. Only the eyebrows, which are remarkably dark and bushy, jar slightly with the otherwise boyish face.

In an effort to meet more student members of the Duck Pond, Wirzenius and Linus joined one of the many societies that form an important element of Helsinki University’s student scene. “The club that Linus and I joined was called the Spektrum,” Wirzenius recalls, “which is the Swedish-speaking club for people who study math, computer science, physics, or chemistry.” As far as the teaching at the university was concerned, Wirzenius explains that “there isn’t actually a curriculum which says that during the first year you have to take this course and that course. The so-called academic freedom in Finland is interpreted so that students can take any course they want, mostly in whichever order they want.

“The nominal study length is five years, but most people study for six or seven years,” he continues. Alongside the main courses there were various ancillary subjects. “To get a computer science degree, you have to study a certain amount of math, and also some other subjects. Each week we got some exercises to do, and then we had small groups of people and a teacher who asked each one of us to demonstrate some of the  problems we were supposed to have solved. And if you hadn’t solved all the problems, that was OK, but you had to solve a certain amount to pass the course.

“One of these weeks, Linus—for some reason, I don’t remember—hadn’t done all his homework. So he just claimed that he had done one of the exercises that he hadn’t done—and the teacher asked him to demonstrate his solution. [Linus] walked up to the blackboard . . . and faced the problem that he claimed he had solved. Linus decides this is a simple problem, draws a couple of diagrams, and waves his hand a lot. It takes a long time for the teacher to understand that yes, this is actually a correct solution.”

According to Wirzenius, this incident was atypical in one respect: “[Linus] didn’t usually try to cheat, because he didn’t have to. He knew math well from high school, and had a sort of mathematical brain, so he didn’t have to spend much time on homework to get it done.” Wirzenius believes there is something characteristic of his friend in the way Linus handled the situation—“the attitude, the arrogance that he displayed—most people would just have acknowledged that they didn’t actually have a solution,” but Linus hates having to admit that he doesn’t know the answer.

Wirzenius says that “the arrogance he showed then is still visible” in how Linus handles challenges within the Linux community. “These days, he might claim that a certain kind of approach to a problem is the correct one, even though he hasn’t necessarily thought about all the other approaches or solutions, and then the rest of the Internet either agrees with him or tries to convince him otherwise.”

This approach works because Linus is “careful enough to not do it all the time. Most of the time when he says something, he has been thinking about it,” Wirzenius notes, and concludes: “I wouldn’t like to play poker against him. He can bluff.” Just as important, if after all the bluffing Linus is caught out and shown to be wrong, Wirzenius says, he will accept corrections with good grace, a trait that would prove crucial in managing the community of equally opinionated and able hackers that would later coalesce around him.

After the first year’s introductory course, there followed a major hiatus in their university studies. “All Finnish men are required to do either military or civil service,” Wirzenius says. “Civil service is sort of you get an ordinary job but you don’t get paid for it.” In 1989, when he and Linus were required to choose, “the shortest time to do military service was eight months [and] all civil service was sixteen months. So I figured that’s eight months too much, so let’s do the shortest possible. Actually,  the totally shortest possible way would be to refuse to do either kind of service, and then it would be six months in jail.”

Like Wirzenius, Linus, too, decided that he’d rather not spend half a year in prison. But instead of choosing the next shortest option—eight months as a simple army private—he opted for one that lasted eleven months, which was training to become a noncommissioned officer.

Of this training, Wirzenius says, “It’s sort of useful as an exercise in leadership, but a certain kind of leadership... what the army needs is group leaders who can teach their group to act almost on reflex, which was sort of scary. It’s the same kind of stuff that all armies teach.” He adds, “It’s not just a way to learn how to make reflexes, but also a way to keep a group together as a working unit even if they don’t like each other, and stuff like that.” It is hard to imagine a better description of what would be involved in coordinating the global movement of volunteers that develop Linux.

Wirzenius recalls that he and Linus didn’t see much of each other during that time even though they were both stationed in the same area of east Finland towards the end of their service; however, they made up for lost time when they were back at the university and had resumed their exploration of the computer world.

They began with a course that would have an effect not only on them—Wirzenius said that it felt “sort of like falling in love for the first time”—but on the entire history of computing. In the fall of 1990, they started using the university’s recently acquired MicroVAX system, designed by none other than Dave Cutler, at that moment busily at work on Windows NT. Wirzenius and Linus were about to discover Unix.
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The New GNU Thing

THE PROGRAM THAT CAUSED LINUS’S HEART to beat a little faster in the fall of 1990 was Digital’s Ultrix, one of the many commercial variants of the Unix operating system. Others included Sun’s Solaris, IBM’s AIX and Hewlett-Packard’s HP-UX. Despite the confusion of versions, they all derived from the original Unix system created by Ken Thompson and Dennis Ritchie at AT&T’s Bell Labs in 1969–the year Linus was born.

Peter Salus, author of A Quarter Century of Unix, generally regarded as the standard history of the operating system, explains how Unix came about: “At the beginning of 1969, there was a group of people working on a project that was MIT, AT&T Bell Labs and General Electric. The project was called Multics. In February 1969, they were several millions behind budget, they were months and months behind schedule, and the powers that be at Bell Labs decided this is never going to go anywhere, and they pulled out of the arrangement.

“And that left the not-quite half-dozen Bell employees who had been involved in the project without anything to do,” Salus continues, “but with a large number of ideas they had picked up from the cross-fertilization with GE and with MIT.” Among them were Ken Thompson and Dennis Ritchie; they decided that a “cut-down version of this incredible project could be doable for a much smaller machine” than the original project used. “The machine that the project was working on was a GE 645, and it was what you would call a large piece of iron,” Salus says.

“Dennis and Ken began plotting down some ideas on a blackboard,” he continues. “In August of ’69, Ken Thompson and his spouse had a new son and it was now almost a year old, and none of their relatives, all of whom were on the West Coast of the U.S., had seen them. So [Ken’s wife] Bonnie took their not quite one-year-old and flew to the West Coast for the month of August 1969.”

During this time, Salus says, “Ken just sat down and wrote the Unix operating system in four weeks, in assembler”–the low-level programming language that is only slightly easier to use than entering binary digits of machine code directly. “He told me it wasn’t so bad; all I could say is that was truly what Brooks would call the Mythical Man-Month–it was a real, single man-month by a man [whom] I consider probably the [greatest] master programmer I’ve ever encountered. It was quite amazing,” Salus concludes. Fred Brooks’s classic 1974 book of essays, The Mythical Man-Month, was an early and perceptive analysis of the problems of managing large software projects.

With the new Unix came a new way of thinking about operating systems. “The Unix philosophy is really very easy,” Salus says, “and consists of maybe two or three notions. The first one, which is perhaps the most innovative thing that Thompson ever thought of, is that everything is a file. Second is the notion that when you build something, no matter whether it’s an editor or whether it’s a way of attaching one file to another file, you write things that are for a single purpose but do that purpose well.”

Although the first of these would have some amusing personal consequences for Linus, it was the second element that proved key for the success of Linux. It meant that a Unix-like operating system could be built piecemeal, and that others could help with the task by working independently on some of the various components. It was even conceivable that one person alone–if exceptional enough–could put together the entire operating system if given enough time.

One such exceptional person was Richard Stallman, who labored for years to create a Unix-like system, written from scratch, that would be free. He worked alone at first; then he gradually received contributions from others, including–though neither of them knew it in 1991–Linus, whose Linux program would provide the last major piece still missing from Stallman’s huge software jigsaw puzzle.

Richard Matthew Stallman was born in New York in 1953, an only child. His father owned a printing company and his mother was a teacher. He grew up on New York’s West Side, and he thrived on the stimulation of living in a big city.

Evidence of Stallman’s self-assurance in computing matters and of his broad intellectual skills was evident from his view when he went to Harvard in 1970 that it would have been “redundant” to study computing there. “I could learn programming by doing it, and so I decided I would use my classes to learn something else. I wanted to learn as much as possible,” he says, and he chose mathematics and physics as his subjects. “I loved math,” he notes, “I used to tell people ‘Math You’ is my middle name.”

But “the joy that I had from being able to do programming and actually produce something” soon became too strong, he says. “In physics and math I could only learn things, so the pleasure of accomplishing something with the computer gradually won my interest away.” Despite this, Stallman graduated magna cum laude in physics in 1974.

Stallman was tremendously proud that the programs he wrote were “useful to some people, much more than I could feel pride in merely learning something.” This desire to do something that helped others, perhaps deriving in part from his mother’s strongly held liberal convictions, soon became one of the driving forces of his life; it would have unexpected knock-on effects in the world of software that he was only just entering.

One of the key events during his time at Harvard occurred in 1971, at the end of his freshman year, when he wandered over to the famous AI Lab. The AI Lab had become one of the world’s greatest centers for research into Artificial Intelligence (AI), which endowed computers with human-like capabilities. Dealing with the magnitude of this task required the most advanced computer technology of the time, and the AI Lab attracted some of the world’s best programmers.

Although this visit in 1971 to one of the Meccas of computing appears surprisingly delayed, Stallman didn’t find out about its existence until then. Moreover, he says, “I was sort of timid, I didn’t know anybody there, I didn’t know how they would respond to somebody like me. But eventually I summoned up the courage to go there and see what there was.”

It all proved pleasantly easy. “I went around to people, said I’d like some documentation [about their computer], and someone suggested to me, ‘Well, maybe you’d like a summer job, too.’ And they brought me over to somebody else who was a manager, who talked with me, and said, ‘OK, we’ll hire you.’” Little did he suspect it at the time, but Stallman was about to enter a kind of hacker’s paradise.

The hot-house environment created by a tightly knit bunch of great programmers inventing and exploring the new worlds opened up by  computing is vividly evoked in Steven Levy’s 1984 book Hackers. Levy describes the classic hacker life: feats of virtuoso coding that ignored minor irritations like times of the day or night; sleeping on the floor of the AI Lab when exhaustion finally won out over inspiration; the countless Chinese meals, the heated conversations, the love of word-play, the pranks. “Fun” was central to what might be considered the golden age of hacking: “We had fun writing programs, we had fun playing hacks on each other,” Stallman says. He defines the hacker spirit as “playful cleverness.”

This haven of playful cleverness lasted nearly ten years after Stallman took his summer job at the AI Lab. His work consisted of adding capabilities to the operating system for the AI Lab’s Digital PDP-10 minicomputer. The software was called ITS, the Incompatible Time-Sharing System–a conscious dig at the earlier Compatible Time-Sharing System, CTSS, which had been used to develop Multics, the progenitor of Unix. Although there was no real plan to his work–“I was just going along doing my usual ‘think up a feature and add it’ type stuff,” Stallman says–the result was one of the most famous and powerful pieces of software ever written, even if today it is little known outside programming circles. It is an editor program called Emacs, which stands for “Editing MACroS.”

In the text-based pre-graphical world that existed before the Apple Macintosh and Microsoft Windows, the editor was a fundamental program for creating and manipulating text, as central to the way people worked then as the Web browser is for the Internet age.

The previous editor on ITS was called TECO, which stood for TExt Editor and COrrector, and also referred to a language of the same name. “People no longer edited by typing TECO commands,” Stallman explains. “Instead, people wrote large collections of TECO programs called macros, and users invoked the macros.” The move to macros provided users with more immediate onscreen feedback. “Emacs was designed to synthesize the best ideas of the other editors written in TECO, and make one that would replace them and have all the best characteristics and features of all of them.”

The first Emacs was created in 1975. Initially, it was used only at MIT–“not just within the AI Lab; there were a couple of neighboring labs that used ITS also”–and Emacs ran only on ITS. A year or two later, however, “somebody ported TECO so it would work on another time-sharing system,” Stallman recalls.

“Porting” refers to the process of translating a program to work on new hardware; once TECO could run elsewhere, so could Emacs.

As well as starting the spread of Emacs throughout the wider world, this move later had other important consequences. When he sent out copies, Stallman established an “informal rule that anyone making improvements had to send them back” to him. This “informal rule,” once crystallized, would become the basis of the entire free software movement and one of the crucial factors for its success.

The reason for the informal requirement was that Stallman was sending copies to those outside the immediate hacker community at the AI Lab who “didn’t have experience of it at all; so I didn’t take for granted that they would want to share,” he says. And it had become increasingly obvious to him how important this sharing was to the very existence of the world he was so happy to be part of. “I’d thought about our way of life,” Stallman recalls. “I wasn’t the only one to think about it, but I thought more about this aspect of it than other people.”

The question of sharing, apparently incidental to the business of writing computer programs, proved central to events that ocurred in the early 1980s. These events not only ended the unique community that had flourished for so long at the AI Lab but drove Stallman to feats of programming probably never matched before or since. They also led directly to Stallman’s resolve to write a free Unix clone from scratch–single-handedly if need be.

At the center of these events was something called the Lisp Machine. The programming language Lisp (short for List Processing) is, like Emacs, little known today outside programming circles; as with Stallman’s editor, Lisp enjoys a near-mythical status within that group. Stallman describes Lisp simply as “a more powerful and elegant language than any of the others.” If Emacs was the editor of the hackers, Lisp was their language.

Because Lisp was so central to the computing research at the AI Lab, one of the key projects there had been the design of the Lisp Machine, a hardware system that was optimized for running Lisp programs. By allying the power of Lisp with the speed of dedicated hardware, a new generation of computing tasks could be tackled.

The person who had designed the Lisp Machine, Richard Greenblatt—described by Levy as “the hacker’s hacker”—wanted to found a new venture. Stallman recalls that “he wanted to make what he called a ‘hacker company,’ which would mean that it would be less controlled by management which was unfriendly to hackers than most companies, and it would have nicer policies in some way.

“One of the ideas was that they wouldn’t get outside investors,” Stallman continues, “because outside investors would insist on imposing all  the usual ways of doing things that would make it ugly. And another idea was that they wouldn’t just hire away the hackers from the [AI] Lab, but would hire them part-time, so the Lab would still have its hacker culture, and the community that we belonged to wouldn’t be wiped out.” But this vision was never realized.

“The other people [in the AI Lab] said that they didn’t trust Greenblatt to run a business,” Stallman says. As a result, a company called Symbolics was formed without Greenblatt, who, undaunted, went on to set up his own, called Lisp Machine Incorporated (LMI). But as Stallman recalls, “Symbolics had more money and hired several of the best hackers away from the Lab, and a year later they hired the rest of the hackers except for me and Greenblatt. And the result was that my community was wiped out.” Stallman is still moved when he recalls these events. His beloved Lab “felt like a ghost town,” he says. “It was desolate, and I was grief-stricken.”

Not only were his friends and colleagues leaving but he was losing ITS as a result. “At that time, the AI Lab was buying a new computer,” he says, “and there were no hackers to port ITS to it” because all the hackers had been hired away. “Everything was dying.”

This turn of events might have left Stallman in despair, but he channeled his pain into an anger that would spur him on to undertake a crusade that continues to this day. He decided to fight back in the only way he knew how: by coding. As the Symbolics development team–largely the former hackers of the AI Lab–made additions to their version of the software for the Lisp Machine, Stallman set about reproducing those same features in the version of the software that the AI Lab used.

“I had myself taken off of all mailing lists, because I wanted nothing to distract me. I knew I had to compete with a much larger army and that I would have to do the work of several people; I’d have to work in the most focused way I possibly could,” he says.

Because LMI and Symbolics both had the right to use features from the AI Lab’s software for the Lisp machine—and Symbolics already had the new features—Stallman enabled LMI to match every move of Symbolics, and so denied Symbolics any advantage from its larger team of developers.

Looking back, Stallman says that this period beginning March 1982 saw “absolutely” the most intense coding he had ever done; it probably represents one of the most sustained bouts of one-person programming in history.

“In some ways it was very comfortable because I was doing almost nothing else,” he says, “and I would go to sleep whenever I felt sleepy;  when I woke up I would go back to coding; and when I felt sleepy again I’d go to sleep again. I had nothing like a daily schedule. I’d sleep probably for a few hours one and half times a day, and it was wonderful; I felt more awake than I’ve ever felt. And I got a tremendous amount of work done [and] I did it tremendously efficiently.” Although “it was exhilarating sometimes, sometimes it was terribly wearying. It was in some ways terribly lonesome, but I kept doing it [and] I wouldn’t let anything stop me,” he says.

Stallman kept up this unprecedented feat for nearly two years. But by 1983, the situation was beginning to change. On the plus side, “LMI was getting bigger and was able to hire some programmers,” he remembers, “so I could see that LMI was going to be able to do this work for itself.” But more negatively, Symbolics had designed a new kind of Lisp machine, so “there was no hope and not much point, either, in making the MIT version of the system [software] run on those machines,” he acknowledges.

In hindsight, this situation provided an important demonstration of one of the key factors of the new way of developing programs that free software in general and Linux in particular would build on in the coming years. As Stallman explains, “I could write code, but I couldn’t test everything myself. Users had to find the bugs.” Consequently, “as the AI Lab switched over to [Symbolics’ new] machines, I would lose my ability to do the job” of producing good code for the LMI machine because nobody could test it at the Lab. “I would have been unable to continue,” he says.

This development proved a blessing in disguise. “I decided I didn’t want to just continue punishing Symbolics forever. They destroyed my community; now I [wanted] to build something to replace it,” he says. “I decided I would develop a free operating system, and in this way lay the foundation for a new community like the one that had been wiped out.”

Another important consideration in all this, he recalls, was that “the MIT Lisp Machine system was proprietary software. It was licensed by MIT to Symbolics and LMI, and I wasn’t happy with that” because the essence of proprietary software is that it cannot be shared; this stifled the formation of the kind of software community that Stallman now wished to create. Working on the MIT Lisp Machine software had in some ways revealed itself to have been a wrong turn.

Once Stallman had decided on this new course of action—creating a free operating system—he soon made “the major design decision–that we would follow Unix,” he says. In retrospect, it might have seemed the obvious choice, but at the time this was by no means the case because  Stallman knew little about the system. “I’d never used it,” he says, “I’d only read a little about it, but it seemed like it was a good, clean design [that had some] nice clean and powerful ideas.”

But the main impetus for his choice grew once again out of his experiences during the diaspora of the hacker community at the AI Lab. “Digital had discontinued the PDP-10”–the last machine on which ITS had run–“which meant that ITS was now completely unusable on any modern computer,” Stallman says. “And I didn’t want that kind of thing to happen again. The only way to prevent it from happening again was to write a portable system.”

Stallman wanted an operating system that could be easily transferred from one type of hardware to another. Because most operating systems had been conceived as the housekeeping software for one type of computer, portability was the exception rather than the rule. “Unix was, at least as far as I knew, the only portable system that really had users on different kinds of computers. So it was portable not just in theory but in actual practice,” Stallman says.

Another important reason why Stallman chose Unix as his model, he explains, was that he “decided to make the system compatible with Unix so people who had already written programs for Unix would be able to run them on this system. People who knew how to use Unix would know how to use this system without being required to learn something new.” Once again, as he had with Emacs, he was building on something that already existed, but making it better–in this case, by creating a Unix-like system that could be shared freely.

Although the project was born at this most unhappy time for Stallman, the name he chose for his new project showed a typical hacker humor. His Unix work-alike would be called GNU, an acronym that stood for “GNU’s Not Unix,” and which thus explained itself self referentially. This kind of recursion is often used as a programming technique, and applying it to words is highly popular amongst hackers.

The name GNU also proved a fruitful source of inspiration for similarly self-referential names for many of the programs that went to make up the overall GNU project. Another important virtue of Unix was that its design “consists of a lot of small pieces, often fairly small pieces,” Stallman explains; to create a Unix-like system, “what you do is you just have to write each piece. So I sat down and started writing small pieces.”

Although this makes the entire process sound disarmingly simple, writing these “small pieces” involved reproducing work that had taken hundreds of people fifteen years–an even harder task than when Stallman matched the team of programmers at Symbolics. In his fight against  that company, he was able to look at the source code–the underlying lines of programming–to help him write his own versions; but with Unix this was not an option.

“I certainly never looked at the source code of Unix,” Stallman says. “Never. I once accidentally saw a file, and when I realized it was part of Unix source code, I stopped looking at it.” The reason was simple: The source code “was a trade secret, and I didn’t want to be accused of stealing that trade secret,” he says. “I condemn trade secrecy, I think it’s an immoral practice, but for the project to succeed, I had to work within the immoral laws that existed.”

Once again Stallman had set himself an almost impossible task that would require an exhaustive dedication and sacrifice–which was perhaps part of the attraction. “I wasn’t certain I could finish the job,” he recalls, “but it wasn’t important for me to know whether I could finish the job; the point was I was going to start it.”

The GNU project formally began, in January 1984, when Stallman started working on a replacement for an obscure programmer’s tool called Yacc. One reason he chose this was “because there was a similar program available called Bison”–another typical hacker pun–“but it wasn’t compatible with Yacc; it was missing some features.” Stallman obtained permission from the author to make Bison compatible with Yacc, and in doing so, he put in place the first small stone of the GNU edifice.

Having limbered up with this relatively minor task, Stallman moved on to one of the most important. One of the key elements of a Unix system is the C compiler. Programs written in C are text files whose contents are lines of instructions following the rules of the language. Before a computer can obey the instructions contained in the source code, they must be converted into binaries–the sequence of 0s and 1s that the processor chip can understand.

This is the job of the C compiler—a kind of mediator between the source code and binaries, which is therefore an indispensable tool for every C programmer. As such, it held a particular importance for Stallman in his endeavor to create a new, freely available version of Unix. A poor C compiler might seriously damage the chances of GNU’s being taken seriously; equally, a great C compiler that was free would immediately make people sit up and take notice of the project.

Once more, Stallman tried to build on an existing program to minimize the amount of work that needed doing, and something he had heard about seemed to be perfect for the job. The Amsterdam Compiler Kit was a powerful compiler that ran on Unix and could compile not just C but most of the languages then in use. It had been written by the U.S.  academic Andrew Tanenbaum at the Free University of Amsterdam. Perhaps slightly misled by another name for the software–the Free University Compiler Kit–Stallman wrote to Tanenbaum to ask whether he could use it for his GNU project.

As Stallman recalls, “[Tanenbaum] said, ‘The university is free; the compiler isn’t. Why don’t you give up that silly idea of a free system? I’d like to have some utilities to distribute with the compiler to boost sales. Contribute some utilities to me and I’ll give you a share of the profits.’” What seemed eminently reasonable–generous even–to Tanenbaum, was an insult to Stallman, for whom proprietary software of the kind represented by the Amsterdam Compiler Kit was precisely what he was hoping to combat with his GNU project.

Tanenbaum doesn’t recall what he said exactly, but he explains why he was unable to give permission for the Amsterdam Compiler Kit (ACK) to be used by Stallman as part of GNU: “I think we may have already signed a contract to sell ACK commercially via a company in the U.S. and one in Europe,” he says. “Our research group needed that money to support graduate students, etc., and as I recall, we were already committed when he came around.”

Despite these laudable aims, Stallman saw only Tanenbaum’s refusal to aid him in his free software crusade. His response was identical to that he had made to Symbolics a few years earlier: He determined to write his own rival software that would match or beat the offending code.

In September 1984, after an unsuccessful attempt to adapt yet another compiler, Stallman returned to his most successful program so far, Emacs. The code for this new Emacs, which became known as GNU Emacs, had “nothing in common with the original Emacs, which was written in TECO,” Stallman says. And in another symbolic act of return to his AI Lab roots, he decided to rewrite most of GNU Emacs in Lisp, that “powerful and elegant language” Stallman prized so highly.

By early 1985, GNU Emacs was able to edit files, and Stallman made it available publicly. This was an important step because it represented the first time people could use and judge GNU software. Even though the free GNU operating system was almost nonexistent, people could still use Emacs: The Unix compatibility that was Stallman’s constant guide meant that GNU Emacs could run on any Unix and provide him with a huge potential constituency of users.

First, “people started asking for and writing improvements, and the result was I kept working on Emacs a lot, much longer that I’d expected to, and it ended up much better than I’d originally planned on its being,” recalls Stallman. This approach of releasing code and encouraging feedback and modifications from users, although not new–it had formed an implicit part of the entire Unix culture for years–became central to the rapid improvement of free software over the next fifteen years. Its adoption in an extreme form for the development of Linux was one of the key factors in its rapid growth and robustness.

The second consequence of making Emacs available was that Stallman could sell it on tape, the standard distribution medium before floppies; this was alongside free distribution on the Internet because at that time few people had access to this fledgling medium. As well as serving users who might otherwise find it difficult to obtain copies, selling tapes had the even more beneficial effect of giving Stallman an income. “See,” he says, “I had quit my job at MIT to start the GNU project. And the reason is I wanted to make sure that MIT would not be in a position to interfere with making GNU software free in the way I wanted to do it. I didn’t want to have to beg the MIT administration for permission to do this and then maybe they would insist on spoiling it in some way.”

To its credit, the AI Lab allowed Stallman to continue to use its computers, and to sleep in his former office at 545 Tech Square for twelve years. He was even registered to vote at that address. Stallman did retain one significant memento of those happy times: his log-in ID. To this day he signs himself “rms,” his original username for the ITS machine, and most of the hacker world knows him by these initials.

Although Stallman says that he “lived cheaply–I would have done so for the sake of this project, but I’d always lived cheaply,” money was an obvious concern in those early days of GNU. “I didn’t know at the beginning whether I would have any sources of income,” he recalls, though “for the first year I think I was paid by LMI to update some manuals from MIT.” In any case, “the point is,” he says, “I was utterly determined to do this; nothing could have intimidated me at that point.”

Fortunately, selling GNU Emacs for $150 a tape–“I just thought it would be a good price,” he explains–soon provided him with a steady income. “By the middle of the year, I was getting some eight to ten orders a month and that was enough for me to live on [although] I couldn’t have saved any money from that alone.”

With GNU Emacs out of the way, and perhaps encouraged by its reception and the money he was starting to receive from it, Stallman turned his thoughts to the other projects, including that problematic C compiler. This time, he decided he would not try to adapt a pre-existing program, but would write it all himself. It proved a hugely complex project. “It was the most challenging program I’ve ever written,” he says simply. “It’s one that required me to write plans down on paper rather than just code.”

Stallman’s general approach to coding is quite different. “I start with a sort of vague idea in my head,” he says, “and I find some part of the job I can write, and then having written one part will enable me to envision neighboring parts enough that I can write them; and then I basically go through and end up having written the whole thing.” This probably explains in part why Unix was so attractive as a model for his GNU project: Its use of many small elements meant that Stallman could “find some part of the job” he could write–a utility here, a program there–and then “basically go through and end up having written the whole thing.”

Stallman called his compiler GCC–for GNU C Compiler. Even more than GNU Emacs, it helped spread the word about the GNU project because GCC proved to be top-class software. “There was a period of a few years when GCC was pretty much the best compiler available for most of the systems it supported,” he recalls. “But that wasn’t immediate, it took a while of working on optimization before it got to be the best.” As with Emacs, this optimization was helped enormously by the comments Stallman received from users once the program was released.

The new GCC also boosted his income further. It “opened up the possibilities of commissions a lot more. People were more interested in commissioning changes in GCC, and in commissioning classes about GCC, than they were doing similar things for Emacs,” Stallman says. “I was very glad to have that source of income, especially when the Free Software Foundation was formed. I think it was October 1985; it took over from me the business of selling Emacs tapes, so I didn’t have that income any more.”

The Free Software Foundation (FSF) represented an important step forward for GNU. “When I started it out, it didn’t have the money to hire anyone. Then it had money to hire one person, and it hired one person,” he explains. “The point is just that that enabled us to do more work at the same time because there were lots and lots of programs that were missing.” Gradually, more of these programs were written, either by Stallman himself or by the growing band of FSF staff and volunteers. “In the earliest years [there were just] two or three people [helping],” he remembers; “by the later 80s, I’d expect there were somewhere between thirty and fifty people.”

Two of the other big projects were to create a shell program and a C library. A shell provides the basic interface to the operating system: “If you want to be able to type any commands, you need a shell,” says Stallman. GNU’s program is called Bash, which is short for Bourne Again Shell, a play on the Unix shell called the Bourne shell.

The C library is a chunk of auxiliary code that other programs can call. By separating out an entire set of commonly used functions in this way, user programs can be much smaller. Creating a C library for GNU was therefore a key prerequisite before the GNU operating system could run such user programs and do something useful.

Both the C library and Bash were finished around 1990, along with many other elements of the Unix operating system. Still missing, though, was in many ways the single most important program of all: the kernel. As its name suggests, the kernel sits at the very heart of the operating system. It acts as housekeeper (handling tasks such as the screen and keyboard) and judge (ensuring that all the competing calls for attention from user programs are handled correctly). Although many other programs are indispensable for a fully functional operating system–for example a C library and a shell–it is the kernel that defines its essence.

That Stallman had left the kernel until last might seem strange given its central nature. In part it was because he had been distracted by his feud with Tanenbaum and his vow that a C compiler would be one of the first programs that he wrote for his GNU system. In addition, it made sense to develop all the programming tools first so that they could then be used in the creation of the kernel.

There was another reason, however. “I was trying to bypass the hardest part of the job,” Stallman says. Debugging kernels is difficult because the standard programming tools depend on a functioning kernel. To get round this, Stallman had been on the lookout once more for suitable software that could be adapted—and he had something particular in mind: “I was looking for a microkernel,” he says.

A microkernel is a kernel that takes the idea of a small, central adjudicating piece of software to its logical conclusion; it makes all the other housekeeping tasks normally found in a kernel into programs that are controlled just like end-user applications such as word processing and spreadsheets. The pros and cons of this approach with respect to the classic all-in-one kernel–known as a monolithic kernel–form the subject of what hackers call a “religious war” between their respective adherents that rages to this day.

Stallman was interested in microkernels not for reasons of doctrine but because, he says, “that way we could avoid the job of debugging the part of the software that runs on the bare machine”–the underlying hardware. As usual, he was sensibly trying to save time and effort by taking existing code that had tackled one of the harder parts and building on it. He also thought the design provided some “nice features.”

Stallman was lucky–or so he thought at the time. “Eventually we found a microkernel that at least was supposedly already developed and working,” he says, “and we just had to write the user programs [that] do the jobs . . . normally done by parts of the kernel” to create that missing heart of the GNU operating system, which was dubbed the GNU Hurd.

Unfortunately, the microkernel he found “wasn’t already working totally reliably,” as he had believed. Moreover, eliminating all the errors from this code proved much more difficult than expected. “It turns out that the debugging environment we had was hard,” he explains. “In effect, the problem with this was it was a research project, and in general my policy was to avoid research projects [and] use tried-and-true designs, because a research project is risky. You may try out an idea and find that it doesn’t work very well. Anyway, we tried out this design, and found out that it was hard to get it finished.”

In fact, “in retrospect, it seems that developing a monolithic kernel would have been maybe faster and easier and might have been the right thing to do”–the first working version of the Hurd wasn’t released until 1996. But Stallman is philosophical about the matter: “You see,” he says, “any individual software project is just a piece of the GNU project; the GNU project isn’t fundamentally about developing this piece of software or that piece of software. GNU, like any operating system, is a collection of many programs. We wrote some, and we obtained some from elsewhere; in the end, we achieved the overall goal of a complete free system.”

As Stallman began writing the components of his GNU operating system and released them to the public, one of his primary concerns was to ensure that the programs he and his fellow coders were creating would remain free and open as they were passed on from user to user; simply putting them in the public domain would not achieve this because someone could easily come along and sell the GNU programs as proprietary products. Stallman needed to do something new and radical, namely, to draw up a software license that did not restrict the user’s rights, as most did, but that protected them.

He did this first with the GNU Emacs General Public Licence, in 1985. “I worked with a lawyer to draw it up,” he says; he had to make sure that the freedoms he was trying to perpetuate were watertight legally. Under this new “copyleft”–as opposed to copyright–users could copy the program, modify it, and sell the original or the modified versions. They could not modify the rights granted by the copyleft to any user, however; for example, software based on the program they sold had also to be freely available. Similarly, modifications they made to a copylefted program had to be copylefted–and so freely available. Furthermore, if software released under the GNU General Public Licence (GPL) were combined with proprietary (nonfree) code, the resultant combination had to be released under the GPL. In other words, the GNU GPL “converted” software it was used with to its own license, an extraordinarily clever approach to propagating freedom.

This first GNU Emacs General Public License (GPL) was followed later by a GCC GPL and a similar license for several other GNU programs. But Stallman realized that this piecemeal approach was not only inelegant (a cardinal sin among hackers) but also inconvenient because it blocked certain uses. For example, “you couldn’t take code from one [program released under a GPL license] and put it in another,” Stallman explains, “so I decided that we had better have a single license that could be used for all of them.” This was the GNU General Public License–what Stallman calls “the subroutinised license” because “you could drop it verbatim into any program and it would apply,” just as programming subroutines can be dropped into other code to save time–and boost their elegance.

Stallman’s intent in crafting the GNU GPL was to protect the newly forged liberties that his GNU software embodied. But the GNU GPL had another consequence that would prove key to the success of later free software projects such as Linux.

The freedom to modify a GNU GPL program means that the source code for copylefted software must be available: If the binaries only–the sequence of 0s and 1s–are supplied, modifying the program is impractical and therefore breaches the license. Part of the GNU GPL’s effect is therefore to ensure that the source is always available for a program; this is vital if others are to adapt and–especially–improve the program. Moreover, the GNU GPL also ensures that such improvements must be freely available, along with their source code, to enable the community as a whole to benefit from the collective advances of all users.

It also minimizes duplication of effort. Once a program carrying out a certain function is released under copyleft, others can then take this work for granted when they write similar software. There is no need to reinvent the wheel every time a particular type of program is written as is the case with commercial software.

Stallman created in the GNU GPL a kind of written constitution for the hacker world that enshrined basic assumptions about how their community should function. In doing so, he enabled that world to progress far more efficiently than it had in the past when all these “laws” were unwritten. As the use of the GNU GPL became more common, so  its power grew, because the more copylefted programs there are the greater the pool for future such programs to draw on; this eases their creation and the pool of GPL’d software grows yet further.

This enormous efficiency acted as one of the main engines in driving the free software projects on to their extraordinary successes during the 1990s. For this alone, and for his work in putting together the GNU system, the computer community’s debt to Stallman is immense.

Yet for Stallman, this emphasis on inherent efficiency misses the point about the GNU project and about the GNU GPL. His essential concern is freedom, and the GNU project a means to an end rather than an end in itself.

“The overall purpose,” Stallman explains, “is to give the users freedom by giving them free software they can use and to extend the boundaries of what you can do with entirely free software as far as possible. Because the idea of GNU is to make it possible for people to do things with their computers without accepting [the] domination of somebody else. Without letting some owner of software say, ‘I won’t let you understand how this works; I’m going to keep you helplessly dependent on me and if you share with your friends, I’ll call you a pirate and put you in jail.’

“I consider that immoral,” Stallman continues, “and I’m working to put an end to that way of life, because it’s a way of life nobody should have to be part of, and the only way you can do that is by writing a lot of software and saying to people, ‘Come, use it, share it with your friends, change it to do whatever you want it do. Join us, have fun.’ And that’s what GNU is for, it’s to give people the alternative of living in freedom, and the individual software packages like GNU Emacs and GCC or the GNU Hurd, they’re important because they’re parts of getting that larger job done.”

Stallman has not only devoted much of his time and energy to this cause, he has given his money, too. In 1990, he won a McArthur Foundation fellowship, worth somewhere in the neighborhood of $230,000, divided into quarterly installments over five years. “That was a lot more money than I need to live on, and more income than I had ever had before. Rather than spending it, I decided to invest most of it in mutual funds so that I can live on it for the rest of my life while working on free software or another worthy cause.”

He has no car: “I live in a city where you don’t need to have a car.” He rents a room: “I don’t want to own a house, I don’t want to spend a lot of money. If you spend a lot of money then you’re the slave of having to make money. The money then jerks you around, controls your life.” Stallman has never married or had children. “That takes a lot of money.  There’s only one way I could have made that money, and that is by doing what I’d be ashamed of”–writing nonfree software. “If I had been developing proprietary software, I would have been spending my life building walls to imprison people,” he believes.

Deadly serious intensity aside, Stallman also has a lively sense of humor that manifests itself in a constant stream of ideas, puns, and hackertype plays on words that courses through his conversations. His personal Web site carries a picture of him dressed as the outrageous be-toga’d Saint IGNUcius–a character he is happy to re-create in his travels around the world with his music CDs and a battered Toshiba portable as he gives talks whenever and wherever he can to spread his message.

And yet many have a different image of Stallman: It is not so much playful mock saint as implacable Old Testament prophet–a kind of geek Moses bearing the GNU GPL commandments and trying to drag his hacker tribe to the promised land of freedom whether they want to go or not. His long hair, which falls thickly to his shoulders, full beard, and intense gaze doubtless contribute to the effect.

This impression arises largely from Stallman’s ability to offend even supporters through his constant refusal to compromise. “The only reason we have a wholly free operating system is because of the movement that said we want an operating system that’s wholly free, not 90 percent free,” he says. “If you don’t have freedom as a principle, you can never see a reason not to make an exception. There are constantly going to be times when for one reason or another there’s some practical convenience in making an exception.”

He admits that sometimes he gets tired of hammering home this message over and over again, but believes he must keep on doing it, even beyond the tolerance of most of his audiences if need be. “I’m never optimistic,” he says, “I’m never sanguine. I’ve achieved a lot, but it’s not the whole job. The job is not finished.”

When will it be finished? “Well, maybe never,” he acknowledges. “In what sense is freedom ever assured for the future? People are always going to have to work to keep a free society.”

This is the real point of the self-referential GNU’s Not Unix, and of ideas like “copyleft.” For Stallman, free software matters not because software is special and deserves a special freedom; indeed, he acknowledges that “there are more important issues of freedom–the issues of freedom that everybody’s heard of are much more important than this: freedom of speech, freedom of the press, free assembly.”

Free software matters because all freedoms matter, and software happens to be the domain in which Stallman can contribute most. “I don’t  see how I could do something more important in some other area,” he says.

Stallman’s work is significant not only because it engendered many of the key elements and pioneered many of the processes that made the success of what came to be the combined GNU/Linux operating system possible but because it provides an ethical backdrop against which the entire free software and open source story is unfolding.

Stallman, too, should be seen as more than just the greatest hacker who has ever lived–which he almost certainly is. His example of unswerving dedication to lofty ideals may be too idealistic and daunting for most to follow, but it provides a yardstick of integrity against which the actions of his fellow coders, both great and not-so-great, may be judged.
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A Minor Rebellion

WHEN LINUS ENCOUNTERED UNIX in the fall of 1990, Richard Stallman’s great GNU project, begun six years before, was almost complete. The one crucial element that was still lacking, the kernel, was under development in the form of the GNU Hurd—the heart of Stallman’s operating system. For Stallman, this delay was regrettable but not serious; it was more important that most elements of his free Unix-like system were now available and that the missing piece of the puzzle was on its way. This was cold comfort for Linus, who wanted to run his own copy of Unix immediately, not in a few years’ time when the GNU Hurd was finished. The more he and Lars Wirzenius learned about Unix, the more they liked it.

Wirzenius recalls the excitement he and Linus shared as they explored this new world: “We spent a number of evenings while we talked about the exercises for the course during that fall, and we had marvelous simple contests for stuff like implementing a certain exercise in the most elegant possible way, or in some cases the shortest possible way”–classic coder games.

But their growing frustration with having to wait in line for the Unix (the only computer that ran Unix at Helsinki University supported just sixteen users at a time) led them to contemplate desperate measures. “One of the things that we discussed [was that] we might need to actually write the Unix ourselves because the commercial ones were really  expensive,” Wirzenius says, but adds, “that was a joke, especially from my side; I’m not quite as good a programmer as Linus is. It’s not something you decide–‘this week I will write an operating system.’” The jest proved truer than either could have imagined.

Fortunately, in addition to whetting his appetite for Unix, Linus’s studies that fall provided him with a way to acquire it. He recalls that “one of the course books was Operating Systems: Design and Implementation.” The book came with its own illustrative software, which was unusual. Called Minix, it had been written to teach students how an operating system worked through examining its source code. Linus found that Minix was essentially a Unix-like system that ran on a PC. He could not know then that not only would it provide him with the scaffolding for building his own PC-based Unix kernel, Linux, but it would also foreshadow many of the techniques and even much of the development history of that system.

Minix was written by the same Andrew Tanenbaum who had rebuffed Richard Stallman’s overtures in 1984 when Stallman was searching for a compiler and who provoked Stallman into writing GCC. Despite this inauspicious start, Tanenbaum says Stallman had later suggested to him that Minix could provide the missing kernel of the otherwise complete GNU system. “He approached me a couple of times,” Tanenbaum says, “but he had all these conditions; it’s got to be this, and it’s got to be that. I said ‘whoa, whoa, whoa.’ He’s kind of an abrasive person [and] it didn’t really turn me on.”

Stallman, for his part, says he has no recollection of the idea because it was so long ago, but acknowledges that that the discussions could have taken place.

Had Tanenbaum said yes to Stallman’s proposal, the history of computing would have been very different. Linus emphasized later that “if the GNU kernel had been ready”–for example, through a form of Minix–when he was casting around for his own copy of Unix, “I’d not have bothered to even start my [Linux] project.” But Tanenbaum said no, and instead of nipping Linux in the bud, Minix played a fundamental role in helping it germinate and flower.

After his studies at MIT as an undergraduate, and at the University of California at Berkeley as a graduate student, Tanenbaum joined the computer science faculty at the Free University of Amsterdam in 1971; he became a professor there in 1980.

In 1979, ten years after Unix was first created, Version 7 of the system was released by AT&T. Version 7 was of note for several reasons; for example, it was the first Unix to be ported to (translated for use on) an Intel processor, the 8086, a slightly more powerful version of the 8088 chip later used in the first IBM PC. Xenix, as it was called, was the joint project of two companies. One was The Santa Cruz Operation, better known today as SCO (and later the owner of Unix). The other was Microsoft. It is little known today that one year before Microsoft had launched MS-DOS in 1981, it had already brought out a PC version of Unix. But the existence of Xenix, never a popular product, makes the current challenge from systems based around Linux piquant, to say the least.

Tanenbaum was more affected by another significant change from Version 6. “The license said fairly clearly [that] the source code shall not be made available to students,” Tanenbaum recalls. “Period. Nothing. None. Zero.” Version 7 represented the symbolic closing of Unix inside the black box of proprietary software—a sad end to what had long been the ultimate student hacker’s system.

From an educational viewpoint, the ban on discussing Unix’s source code was unsatisfactory. “Between 1979 and 1984 I stopped teaching practical Unix at all and went back to theory,” Tanenbaum says. He realized that the only way to make something comparable available to his students “was to write an operating system on my own that would be system-call compatible with Unix”—that is, working in exactly the same way—“but which was my own code, not using any AT&T code at all.”

When Tanenbaum began Minix in 1984—just as Stallman started work on GNU—he decided that it would be compatible with Unix, but also that, as he puts it, “while I was at it, let’s design it right.” This offers an interesting contrast to Stallman’s approach, where the emphasis was on the free availability of what he wrote, not on how he wrote it. Tanenbaum’s “designing it right” in this context meant in part using a microkernel–although as Tanenbaum is quick to point out, “I decided to make a microkernel long before anybody had heard of microkernels.” In fact, he says, “I think Minix may have been the first.”

As a result, “the basic kernel is very, very simple,” although this did not mean that completing Minix was easy: “It was thousands and thousands of hours [to get it working]; it’s not a trivial matter,” Tanenbaum explains. He wrote Minix at home in the evenings.

Writing a new operating system is difficult, one reason Stallman searched for an existing microkernel system that he could use. Tanenbaum recalls that “debugging any kernel on flaky hardware which you don’t really understand well is horrible. I almost gave up the project a couple of times. I had bugs that I just couldn’t find.” The difficulty was caused in part because the hardware he was working with had undocumented features and strange bugs that depended on the temperature of  some of the chips. Tanenbaum would have definitively abandoned the entire effort had not a chance remark by one of his students explained the problem.

Eventually, in 1986, after two years’ hard work, he had a system that was ready for others to use. “I put out a note on the Net saying I was doing this, and then I got some people to help me.” Things really changed when Tanenbaum created a new Usenet newsgroup to go with the software, which was released with the book he had written to explain his system to students. “The book and the software came out together, it was’87,” Tanenbaum recalls. “At that point, the newsgroup started and went crazy–it was like 40,000 people within a month. It had at least the same enthusiasm that Linux has now,” he notes.

What had begun as a personal project “to make it possible to teach students how operating systems work, and to illustrate it by a simple and straightforward example,” as Tanenbaum puts it, had tapped into something much bigger and hitherto unsuspected in the computer community.

Minix was an instant success, Tanenbaum says, because it was “Unix with source code for the PC, which required minimal hardware and had a book describing how it worked. Nobody had done anything like that before. It wasn’t free, but almost–$59, $69–but that was like fourteen discs or something, which was almost the manufacturing cost.”

There was another reason the hacker community took up Minix with such alacrity: “Although I said it 10,000 times, ‘this is an educational system,’ many people saw it as the answer to their [programming] prayers.”

From the beginning, Tanenbaum says, “in the newsgroup I was getting two hundred messages a day, and there were two hundred emails a day asking for adjustments, saying ‘I want this, I need that.’”

Tanenbaum refused to give in to their demands. “I was afraid the system code would get hairier and hairier and bigger and bigger,” he says. “It wouldn’t run on this minimal hardware, which I wanted for the students, and it would be too hard to explain. I didn’t want a 10,000-page listing at the back [of the accompanying book].”

Tanenbaum did make some changes, however. “The basic criteria were [that] if there was a huge amount of yelling for it, and [it] was relatively simple to do and didn’t muck up the structure of the system much, then to do it,” he explains. “If there wasn’t much demand, or it was really hairy, and it changed the system radically, don’t do it.”

As a result, Minix did evolve, although more slowly than many of its users wanted. “There was a whole bunch of new releases,” Tanenbaum says. “There wasn’t a calendar in the sense that it must be every six  months; there was certain new stuff and at some point I said, ‘Gee, there’s enough new stuff that warrants a new version. It’s stable and it’s been tested by a lot of people on the Net; it’s a working version.’ Then at that point it was worth putting up a new version on the floppy disk.” Minix was also ported to chips other than the 8088 found in the original PC, including the Intel 80386 processor.

The arrival of the 80386 chip, and the gradual fall in price of systems using it, proved a key development for Linus. “The 386 was a lot better than any of the previous chips,” he recalled later. Moreover, Linus says, “from the Tanenbaum book I knew that you could get Unix for a PC. So that’s when I actually broke down and got a PC,”–something he had been loath to do before.

Because of the way the Finnish university education system is funded, Linus was in luck. Says Wirzenius, “The Finnish government gives money to students and also backs student loans that the students take from banks. The money is supposed to be used for food and housing, but also for stuff needed for studies. Linus managed to get a student loan, which he could use for buying the computer since he was living with his mother–so he didn’t have to spend as much money on living.” The debt was finally paid off in November 1992.
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