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Abstract

THE ART OF CODE
Maurice J. Black

Vicki Mahaffey

The Art of Code originates at the nexus of literature’s and computing culture’s related but
distinct aesthetic systems. Arguing that software’s increasing abstraction from hardware has
defined computer programming practices for the last half-century, this dissertation shows how
that abstraction has shaped the aesthetics, politics, and professional culture of programming.
Specifically, the dissertation examines how some programmers have adopted a literary approach
to coding, describing carefully crafted code as “beautiful,” “elegant,” “expressive,” and “poetic™;
writing and reading programs as literary texts; and even producing hybrid artifacts that are at once
poems and programs. The project has two central goals: first, to show how identifiably linguistic
sensibilities have influenced programming theory and culture; second, to show how programming
theory, as a body of knowledge that thinks deeply about the semantics and organization of
textual structures, can contribute to the project of literary study. As such, the dissertation’s
three chapters work together to provide both an aesthetic history of computing culture and a
related analysis of how programming aesthetics can inform modem criticsm. Chapter One
outlines a range of historical, technological, philosophical, political, and legal conceptions of
what software is, focusing on how those conceptions have shaped our ideas about how software

should be written, distributed, and protected. Chapter Two discusses the aesthetic history of code,

examining the importance of the literary ideal to programming culture. Chapter Three examines



the intersections between modern programming theory and the authorial practices employed by
James Joyce, arguing that understanding computer programming as a literary technique, a mode
of writing with inherent artistic capabilities, enables a powerful re-imagining of the complex
linguistic and structural experiments Joyce conducts in Finnegans Wake. Concluding with a
reconsideration of Martin Heidegger’s conceptions of rechné and poiésis, The Art of Code aims to
initiate philosophical inquiry into the complex, dynamic interrelationship between the semantics of

computer programming and of literature.
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Introduction



Larry and Andy Wachowski's 1999 film The Matrix presents a world, some two hundred years
from the present, that has been reduced by its own technological self-indulgence to a shattered,
blackened shell of itself, a stark, ruined landscape filled with the burnt stumps of skyscrapers and
overhung by roiling, scorched skies. In its vision of an earth destroyed by humanity’s war against
its own too-human machines, The Matrix belongs to a post-apocalyptic tradition that includes

H. G. Wells’s Time Mackine, Franklin Schaffner’s Planet of the Apes, and Ridley Scott’s Blade
Runner—but with one important difference. In Wells’s fiction and in recent film, the fantasy of a
devastated future is rendered as an unrecognizable alienation from our own comfortable present. In
Planet of the Apes, for example, the main character assumes he has crash-landed on a primitive
planet, and the full horror of his situation is revealed only at the end: it is not until he stumbles
across a half-buried, defaced Statue of Liberty that he realizes the desolate place he has discovered
is the Earth of the future. In The Matrix, by contrast, post-apocalyptic ruination is largely hidden
from sight by an eponymous software application so powerful and complex that it is capable of
(re)generating reality itself.

People living in the Matrix do not realize that their lives are programmed to seem to be real:
that is the nature of the Matrix, to simulate “reality” so thoroughly that the fact of that simulation
ceases to be recognizable as such. Nor do people living in the Matrix realize that their bodies have
been turned into the batteries that power the Matrix along: that is the purpose of the Matrix, to
keep itself up and running by hamessing the whole energy of humankind. In its fantasy of a
post-apocalyptic world programmed to look and feel exactly like 1999, The Matrix brings the
tradition inaugurated by Wells full circle. Whereas Wells dreamt of a machine that would allow
people to travel back and forth through time, The Matrix envisions a program that prevents people
from seeing that time itself has run out. Whereas Wells depicted a weirdly regressive future
populated by creepy mutants, The Matrix depicts a weirdly familiar future populated by ourselves.
In the one, crucial differences between us and them, now and then, what is and what might be

are maintained in the moment of flirting with their disappearance. In the other, there are no



differences: The Matrix does not ask us to consider what might happen somedayj; it asks us to
consider whether we are already in the Matrix.

Through the trope of the non-existent future, then, The Matrix is really fantasizing about the
present. On one level, this is so obvious it hardly needs saying: it’s hard not to notice that a
story about a world decimated by computers that have become too smart for our own good is a
story that is running on the worried excitement animating our confused, impassioned debates
about cyberspace and artificial intelligence. On another level, though, the manner of the film's
engagement with the present moment is far from obvious: if you’re unfamiliar with the history of
computing, it’s hard to notice that The Matrix is as much in love with digital technology as it is
anxious about it. Indeed, its seemingly technophobic story about a world decimated by computers
is also a story about how computer programmers can save the world.

In The Matrix, it isn’t whether you compute that matters—the film knows better than to
propose an unworkable distinction between technophiles who plug in and technophobes who
don’t—but how you compute. In a world where electronic neuronal implants collapse meaningful
distinctions between experiential and virtual reality, no life is untouched by computers; instead,
people are differentiated by how well they understand the computing code that quite literally
shapes their lives. Indeed, the film's “good guys,” the small band of rebel programmers who hope
to free the human race from enslavement, are the people who have made themselves responsible
for understanding how the Matrix works. Their programming skill is such that they can not only
conceptualize how an enormous virtual reality generator such as the Matrix could be created, but
they can also see through the aesthetic illusions the Matrix generates and into the computing code
that underpins it. The rebel hackers keep an eye on the Matrix by sitting in front of screens that
scroll endless columns of green, luminous code; in turn, their eyes automatically translate that code
into the virtual reality it projects: buildings, streets, people, and so on. As the rebels become more
adept at reading, understanding, and translating the Matrix’s code, they learn to move, work, and
fight more effectively within the hallucinatory structure the program generates. The film’s action
thus moves fluidly between two interconnected and competing realities: the illusory facade of the

virtual Matrix and the barren, desolate world underpinning it. In the former, invisible computing



code is the agent of coercive domination,; in the latter, reading and “hacking” visible code becomes
a means of resistance and liberation.

I begin this study with The Matrix because the film’s handling of computing code and computer
programming, although steeped in science fiction convention, is not all futuristic fantasy. In fact,
by making the visibility of computer code the site of a political struggle for human freedom, The
Matrix imports as a central structural element a charged computing debate that is by now more
than a quarter-century old: corporate interests in keeping software source code secret versus a
grassroots libertarian programming philosophy that historians and anthropologists of computing
culture have called the “hacker ethic.” As explained by writers such as Steven Levy, Eric Raymond,
and Pekka Himanen, the hacker ethic evolved as the discipline of programming itself evolved,
effectively becoming an underground constitution governing the writing and distribution of
computer programs. The hacker ethic argues that program source code should circulate freely and
openly among programmers and computer users, and that corporations and courts should not
attempt to restrict that free circulation by means of patents, copyrights, trade secrets, or other
technical or legal mechanisms. Indeed, the alliance The Matrix draws between visible, open code
and the future of human liberty strongly resonates with arguments about computing code advanced
by programming activists such as Richard Stallman, founder of the Free Software Foundation, and
legal theorists such as Lawrence Lessig, author of books outlining the intersection of constitutional
law and computing architecture. Given the ubiquity of computing technology in the twenty-first
century Western world, Stallman, Lessig, and others argue that corporate or governmental
restrictions on code—particularly software companies’ proprietary “blackboxing” practices and
governments’ willingness to legislate and enforce restrictive intellectual property laws—are so
far-reaching that they have the potential to erode not only the freedom of programmers but the
very liberal tradition itself. Specifically, they contend that to withhold code from users infringes
on freedoms that are essential to truly liberal societies: Lessig speaks of how closed computing
architectures are simultaneously architectures of control that ignore the democratic ideal; Stallman
speaks more locally, focusing on how blackboxing infringes on the user’s freedom of expression:

blackboxed code is code that the reader may neither read nor adapt to his needs. So unrelenting



are Stallman and Lessig on this point that their efforts to defend liberal ideals for the digital age
resonate strongly with Friedrich Hayek’s rationale for writing his Constitution of Liberty: “If old
truths are to retain their hold on men’s minds, they must be restated in the language and concepts of
successive generations” (1). Defenders of free software have in this regard modemized the classic
defense of liberty, upgrading its rhetoric and reach for our digital age. Although the chapters that
follow focus on programming literary aesthetics, they must by necessity take into account these
intimately related political and ethical struggles for programming freedom.'

The Matrix dramatizes these debates about programming freedom when it centers on a
hacker named Neo, a sort of digitized Christ figure who is given the unenviable job of redeeming
humankind from the evil posed by unacknowledged, unseen code. When a cellular phone call from
an underground resistance movement informs him that he is “The One” who can save the world,
Neo responds with a self-doubt and an epistemological incredulity that prevail through most of the
film. His insecurity and skepticism only lift when Neo, during a climactic battle with the Agents
who program, patrol, and protect the Matrix, finally begins to comprehend the nature of the
electronic simulation that surrounds him, an epiphany the film records through Neo’s eyes as the
moment he learns to see past the program’s projected reality and into its underlying source code.
This understanding, and the confidence that comes with it, translates immediately into absolute
mastery of the dominating system. One moment, an unenlightened Neo’s life is in danger of

being snuffed out by his own residual belief in Matrix-generated reality (though his body is not

!Concerning itself specifically with corporate and legal restrictions on computing source
code, this study foregoes extensive discussion of electronic civil liberties issues. It should be
noted, however, that legislation governing matters such as digital copyright or strong encryption
technology can seriously inhibit programmers’ attempts to write, publish, and circulate code.
Forbidding any attempt to circumvent electronic copyright protection on digital media, the Digital
Millennium Copyright Act explicitly prevents certain kinds of program from being written. In
2001, the FBI jailed Russian programmer Dimitri Skylarov, who had written a program for
circumventing copy-protection on electronic books, and held him in United States custody for five
months—even though Skylarov had written his program in Russia and had not broken any United
States laws. For a detailed discussion of recent digital copyright legislation, see Marcia Wilbur’s
book The Digital Millennium Copyright Act. For an excellent history of the struggles between
computer hackers and the U.S. Federal government over the regulation of strong encryption
technology, see Steven Levy’s Crypto: How the Code Rebels Beat the Government—Saving
Privacy in the Digital Age.



really “there,” given that the rebels project themselves into the Matrix by plugging their minds
temporarily into the program’s virtual reality, he will die if his mind believes he has been killed);
the next moment, a newly empowered Neo defeats the forces of evil with one hand while his eyes
process the bright green code surging all around him. In The Matrix, domination originates in
inaccessible source code: the Matrix owns those who can’t, or won’t, familiarize themselves with
it. Likewise, the only way to defeat the Matrix is to access and reprogram its source code. The
film's message is clear: the victim of the future is the complacent luddite who doesn’t think twice
about depending on machines whose inner workings are a mystery; the savior is the hacker, the

individual whose complex passion for programming forms the basis of an entire ethical system.?

2The convoluted history of the word “hacker” deserves some clarification at this point. Until
the mid-1980s, “hacker” indicated a skillful, talented, and dedicated computer programmer; this
is how Steven Levy uses the word in his laudatory 1984 book Hackers: Heroes of the Computer
Revolution. The word acquired negative connotations when mid-1980s journalists adopted it to
describe teenage pranksters and rogue programmers who put their computer skills to malicious
or criminal use. Real hackers, trying to preserve the purity of their terminology, coined the term
“cracker” to describe these computer pranksters and criminals; the neologism hints most obviously
at safe-cracking, but, true to the habitual wordplay of hacker culture, also conjures the image
of a boastful, lying braggart (a Renaissance usage). The Jargon File, a glossary of computing
terminology developed collaboratively across the ARPANET in the early 1970s and still maintained
today, quotes Shakespeare’s King John to make this point clear: “What cracker is this same that
deafs our ears / With this abundance of superfluous breath?” (Act I, Scene ii). Despite these efforts,
the neologism largely failed to catch on, and the negative connotation of “hacker” remains the
dominant one in popular use today. Attitudes toward the term vary, even within computing culture.
Finnish programmer Linus Torvalds, creator of the Linux operating system kemnel, notes that “I
usually try to avoid the term ‘hacker.’ In personal conversations with technical people, I would
probably call myself a hacker. But lately the term has come to mean something else: underage
kids who have nothing better to do than sit around electronically breaking into corporate data
centers” (Torvalds 122). However, in exploring programming history, culture, and ethics, writers
such as Eric Raymond and Pekka Himanen have recently tried to restore the term to its original
dignified implications: for them, it signifies programming skill, technical mastery, and adherence
to the programmers’ code of honor known as the “hacker ethic.” I also use the term “hacker”
in this dissertation in this way, to skilled programmers for whom the act, and art, of computer
programming is imbued with a self-consciously ethical and aesthetic purpose.



Although The Matrix provides a useful analogical framework for beginning to think through issues
in computing culture, any appeal to the film for the truth of programming politics must end with an
admission of the glossy, aestheticized vision the film puts forth. The way The Matrix reformulates
the history of hackers’ struggle against proprietary code—turning it into a series of carefully
choreographed martial arts battles between a stylish and ethnically diverse band of rebel men and
women and a homogeneous group of white male Agents uniformly outfitted in reflective shades
and dark business suits—is expressly and literally fantastic. The very act of reading, understanding,
and reprogramming code is similarly imbued with science-fiction convention, so much so that the
film depicts mere attentive human eyes performing the translation between executing application
and underlying source code. If you spend enough time watching glowing hexadecimal characters
scrolling on a screen, The Matrix suggests, you will naturally acquire, just as a child acquires
language, the ability to make sense of what looks at first to be a mass of jumbled signs. In the
real world, as subsequent chapters will make clear, acquiring access to the source code that
underpins computing applications is a vastly more difficult, more complex, and more politically
and economically fraught process. That said, however, The Matrix’s sleek and stylized portrayal of
computing programmers’ desperate bid for human freedom makes the film an ideal entry point to a
study of computing code’s aesthetics. Positioning computer programming as a means of stylized
resistance to crude, ugly domination, the film ultimately values a particularly artistic attitude to the
work of coding: this attitude is revealed in the film when the rebel hackers deride the Matrix for
its ugly glitches or admire their own programming handiwork in the illegitimate and subterfugal
additions they make to its structure. Highlighting the “applied aesthetic” that has historically been
a foundational element of programming practice, the film ultimately draws parallels between the
aesthetic and political trends in computing programming history that will be central to this study.
More specifically, The Matrix focuses its computer programming aesthetic by picking up on
another practice common in computing culture—the tendency to understand writing code as a

process akin to writing literature.



Relying heavily on literary and theoretical allusions to interpret for the lay viewer the
technological and epistemological struggles it depicts, The Matrix figures two books into its
structure: Jean Baudrillard’s Simulations and Lewis Carroll’s Alice s Adventures in Wonderland.
The first appears as a hollow book: when not grinding away in a cubicle at a giant software
corporation, Neo runs a black market sideline in illicit software, copies of which he stores inside a
box that looks like Baudrillard’s text. The second appears as a series of guiding metaphors. The
resistance movement first gets Neo’s attention by breaking into his home computer and advising
him to “follow the white rabbit”; later, when Neo has to decide between joining the resistance
or just going home, Morpheus, the movement’s leader, explains that living within the Matrix’s
virtual reality entails self-consciously accepting a view of life as literature: “You take the blue
pill and the story ends,” he tells Neo; “You wake in your bed and you believe whatever you want
to believe ... You take the red pill and you stay in Wonderland and [ show you how deep the
rabbit-hole goes.” In The Matrix, Baudrillard’s Simulations is itself a simulation, a fake book about
fakery in a world so perfectly fabricated that it can readily absorb the very theories that ought to
debunk it. Conversely, The Matrix sees Alice’s Adventures in Wonderland not as a story about a
dreamed reality, but as a frame of reference for reality itself: when Neo goes down the rabbit-hole,
he falls into the truth about the world. That truth, however, is the truth of simulation. One of the
first things Morpheus says to Neo when he introduces the young hacker to the simulated nature of
Matrix-generated reality is “Welcome to the desert of the real,” a quotation from Baudrillard’s
Simulations. The film thus unfurls by way of a double indebtedness to its oddly matched pair of
muses, a stammering Victorian mathematician with a penchant for building logical problems into
children’s dreamscapes, and a postmodernist, postcapitalist French theorist best known for his
provocative theses about how Disneyworld, television, and other virtual realities have come to
supplant objective reality. The reason for The Matrix’s dependence on literary and literary critical
models quickly becomes clear: at its most basic level, Matrix-generated reality is itself text, a
vast web of code that, in its two-dimensional incarnation, can be viewed, read, interpreted, and
analyzed. Only a literary sensibility, Morpheus implies, will allow Neo to inhabit, and finally

master, that incarcerating textual world; only a literary sensibility will allow him to understand



computing code as a flexible language that can be reshaped and rewritten to the ends of freedom
rather than domination.

The Matrix’s subtie dependence on literary metaphor draws upon the embedded relationship
between computing code and literary aesthetics that will be the focus of this dissertation. The Art
of Code will argue that aesthetics, specifically textual aesthetics, has constituted a foundational
element of programming practice and culture ever since the mid-1950s, when compiler technology
began to enable translations between higher-level programming languages and machine code.
These developments freed computer operators from the laborious, mathematically intensive work
of writing computer programs directly in binary or hexadecimal machine code; they also coincided
with a shift toward electronic business data processing that created a new class of computing
professional: the programmer. No longer reliant upon the expertise of trained mathematicians
and engineers, corporations hired workers who demonstrated an aptitude for working with new
high-level languages such as FORTRAN or COBOL. Crafting their professional identity around
computers, yet lacking the formal mathematical or engineering training considered de rigeur in
computing’s earliest years, these new programmers came to shape their professional identities
around their work with high-level languages. From the computing industry’s rapid expansion, then,
came a burgeoning computing culture with its own traditions, its own politics, and its own finely
honed sense of aesthetics. As writers such as Steven Levy, Eric Raymond, Glyn Moody, and Pekka
Himanen have repeatedly stressed, computer programmers from the 1950s onward began to
regard themselves embodying a radically divided identity: they were artists as much as engineers,
bohemians as much as corporate workers. Understanding their programs as carefully crafted texts
that are as much for reading as for running, programmers have historically relied heavily on
traditional aesthetic ideals of formal elegance, crisp and creative expression, striking originality,
local precision, and gorgeous overall effect to guide their work.

This understanding of code as an aesthetic artifact partly explains programmers’ longstanding

impulse to share their code openly rather than hiding it in proprietary, inaccessible binary formats.

3Binary code will work on computers but is indecipherable to the human reader. I will explore
the technical and political ramifications of binary-only code distribution in Chapter One.

9



In the foreword to Donald Rosenberg’s Open Source: The Unauthorized White Papers, Linux
programmer Jon Hall writes that he once lacked a concrete understanding of why programmers
willingly gave away their software source code; then it struck him that the aesthetics of code
itself constituted a powerful motivation—or, as he puts it, “Very few amateur painters put their
paintings in a dark closet” (xi). Just as painters exhibit their work to others and benefit from
critical commentary on it, programmers improve their skill by offering their code for critique and
by studying the programs written by their more accomplished and talented peers. Although Hall
draws his analogy from the visual arts, programmers more commonly seek a formal mastery of
language; in fact, so firm are the associations between programming skill and linguistic elegance
that Eric Raymond advises aspiring hackers to work on their language skills as well as their
programming skills, encouraging them to develop their facility with puns and wordplay alongside
their understanding of programming theory and languages (246). Among masterful programmers,
one set of compositional skills begets the other; writing code is to them as syntactically demanding
and as potentially inspiring as writing poetry is to a poet. In fact, for many expert programmers,
producing line after line of elegant, expressive code is not only analogous to writing a perfectly
structured sonnet or a flawlessly balanced iambic couplet; programming is itself a poetic
undertaking. Throughout this study I will argue that programmers’ approach to their work
represents a merger of aesthetic sensibilities that challenges conventional distinctions between the
work of the programmer and that of the poet.

The Art of Code finds its inspiration at the nexus of literature’s and computing culture’s
related but distinct aesthetic systems. In the chapters that follow, I seek not only to untangle the
complicated knot that they form, but also to show how important it is to both cultures to identify
the strands within the knot. It will thus be my goal in this dissertation to aestheticize the work
of computer programmers in a very different way than does The Matrix. | strive here not to
impose a trendy postmodern paradigm onto computer programming practice, nor to define a new
“cyberaesthetic™ for the digital era, but rather to examine from a literary perspective an aesthetic
that has always been deeply embedded in computer programming culture and that can be regarded

as foundational to it. In exploring this merger of aesthetic sensibilities, this dissertation will study
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the emergence of programming aesthetics during the 1950s, will discuss how those aesthetics took
on specifically literary connotations in ensuing decades, and will analyze the implications of
programming aesthetics for critical and theoretical debates within literary studies. The project
has five central goals: first, to show how revolutions in computing architecture and programming
methodology have shaped and refined the aesthetics of code; second, to outline a responsible
historiography of code (an undertaking that involves challenging how cultural and literary
theorists have appropriated code and used it metaphorically in ways that systematically ignore
the history, culture, and aesthetics of programming culture); third, to show how an identifiably
literary aesthetic emerged as part of programming practice, and to show how that aesthetic came to
depend on theories of authorship and models of close reading that, at least until recently, were
regarded as essential to the literary critical enterprise; fourth, to show how a literary appreciation
of programming aesthetics not only allows for a sophisticated literary theoretical understanding
of programming history but advances our understanding of literary form itself (I focus here on
the late expenimental writings of James Joyce); and fifth, to show how, in developing alternative
concepts of authorship, and in making the “beauty” of code into a powerfully motivating political
force, programming aesthetics challenge the current tendency among professional literary scholars
to regard “the literary” and “the aesthetic™ as mere agents of false consciousness, as naive
mystifications that shelter dominant ideologies from literary theory’s radical critique.

This study thus aims to supplement, to historicize, and to extend debates on computing
technology as they are currently conducted within the humanities, particularly within departments
of language and literature. In doing so, it takes a field—computer programming—that has recently
fallen under the purview of cultural theory, and resituates it within the realm of traditional literary
study. There are compelling methodological reasons for such an undertaking. First, the past
decade has seen a series of impassioned and extraordinarily polarized debates about the impact
of electronic textualities, digital archives, the Internet, and other computer-mediated phenomena
on everything from the future of scholarly work to the very fabric of human identity. I argue that
these debates, refracted as they have been through the polarized and hyperbolic rhetoric of the

“culture wars,” have failed to import into literary studies a solid understanding of computing or
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programming history; as such, this study will attempt to counteract and correct some prevailing
distortions that continue to shape the theoretical reception of computers within the humanities.
Specifically, [ wish to argue that literary scholars have overlooked the deep literary affiliations
embedded in the history and art of computer programming; when they do invoke computing
code, it serves merely as a convenient synecdoche for all manner of radical and transgressive
political and aesthetic agendas. Acting as a counterweight to these approaches, this study insists
that theoretical generalizations about code, about the political effects of “digital culture,” and
about the ontological nature of “‘cyberspace” must ultimately be rooted in an understanding

of how computers, computer programs, and computing networks actually function. In other
words, to understand the progressive technical and cultural abstractions that have been built atop
computing hardware and software, one must also understand the underlying mechanisms of those
electronic and coded systems and appreciate the technical and cultural histories underpinning their
construction. Second, I contend in this study that traditional textual hermeneutics is simply an
indispensable tool for understanding programmers’ aesthetic conception of what code is and
about what writing code means. As such, a founding conviction of this project is that a nuanced,
historically informed, and genuinely interdisciplinary understanding of our evolving technological
landscape has been further impoverished by cultural critics’ recent virulent reaction against
traditional text-based hermeneutic approaches. However, because programmers often understood
their code as an art form, and, more often than not, as a literary art form, it is a strange irony of
the history that [ trace that the text-based hermeneutic strategies so frequently derided by cultural
theorists as politically retrograde and theoretically naive simply provide the most progressive and
illuminating tools available for articulating the special aesthetic valences of programming practice.
Rather than aligning the computer with the emergence of the postmodern condition, an assumption
that animates many literary theorists’ interests in computing, I suggest that a responsible theoretical
investigation of code’s history and aesthetics brings the computer closer to a modernist sensibility
than a postmodern one. The trajectory of the dissertation, which begins with the earliest attempts
to program digital computers in the 1940s and ends with a comparative study of programming

theory and Joyce’s authorial evolution, is designed to reflect that theoretical realignment.
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The dissertation is divided into three chapters, which work together to provide an aesthetic
history of computing culture, an analysis of how the literary idea has structured the history
of programming practice, and a related analysis of how an understanding of the computer
programmer’s special relationship to literary aesthetics can serve to inform the project of modem
literary critical analysis. To ground this project theoretically and historically, the dissertation
begins by tracing competing, and often conflicting, ways of situating software within a wider
cultural framework. This work is necessary because software’s cultural history has been almost
entirely neglected by academic computing historians, who have focused the bulk of their efforts on
computing’s mathematical and engineering prehistory and on the early construction of computers
before and during World War II; and by computer scientists, whose historical efforts have been
devoted primarily to documenting exhaustively the technical intricacies of the many different
programming languages that emerged onto the computing scene from the 1940s onward. What
we lack at present are comprehensive and synthetic cultural histories of code, histories that could
provide a sound historiographical basis for the study of code’s literary aesthetics. In outlining
existing approaches to computing’s history, my goal in this chapter is not necessarily to privilege
one mode of investigation over another, but to highlight the inadequacies of various approaches
and to argue for a more informed, more genuinely interdisciplinary approach to code’s convoluted
and complex history and ontology. As such, I concentrate on tightly intertwined and constantly
shifting historical, technological, philosophical, political, and legal conceptions of what software is
and has been, focusing particularly on how those conceptions have shaped our ideas about how
software should be written, distributed, and protected. While contributing to the self-contained
argument of Chapter One, these sections also provide essential background material for the theses
about programming practice that I will explore elsewhere in this study.

My goal in the first sections of Chapter One is to concentrate on the histories of computing
architecture, programming methodology, and software economics to outline the complex

interconnections among technical innovation, evolving corporate structures, and the cultures that
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have grown up around computer programming over the last half century. Beginning with the
intense digital computing research conducted during World War I1, I focus mostly on architectural
and methodological developments in the United States. At the University of Pennsylvania’s Moore
School of Engineering in the mid-1940s, a team of engineers and mathematicians collaborated

to build one of the first large-scale programmable digital computers, a machine known as
ENIAC. My focus here is less on the physical construction of early computers (this history has
been documented extensively by computing historians) than on the conceptual architecture
developed in parallel with ENIAC that has come to define modern computing, a theoretical model
commonly known today as the “von Neumann” or “stored program” architecture. Showing how
computer programming history can be understood as a history of progressive abstraction from both
computing hardware and the foundational binary code that computers natively “understand,” the
first section of the chapter explores both how this stored program architecture enabled computing
hardware and software to become distinctly separate entities and how it allowed the creation of the
high-leve! programming languages that divided computer programs according to their closeness
to their human author (high-level source code) or the computers that run them (low-level binary
code). In short, I argue that the architectural and methodological revolutions of the 1940s and
1950s uitimately abstracted code into language, and that that crucial abstraction both shaped the
identity of programmers (as writers) and set the stage for future political battles over defining code
and defining the nature of software authorship.

The layered relationships among high-level source code, low-level binary code, and computing
hardware, coupled with the software sharing traditions that arose among programmers and
corporations during the 1950s, enabled rapid early advances in computer programming theory and
practice. In turn, these early decades saw computer programmers, members of a new professional
discipline nestled uncomfortably between the authoritative, established fields of mathematics and
electrical engineering, establish strong internal cultural traditions that came to define the practice
and craft of writing software. As programmers differentiated themselves from mathematicians
and engineers and came to understand themselves as writers, as skilled manipulators of language

and syntax, the uninhibited, unregulated exchange of code became enshrined as a core tenet of
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their grassroots ethic. This ethic ensured a high degree of openness between programmers and
corporations; in turn, this spirit of co-operative code sharing helped the nascent programming
profession to grow and flourish at an extraordinarily rapid rate. This was one way in which the
architecture of computing hardware and software helped shape the operative aesthetic models and
political conditions under which early programmers worked. However, alternative economic

and political ramifications of the von Neumann architecture emerged in the 1970s to threaten

the libertarian traditions developed within early programming culture. I discuss the corporate
and economic background to that shift, describing how computer programs, understood until

the mid-1960s as “value-added” enhancements to expensive and fragile hardware installations,
became commercial products in their own right as hardware dropped radically in cost during the
late 1960s and 1970s. As the economic status of software changed, it became clear that stored
program hardware architectures could enforce secrecy and closure just as easily as they had
previously enabled openness and cooperation. The chapter analyzes how the establishment of a
defined software industry in the 1970s led corporations to exploit the economic potential of the
stored-program architecture, using that architecture’s enabling internal division of programs into
source and object code to protect their products from unauthorized duplication, appropriation, and
alteration. This process, called “blackboxing,” was an affront to the traditions of free information
exchange established over the first three decades of programming culture, and some programmers
have struggled ever since to keep code free and open, even as corporations and courts have invoked
technological methods and legal mechanisms designed to protect source code from disclosure and
free exchange. I discuss some programming movements that arose in response to this corporate
and legal clampdown (and to the profit motives driving that clampdown), and outline the various
pragmatic, ethical, and aesthetic rationales that underpin their actions.

The chapter then considers an alternative approach to computing code’s cultural history,
discussing the theoretical, ideological work that the computer performs in contemporary literary
and cultural studies. In this section I argue that while programmers and computing scientists
have imposed layers of theoretical abstraction upon computing hardware to aid their work in

programming and controlling computers, cultural theorists have imposed an additional layer

15



of metaphysical abstraction upon the computer, one that works to advance explicit ideological
agendas. “Cyberspace,” as this abstraction has become known, serves as a consensual utopian
geography where cultural studies’ enduring political preoccupations (including, but not limited to,
race, class, gender, power, and embodiment) can find a more or less ideal resolution. Reading a
series of choice cybertheoretical texts, [ discuss how code circulates in the “integrated circuit”
(the phrase is Donna Haraway’s) of cultural theory as a metaphoric means of theorizing the future
of subjectivity, race, gender, society, and even reality itself. | argue that using the computer as a
platform for this metaphysical and political utopia not only displaces engagement with the real
conditions surrounding the writing, refining, circulating, and even marketing of software at the
turn of the century, but works against a responsible scholarly analysis of code’s literary aesthetics.
My aim will be to preserve the ideal of more closely integrating computing and literary histories
while differentiating the fantasies propounded by cybertheory from the realities cybertheory
ignores. Turning to the writings of legal theorist Lawrence Lessig, I argue for models of computing
abstraction that are more historically, ideologically, and aesthetically responsible. Lessig’s
investigations into code’s political and technological architectures will allow me to argue for a
“layered” model of cyberspace that respects the history outlined in the chapter’s earlier sections
while opening the possibility for a developed literary aesthetics of code.

Drawing upon the historiographical and methodological framework outlined in Chapter One,
my second chapter develops the aesthetic history of code further, examining the importance of
the literary ideal to programmers and to programming culture. The chapter first discusses the
specifically literary turn within programming history and culture, showing how literary philosophy
became an influential element of programming theory (for instance, the preeminent computer
scientist Donald Knuth, whose magisterial Art of Computer Programming is a definitive reference
for programmers, has frequently stated his belief that programming is as much a literary art as it
is a mathematical or engineering process). The chapter’s second section studies an area where
the literary status of code is hotly contested: the ongoing legal debates about the applicability of
patent and copyright law to computing code. At the core of this debate, one finds a contentious

ongoing argument about what code is, about how it functions, and about whether writing code
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constitutes an act of engineering or a mode of creative expression. In one sense, code is a utilitarian
component in a machine; code exists so that computers can perform work. But code, because of
the complex abstractions enabled by the von Neumann architecture, is also a textual entity, written
by programmers in defined high-level languages. Confounding traditional distinctions between the
expressive and the utilitarian, the creative and the functional, code ultimately challenges the very
metaphysical basis of intellectual property law.

The chapter’s first two sections propose that the complex ontological blurring that emerges
from these legal debates signals the need for literary critics to recognize and understand the literary
sensibility that has helped shape programming history. The chapter’s remaining sections explore
that literary sensibility by analyzing three central episodes in the history of code as a literary,
artistic artifact. First, [ will demonstrate how a “literary” practice of close reading code has been
central to shaping programming culture and practice. From Ken Thompson, co-creator of UNIX,
who formed a UNIX “reading group” at the University of California, Berkeley, in 1975, to John
Lions, an Australian computer science professor whose 1977 annotated critical edition of Unix
Version 6 became a textbook for his programming course, to Daniel Bovet and Marco Cesati,
who recently published a book encouraging people to close read the Linux kernel’s source code,
programmers have built strong literary and literary critical values into their notions of teaching,
leaming, and sharing the art and science of computer code. I further this discussion by examining a
second central episode in code’s literary history: Donald Knuth’s “literate programming” system
of computer programming. Explicitly exhorting programmers to understand writing programs
as a new way of writing literature, Knuth designed his literate programming method so that
programmers could closely integrate the compilation of source code with its publication. In
a literate programming system, a programmer/author’s completed source code becomes both an
executable binary intended for use in a computer system and an annotated critical edition intended
for traditional publication on paper. To this end, Knuth included in the literate programming
system his TgX digital typography program, a piece of software that incorporates not only Knuth’s
ideas about the aesthetics and philosophy of programming but his exhaustive, meticulous research

into the history of print culture. The orientation of literate programming, then, is to encourage
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programmers to become authors, to see as the final product of their effort not only a working
program but a beautiful published edition of their writing. Moving on from literate programming,
the chapter’s final section focuses on “Perl poetry,” a poetic genre created by Perl programmers

in the early 1990s. Combining close attention to poetic form with equally close attention to the
parameters of the Perl programming language, Perl poets such as Sharon Hopkins strive to produce
texts that are at one and the same time literary artifacts and working programs. In their close
integration of coding practice and poetics, literate programming and Perl poetry exemplify and
celebrate the “art of code.”

Building on these discussions of code’s literary dimensions, Chapter Three examines a series
of telling intersections between modern programming theory and the models of literary authorship
employed by James Joyce. The chapter begins by outlining the engineering metaphors that Joyce
frequently used to describe his late authorial practices and by showing how critics’ manipulation
and extension of those metaphors has culminated in a critical vision of Joyce as a “software
engineer.” In an attempt to concretize those engineering and computing metaphors and show
how they can work as more than vague analogies, the chapter suggests that deep structural
affinities exist between Joyce’s late authorial processes and a sophisticated, complex paradigm
known as object-oriented programming that has dominated programming theory for the past two
decades. My argument in this chapter is that an understanding of computer programming as
a literary technique, a mode of writing with inherent aesthetic capabilities, enables a powerful
re-imagining of the complex linguistic and structural experiments Joyce conducts in Finnegans
Wake. Specifically, | want to suggest that contemporary programming theory can enable us to build
upon and revise the structural models of Finnegans Wake developed by Joyceans such as Clive
Hart, A. Walton Litz, and David Hayman. Although the chapter initially proceeds in an analogical,
formalist manner, it ends by historicizing the connections between Joyce and object-oriented
programming. Finally, tracing the roots of the object-oriented paradigm to modemist theories
of child psychology, the chapter concludes by studying how Joyce’s conceptualization of the
Wake intersects with his lifelong deliberations about how children think and learn. The purpose

of historicizing these theoretical claims about Joyce is to argue for a conception of computer
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programming that is deeply indebted to modemist ideals of authorship and, in turn, to propose
the need for further historical and theoretical work situating modern computer programming in
relation to the modernist tradition.

The conclusion to The Art of Code draws together many of the dissertation’s concems in a
reconsideration of Martin Heidegger’s technological aesthetics. This reconsideration responds
to post-Heideggerian theorists of technology such as Hubert Dreyfus and Albert Borgmann, for
whom Heidegger’s technological speculations (in “The Question Concerning Technology” and
other texts) have licensed a profoundly reactionary aesthetic stance toward modern computing
systems. Although Drefyus, Borgmann, and others envision technology’s detrimental impact
on core societal values (Borgmann’s recent Holding on to Reality reinforces the idea that
computing technology has set us on a Matrix-like course toward ontological oblivion), [ argue
in the conclusion that Heidegger is concerned less with technology per se than with the impact
of technology upon traditional aesthetic values. What the rational, mechanistic twentieth
century lacks, per Heidegger’s philosophical diagnosis, is a sense of historical and ontological
groundedness—hence Heidegger both romanticizes a Rhine valley peasant lifestyle that he sees
as continuous with Ancient Greek ontology and valorizes aesthetic celebrations that understand
language itself as part of a larger philosophical return to origins. Extending Heidegger’s
aesthetic analysis to the models of computer programming practice explored within the body
of the dissertation, the conclusion argues that computer programming practice lends itself to
Heideggerian analysis as an area where poiésis self-consciously “presences forth™ from within
technology; programmers’ approaches to their work thus question the readings of Heidegger that
underlie pessimistic speculations such as Borgmann’s. While the conclusion cannot do justice to
the vast body of philosophical work on the nature of technology, it does suggest the need to situate
Heidegger much more carefully in relation to technological aesthetics, particularly in relation to
the literary poetics of programming with which this dissertation is concemned.

In the last analysis, The Art of Code offers a comparative history of recent developments in
literary and computing cultures. Recent decades have seen the explicit politicization of both

literary critical and computing cultures, although their respective politicizations have taken effect
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in very different ways and for very different reasons. The first has demonstrated its political
commitments by all but abandoning literature and aesthetics as its subject matter (witness the rise
of new historicism, cultural studies, cultural matenialism, body criticism, and a related assortment
of expressly political methodologies that increasingly disregard literary subject matter) and even
by demonstrating its loss of faith in aesthetics through its reification of ugliness at the level of
critical style and choice of subject matter—with the goal of transgressing and destabilizing the
literary canon for political effect, cultural theorists now turn with ready alacrity to subjects such as
madness, torture, pain, monstrosity, pornography, and disease. Computing culture, on the other
hand, has adopted a traditional model of literary aesthetics as a means of effecting change, finding
political utility and social value in the well-crafted product that is at once entirely usable and
wholly beautiful to contemplate. The distinctions are clearly evident in the respective disciplines’
discourses: whereas terms such as “elegant” and “beautiful” circulate freely in computer culture to
describe well-crafted code, elegance, beauty and all their synonyms have been effectively exiled
from the vocabulary of literary and cultural theory, where their use now signifies only the presence
of theoretical naivete and ideological mystification. The point of the comparison is threefold: first,
to question literary criticism’s deliberate equation of aesthetics and of “traditional” literary value
with irresponsibly apolitical, even reactionary, theoretical stances; second, to reclaim the traditional
close-reading methodologies of literary scholarship as powerful tools for technological analysis
and political critique; and third, to show how necessary computing knowledge is to a responsible
literary and cultural studies—both as part of textual transmission and cultural formation and as

an increasingly important part of literary history. The Art of Code is both frankly polemical

and openly hopeful: the hope of the polemic is to forge productive, informed bridges between

the semantics of computer programming and of literature, and to open new ground for debate on
the complex, dynamic interrelationship between politics and aesthetics. Because the aim of the
dissertation is finally to open new fields of inquiry, it is often more suggestive than definitive,
covering more territory rather than less so that I can ask broader and ultimately more pressing

questions about the history and future of literary and technological aesthetics.
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Chapter 1

Crossed Wires: Historiographies of
Code

21



For all its enigmatically opaque symbolism, Stanley Kubrick’s 200/: A Space Odyssey
(1968) reflects an ideal of clarity that was dear to the heart of 1960s programming philosophy:
that humans and digital computers could one day interact through the transparent medium of
ordinary conversational English. Instead of laboriously entering arcane commands via a teletype
terminal, the standard human—computer interface at the time the film was made, Kubrick’s
astronauts communicate with their mainframe computer HAL as if HAL were another human
being on board: speaking to the computer, they conduct maintenance checks with it, even play
chess against it. Moreover, Kubrick extends HAL's perceptive powers beyond mere speech
comprehension: when the astronauts attempt to talk privately in a space pod about HAL’s
dangerously literal interpretation of its programmed instructions, the computer “overhears” their
conversation by reading their lips. A film in which computers are capable of comprehending
speech—and even of lipreading—Ilooks to be a fantastic, if potentially Orwellian, vision for a
far-distant future; nonetheless, dismissing Kubrick as a technophobic reactionary would ignore the
complexity and sophistication of his response to computing technology. While Kubrick shares
with contemporary figures such as Hubert Drefyus a profound distrust of artificially generated
intelligences, 2001 : A Space Odyssey also reveals his deep interest in the debates, pursuits, and
ambitions of 1950s and 1960s computing culture and theory.

On the surface, Kubrick’s film feeds a paranoid technophobic vision of intelligent machinery
run amok: the film derives much of its suspense and terror from the combination of HAL's ability
to understand spoken instructions and its programmed inclination to interpret those instructions
absolutely literally. Emphasizing the destructive capacity of a pure, logical intelligence untempered
by emotional or ethical understanding, Kubrick’s 200/ was received within technological circles
and the mass media alike as a searing critique of early Artificial Intelligence research. Yet the film
also appealed to computer programmers and theorists by exemplifying a vision that by 1968 had
long animated their work: to bring human—computer interaction into the realm of language, and
ultimately to develop a means of communicating with computers that would be as linguistically
transparent as human speech. That vision’s animating ideal was, and remains, that of progressive

abstraction from lower-level machinic and computational processes to higher-level, more human
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faculties. Just as humans can conduct conversations without necessarily understanding the complex
lower-level neurobiological and auditory mechanisms that make speech possible, early computing
researchers sought to make the work of telling computers what to do accessible and easy by
distancing the method of programming from the internal workings of the computing hardware.
Kubrick explicitly acknowledges the mechanisms of such abstraction in the film’s famous climactic
scene: in order to disarm the megalomaniacal HAL, astronaut Dave Bowman tears out the memory
modules that contain the computer’s programming instructions. As the astronaut removes more and
more of HAL’s code, the computer “regresses” through ever more infantile stages, singing *‘Daisy,
daisy ... " and gurgling like a baby just before it finally shuts down. Kubrick’s representation is
striking: as the astronaut strips away the higher faculties conferred through HAL'’s software, the
computer undergoes a developmental and linguistic devolution that reflects its reversion to pure
mechanism. Without its programmed capacity for the mechanical equivalent of abstract reasoning,
HAL can exist only as a harmless, “lifeless” chunk of hardware, just like any standard IBM
mainframe of the era.! In dramatizing a pseudo-psychological reversal of software’s developmental
history, Kubrick’s film captures the essence of that history: over time, the process of programming
digital computers has grown ever more abstract (in its relation to the machine) while at the same
time growing ever more transparent (in its relation to the human beings who write and read
programs for those machines). More to the point, the history of software’s gradual abstraction from
hardware is also the history of programming’s language acquisition: as HAL understood English,
so computers since the 1950s have “understood” a variety of programming languages, including
FORTRAN, COBOL, and C, each of which allows a programmer to give instructions to a computer
without resorting to the difficult, complex machine code that computers can directly interpret.

I will be concerned throughout this chapter to articulate some of the major cultural, political,
and aesthetic effects of machine code’s abstraction into ever more complex and capable
programming languages. First, [ examine how abstracting code from hardware made it possible

for programmers to conceptualize their work as a new kind of writing rather than as an esoteric

Indeed, as many commentators have noted, the name HAL makes a thinly veiled allusion to
IBM, the letters H, A, and L being those that respectively precede /, B, and M in the alphabet.
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form of mathematics; as | will show in this chapter and in the next, this emphasis on writing

has been crucial both in shaping programming sensibilities and in imbuing the act of computer
programming with an identifiably literary aesthetic. Second, I show how the abstractions afforded
by high-level computing languages enabled programmers to write portable programs that could be
shared across computers and among computing architectures; this “share-ability” of software has
had important cultural and political effects, the many valences of which I will trace throughout this
chapter. Third, I show how the advent of high-level programming languages paradoxically created
the potential for the very obverse of code sharing: they allowed programmers and corporations

to “blackbox” their code, to prevent users from seeing programs in their high-level (i.e., most
legible) form by distributing them only in their simplest, most inaccessible (i.e., least abstract)
binary formats. Over the past sixty years, these three phenomena have interacted in different, but
always decisive, ways to shape the field of software development, the cultures that have grown up
around it, and the ideals of authorship that drive it. Indeed, it is hardly an exaggeration to suggest
that software’s entire cultural, corporate, and legal history may be understood in terms of the
interrelated effects of code’s abstraction into language.

This chapter traces the principal trajectory of those effects, locating its roots in the earliest days
of digital computing history, following it through the dark days of corporate and legal restrictions
on software distribution, then watching it find its current incarnation in the conflict between
blackboxing and software sharing that characterizes our present computing era—an era in which
powerful corporate and legal enforcement confronts the vibrant and colorful, if comparatively
tiny, “open source” and “free software” movements. As such, this chapter reflects one of the
driving methodological convictions of this dissertation: that any responsible analysis of computing
culture’s politics and social impact must be anchored both in a material understanding of how
computers actuaily work and in an historical understanding of where computing code came from
and how it has evolved over time.

Trying to arrive at such an understanding is itself a radically interdisciplinary undertaking:
one can find the cultural history of code articulated in a variety of academic contexts—including

computing history, the history and sociology of science, cultural studies (especially in the area
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of cultural studies known as cybertheory), legal studies, and computing science—as well as in
non-academic contexts such as the growing published literature on open source and free software,
and in computer programmers’ efforts to document their own history and culture. As will become
clear in this chapter and in the next, the history and even the ontology of computing code is

a hotly contested and intensely disputed field of inquiry. Furthermore, vehement disputes over

the definition and history of computing code take place against a backdrop of academic neglect:
computing historians have shied almost entirely away from software as an object of study, focusing
their efforts instead on computing’s mathematical and engineering prehistory and on the early
construction of computers before and during World War II. Work on the history of the computer
after 1970 is rare; the cultural history of programming, with which I will be primarily concerned in
this study, has been almost entirely neglected.? In a 2002 article, computing historian Michael

Mahoney bemoans the present sad state of software history:

We have practically no historical accounts of how, starting in the early 1950s,
government, business, and industry put their operations on the computer. Aside
from a few studies with a primarily sociological focus in the 1970s, programming

as a new technical activity and programmers as a new labor force have received no
historical attention. Except for very recent studies of the origins and development of
the Internet, we have no substantial histories of the word processor, the spreadsheet,
communications, or the other software on which the personal computer industry and
some of the nation’s largest personal fortunes rest. (“Software: The Self-Programming
Machine” 92)

In his 1998 History of Modern Computing, Paul Ceruzzi observes how existing software histories
have tended to assume one of two distinct shapes (9). The first type of history charts the rise of
individual software companies—such as IBM, Microsoft, Oracle, or Apple—and situates those

companies’ software products within a corporate and marketing framework.> Written largely for a

2 An important and timely study of programming’s emergence as a professional discipline is
Nathan L. Ensmenger’s 2001 dissertation From “Black Art” to Industrial Discipline: The Software
Crisis and the Management of Programmers. Martin Campbell-Kelly and William Aspray’s
Computer: A History of the Information Machine is another important study that carefully situates
programming methodology within the context of an emerging software industry—see especially
chapters 8 and 11.

3See, for example, Daniel Ichbiah and Susan Knepper's The Making of Microsoft, James
Wallace and Jim Erickson’s Hard Drive: Bill Gates and the Making of the Microsoft Empire,
Stephen Manes’s and Paul Andrews’s Gates: How Microsoft's Mogul Reinvented an Industry—and
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general audience, these histories tend to ignore the technical aspects of software development,
focusing instead on how particular software products have contributed to the reputations of
particular companies, or on how they enable computer users to think and work in different ways.
The second type of software history noted by Ceruzzi charts the rise of individual programming
languages such as FORTRAN, COBOL, and Simula, and is primarily concerned with how each
language worked at a particular moment to enable programmers to extract different kinds of
functionality from the computer’s hardware. Computer scientists and historians from the 1960s
onward have expended a great deal of effort documenting the technical history of computer
programming languages; we now have articles and conference proceedings that enumerate
exhaustively the formal intricacies of the many different languages constructed from the 1940s

onward.? Studies written in this mode are often highly formalist, focusing more on the technical

Made Himself the Richest Man in America, John Scully’s Odyssey: Pepsi to Apple ... A Journey
of Adventures, Ideas, and the Future, and Steven Levy’s Insanely Great: The Life and Times of
Macintosh, the Computer that Changed Everything.

4Donald Knuth and Luis Trabb Pardo give a comprehensive survey of the earliest languages
in their paper “The Early Development of Programming Languages.” Tracing developments in
programming methodology during the first decade of digital computing’s history, Knuth and Pardo
offer a useful prehistory to the study of high-level programming languages. Methods studied
include Zuse’s Plankalkiil (1945), Goldstine and von Neumann’s Flow Diagrams (1946), Curry’s
Composition (1948), Mauchly er. al.’s Short Code (1949), Burks’s Intermediate PL (1950),
Rutishauser’s Klammerausdriicke (1951), Bohm’s Formules (1951), Glennie’s AUTOCODE
(1952), Hopper et. al.’s A-2 (1953), Laning and Zierler’s Algebraic Interpreter (1953), Backus
et. al.’s FORTRAN (1954-57), Brooker’s Mark I AUTOCODE (1954), Ershov’s IIII (1955),
Kamynin and Liubimskii’s IT[I-2 (1955), Germs and Porter’s BACAIC, Elsworth er. al.’s Kompiler
2 (1955), Blum’s ADES (1956), Perlis et. al.’s IT (1956), and Katz et. al.’s MATH-MATIC
(1956-58). Usefully, Knuth and Pardo give a practical elucidation of these early programming
systems by coding a sample algorithm in each language they study. Saul Rosen’s 1967 collection
Programming Systems and Languages attempts to trace a history of programming languages up
to that point, while Jean Sammet’s detailed 1969 study Programming Languages: History and
Fundamentals gives technical descriptions of the many major languages then in use. Wenger’s
1975 article “Programming Languages—The First 25 Years” offers a useful survey of programming
developments until the mid-1970s, as does Allen Tucker’s 1977 book Programming Languages.
Richard Wexelblat’s monumental 1981 collection History of Programming Languages collects
the proceedings of the 1978 ACM SIGPLAN History of Programming Languages Conference.
Reprinting detailed contemporary discussion sessions on the languages FORTRAN, ALGOL,
LISP, COBOL, APT, JOVIAL, GPSS, SIMULA, JOSS, BASIC, PL/I, SNOBOL, and APL, the
volume gives a comprehensive overview of the methodological schools of thought that governed
language development through programming’s first three decades. A more recent volume in the
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intricacies of language development than on the economic and cultural contexts where those
languages were used. As such, neither type of history draws substantive links among economic
contexts, corporate histories, programming methodologies, and the evolving technology of the
extraordinarily dynamic computing field. Nor do they address how the vital, intensely creative
culture of programmers was essential both to the evolution of complex programming languages
and to the growing success of the software industry.

In the years since Ceruzzi’s book was published, a new kind of software history has started to
emerge, one that begins to address at least some of these omissions. This new type of history charts
the rise of the free software and open source software movements that arose during the 1980s and
1990s, relating these movements to the history and traditions of hacker programming culture that
originated mostly in academic computing centers during the late 1950s and 1960s. As such, this
strand of history begins to address how economic and ideological factors have shaped the cultural
and authorial traditions of programming and how those traditions in turn have affected and even
determined what kinds of software get written. Even so, this new brand of software history often
largely fails to place itself firmly within the longer evolutionary history of computing technology
and software development. Although several books stand out as noteworthy in their attempts
to collate the dispersed history and lore of hacker programming culture,” many have a strictly

circumscribed focus on 1990s open source projects such as the Linux operating system kemel, the

same vein is Thomas Bergin and Richard Gibon’s 1996 edited collection History of Programming
Languages—II.

5 An admirable early attempt is Steven Levy’s 1984 study Hackers: Heroes of the Computer
Revolution. A more recent example focused around the rise of Linux culture is Glyn Moody’s
2001 book Rebel Code: The Inside Story of Linux and the Open Source Revolution. Pekka
Himanen’s 2001 study The Hacker Ethic and the Spirit of the Information Age takes a wider
historical and philosophical view, showing how the creative playfulness cultivated by computer
programmers challenges rigid and punitive concepts of work developed under the Protestant ethic.
The essays collected in Di Bona et. al.’s Open Sources: Voices from the Open Source Revolution
provide a variety of perspectives on the 1990s resurgence of hacker culture, by contributors who
include Larry Wall, Bruce Perens, Tim O’Reilly, Michael Tiemann, and Richard Stallman. Eric
Raymond, the self-proclaimed “anthropologist” of hacker programming culture, has collected
many computer-related writings in his 1999 book The Cathedral & the Bazaar. More of Raymond’s
work, including a work-in-progress on Unix hacker culture, may be found on his comprehensive

Web site: see http: //www.tuxedo.org/ “esr/.
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Apache web server, or the Perl programming language. As a rule, histories of free software and the
open source movement also have a deceptively circumscribed political vision, overlooking the
temporal complexity of computing history in order to cast the recent iconoclastic programming
movements as straightforward protests against the powerful software empires that arose during the
1980s and 1990s.

While existing software histories all cover important territory, then, they also collectively
fail to integrate the different stories they tell. Indeed, as Mahoney indicates, a truly synthetic
history of digital computing—one that links economic, political, cultural, corporate, and military
histories to the development of computing architectures, software engineering methodologies, and
programming cultures—has yet to be written. My aim in this chapter is not to attempt such a
comprehensive synthesis, but rather to prepare the way for the particular undertaking of this
dissertation, firstly by gesturing toward the kinds of insights that can arise from a more textured
and nuanced approach to programming history than has yet been the norm, and secondly by
challenging distorted and ahistorical appropriations of that history in the cultural studies subgenre
of cybertheory. This chapter thus traces a strategically partial history of software from the 1940s to
the present, paying particular attention to how changes in hardware architecture and programming
methodology altered what it meant to write and share software; to the cultures that grew up around
computers as those changes took effect; to how government and corporate interests responded
differently at different times to the values of those cultures, particularly to their adoption of
bohemian literary sensibilities and to their libertarian tendency to oppose restrictions upon the
free circulation of code; to how software in the late 1960s became a product traded on an open,
competitive market; to how some programmers have managed, in the face of great corporate and
legal pressure, to maintain the traditions of software sharing established in computing’s early
days; and to how programmers, corporations, and lawyers have been divided ever since about the
legal status of code, the ethics of “blackboxing” code, and about what it means for software
to be “free.” In tracing the contours of this complex and multi-layered history, these sections
lay the groundwork for the main project of this dissertation: to identify, explicate, and analyze

how certain movements within programming culture have framed their relationship to code as a
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relationship with a shared corpus of elegantly written, freely shared, historically resonant literary
texts. In particular, this chapter’s analysis of software’s abstraction into language prepares the way
for Chapter Two, which traces in detail how programmers came to understand their work less as
an exercise in clever manipulation of machine code than as a writerly, linguistic endeavor; and
for Chapter Three, which argues for a reciprocal relationship between programming and literary
theory by showing how programming theory can constitute a useful analytical tool for interpreting
late modernist textual experimentation.

Lastly, in their emphasis on grounded, technologicaily informed analysis, these sections
serve as a point of contrast to “cybertheoretical” or “technocultural” discourse, which uses the
computer to anchor an entirely different, largely unearned set of theoretical claims. No effort to
articulate a historically and materially responsible literary aesthetics of code would be complete
without a commentary on literary and cultural theory’s attempts to theorize the computer. As
such, the chapter ends by analyzing cultural studies’ theories of the computer age, theories that
(as commentators such as Robert Markley and Richard Coyne have noted) rely on a metaphysics
that is nominally extrapolated from, yet remains almost entirely ignorant of, computing history
and culture. Showing how cultural studies’ theories about the computer—which tend to center
on virtual realities, cyborgian (dis)embodiment, “posthuman” subjectivity, and transgressively
nonlinear textualities—are neither embedded in nor derived from an awareness or understanding of
the technology about which they so lavishly fantasize, I will argue that these theories” literally
fantastic nature, what Richard Coyne calls their “technoromanticism,” has at once materially
shaped humanist scholars’ perception of computing and drastically limited the scope and utility
of that perception. Because these fantasies are at once so dominant and so uninformed, they
largely blind literary scholars both to the complex historiographical and political issues raised by
and within computing history and to the aesthetic importance computer programming theory and
practice has for our understanding of literary history. Because my larger goal in this study is to
outline a historically and philosophically responsible analysis of the conjunction between computer
programming and literary aesthetics, the aim of this critique is not merely to expose the sloppy

philosophical and methodological models that underpin the vast majority of cybertheoretical
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analyses. In exposing cybertheory’s inadequacies, [ argue that we need a new way to think
computing history within literary studies, one that refuses to treat the computer or computing code
as a blank slate on which to build utopian fantasies about identity, embodiment, and textuality,
one that instead situates itself in a truly interdisciplinary and informed way among the various
fields and philosophies that computing integrates. It is partly because computing history has been
alternately ignored and mishandled by cultural theorists that I include so much corrective detail

in this study about the complex cultural and aesthetic history that has accumulated around the

computer in the past half-century.

1.1 From Code to Language

I begin this section by looking at a theoretical eclipse, a small but telling moment of conceptual
maneuvering that marks one cultural critic’s move to historicize and aestheticize the computer.
In “A Tale of Two Aesthetics,” the opening chapter of her 1995 book Life on the Screen, Sherry
Turkle maps an aesthetic schema onto computing history, dividing computing systems into two
distinct types, modemnist and postmodemnist. In Turkle’s labels and in her eagerness to apply them
to different kinds of computing systems, one discerns the kind of territorial mapping endemic to
1990s cultural criticism, whereby cultural theorists routinely classified texts and authors along
theoretical and ideological lines, often dividing them into “traditional” and *radical” camps. In a
polarized schema where “traditional” serves as a code word for unenlightened conservatism and
where “radical” indicates putatively progressive dissections of Western aesthetic, philosophical,
cultural, and economic values, modemism itself, despite its own historical dependence on restless
and inventive formal experimentation, became a suspicious category, aligned at best with a
politically suspect nostalgia for literary tradition, aligned at worst with the fascist politics of
Nazi Germany. Postmodernism, as the term suggests, became modemism’s successor, promising
to resolve modernism’s political complications by replacing the earlier movement’s emphases

on tradition and aesthetic value with its own particular brand of subversive, ahistorical surface

playfulness. Turkle’s aesthetic schema, then, is far from politically neutral: importing the
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political associations of modernism and postmodernism into a categorical schema that purports
to historicize mid-1990s attitudes toward the personal computer, Turkle ultimately gives us a
categorization that reveals as much about the ideological stances of cultural theory as it elides
about computing history.

According to Turkle’s schema, a computing system organized around a “modermnist” aesthetic
is one that requires its user to “figur[e] out the hierarchy of underlying structure and rules”
(35); by contrast, a “postmodernist” interface design “‘encouragfes] users to stay at a surface
level of visual representation” (34). Turkle’s “tale of two aesthetics” takes shape around two
complementary axes: the contrast between command-line interfaces and graphical user interfaces,
as represented respectively by Microsoft’s MS-DOS and Apple’s Macintosh OS; and the
interlocking contrast between users of these systems, who, she alleges, adhere respectively to
modemist and postmodernist models of subjectivity. Expanding on the surface/depth model that
has long dominated discussions of the postmodern condition, Turkle deploys spatial metaphors
to describe how these modern and postmodern users interact with their machines. Arguing that
MS-DOS gives its users “access to the guts of the operating system,” Turkle quotes an accountant
who cites discomfort with the play of surfaces as his reason for scorning the graphical, icon-based
Macintosh interface: “[On the Macintosh] you are just dealing with representations,” he claims;
“I like the thing itself. [ want to get my hands dirty” (39); she also cites a physicist who “enjoys
the feeling of virtual dirt on his hands and feels threatened by opaque objects that are not of his
own devising” (39). Modernist computing subjectivities, then, are characterized by a distrust of
seemingly transparent but actually opaque representations and a quest for meaning and clarity
beneath their deceptive surfaces. In the postmodern Macintosh world, by contrast, “the user [is]
presented with a scintillating surface on which to float, skim, and play. There [is] nowhere visible
to dive” (34). Turkle’s luxuriant language extends these contrasting subjectivities into contrasting
models of erotic pleasure: the physical enjoyment the Macintosh lover takes in sensualized
surfaces, in floating, skimming, playing without a need to “dive” into the computer contrasts

with the MS-DOS user’s compulsion to “‘get inside the machine,” his penetrative need to access
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the command line.® For Turkle, the competing pulls of modemist and postmodernist aesthetics
and erotics form the basis of a historical split within personal computing culture: “[Bly the late
1980s, the culture of personal computing found itself becoming practically two cultures, divided
by allegiance to computing systems. There was IBM reductionism vs. Macintosh simulation and
surface: an icon of the modernist technological utopia vs. an icon of postmodern reverie” (36). In
Turkle’s vision, computing history is almost perfectly analogous to the history of postmodernism
itself: as we live today in a Baudrillardian world of simulated surfaces, so do we compute.

Such a formulation is not unique to Turkle: a significant precursor to Life on the Screen’s
technological divisions is Robert Pirsig’s Zen and the Art of Motorcycle Maintenance (1976),
whose protagonist anticipates Turkle’s spatial aesthetic categorizations when he differentiates
between “classic” and “romantic” approaches to the technological world. Pirsig, too, divides
adherents of these approaches according to elemental subjective distinctions: technological
classicists are those who appreciate the “tremendous richness of underlying form”; technological
romantics understand technology “primarily in terms of immediate experience” (76). As with
Turkle’s modernist and postmodemist models of computing, Pirsig’s distinctions themselves
form the basis for an entire history and philosophy: Pirsig’s narrator, himself a compulsive
technological classicist, uses motorcycle maintenance to ground an elaborate philosophical system,
tinkering obsessively with his motorcycle as a way to fine-tune his evolving ideas about Western
metaphysics. In the process, he grows endlessly irritated with his friend John, whose trenchant
technological romanticism makes him refuse even to glance under the hood of his bike, even makes
him throw up his hands in despair whenever he encounters the slightest mechanical problem. For
the narrator, John’s adamant unwillingness to learn how his motorcycle works signifies John’s lack

of engagement with everything but appearances and surfaces.

6Turkle explains that her analysis holds true for Microsoft Windows, too, since “unlike the
Macintosh operating system, [Windows] is only a program that runs on top of the MS-DOS
operating system” (38). This qualification—while correct when Turkle’s book was published—does
not hold true for versions of Windows built atop Microsoft’s “NT” core; this include Windows NT,
Windows 2000, and Windows XP. In addition, Apple has since issued a revamped and modernized
version of its Macintosh operating system built upon a BSD Unix core. Released in April 2001,
“Mac OS X features a Unix command-line interface that now allows Macintosh users access to
the “depth” Turkle associates with MS-DOS.
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Turkle’s surface/depth distinctions work in similarly divisive ways: while MS-DOS users
spend their computing time “inside” the machine, getting their hands dirty amid its “guts,”
Macintosh users float on the computer’s “surface,” avoiding contamination by the virtual *“dirt”
that lies beneath their interface. These metaphors both introduce and ground Life on the Screen, a
title whose very preposition gives an intriguing insight into the book’s focus: its basic premise is
that in a matter of a very few years, everything will be mediated by the computer, even human
emotion, sensation, sex, love, and desire—in other words, even those things that we understand
as most human, most separate from machinery, most intrinsically what and who we are. Turkle
thus sets out to analyze subjectivities that indulge in an endless play of surfaces, that use the
“scintillating surface™ of the computer screen to mediate their entire lives. Unlike Pirsig, however,
Turkle does not interrogate the founding presuppositions of her aesthetic models. Faced with a
complex and deceptively singular machine, the computer, Turkle simplifies her object of analysis
into stock categories. Faced with a relatively simple machine, the motorcycle, Pirsig problematizes
it, subjecting to scrupulous philosophical scrutiny the classic/romantic duality upon which the
technological world ostensibly relies, taking his motorcycle to pieces as he dismantles the
philosophical foundation upon which his perception of it rests. Turkle, by contrast, neglects to
historicize the divide she posits, failing, for example, to recognize that the MS-DOS command-line
interface—which arrived on the computing scene in 1981—is itself a “scintillating surface,” the
result of three decades’ worth of accumulated abstraction from the real “guts” of computing
hardware. For all its seeming mechanical roughness, for all its apparent proximity to the guts of
the machine, the MS-DOS interface nonetheless constitutes a sophisticated “representation” of
lower-level computational processes, one that positions the user as one who can command the
machine’s hardware by typing in selected predefined commands. It is here that Turkle’s spatial
metaphors reveal their historiographical inadequacy: a simple categorical model imported from
the lexicon of cultural and critical theory cannot begin to account for the complex, multivalent

historical evolution of the computer.” Taking a wider historical view, the move away from the

For a historical survey of computer interface evolution, see Susan B. Barnes’s “Computer
Interfaces” and her 1995 doctoral dissertation The Development of Graphical User Interfaces from
1970 10 1993.
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“guts” of computing hardware began not in 1984 with Apple Computer’s launch of its GUI-driven
Macintosh computer, as Turkle’s analysis implies, but in the mid-1940s with the invention of the
“stored program” computer architecture, a development I will discuss in detail below. While
hardly as resolutely “superficial” as the Mac OS, MS-DOS must be understood as a complex
representational system in its own right, one whose creation itself represents the culmination

of thirty-five years’ worth of research into increasingly abstract techniques for programming

and controlling computer systems. The remainder of this dissertation will insist that computing
history cannot adequately be framed by metaphors and analogies derived from literary and cultural
theory; instead I argue that computing historiography must be understood as a model of /layered
abstraction that finds its historical origins in the technological revolutions of World War II and that
continues to unfold today. The remainder of this chapter is devoted to explaining what that layered
model is and how it came into being. Chapter Two will explore how that layered abstraction led
to the development of programming languages and a distinct programming aesthetics; the final

chapter will discuss the consequences of these developments for literary history and theory.

Both the mathematical ideas that underpin computing and the first attempts to construct
mechanical calculating devices long predate the developments of the mid-twentieth century.®
However, it is important to understand that these theoretical and practical explorations largely
constituted distinct and separate traditions until fused together by the computing revolutions of the
1940s. Building on a mathematical tradition that comprises the work of Leibniz, Boole, and others,
Alan Turing laid the theoretical groundwork for general-purpose computing in the 1930s with his
“universal Turing machine” concept. Consisting of a read/write head and an infinitely long paper
tape divided into squares, Turing’s machine is an abstract theoretical representation of a general

purpose computing device. Capable of reading, printing, and deleting symbols on the paper tape, it

8In The Universal Computer: The Road from Leibniz to Turing, Martin Davis outlines the
mathematical discoveries that laid the groundwork for digital computing. George Chase’s “History
of Mechanical Computing Machinery” surveys early attempts to build mechanical computing
devices. Martin Campbell-Kelly and William Aspray’s Computer: A History of the Information
Machine emphasizes historical continuities between early attempts to mechanize the field of
information processing and the evolution of digital computing.
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can exist in a number of different “functional states™; its future actions, in tum, are determined by
its present state, by the data it reads, and by a predefined instruction set. This deceptively simple
device has enormous flexibility and power: in his famous 1936 paper “On Computable Numbers
with an Application to the Entscheidungsproblem,” Turing used it to argue that “[i]t is possible to
invent a single machine which can be used to compute any computable sequence” (241). However,
the hardware that turned Turing’s abstract insights into concrete realities emerged from an entirely
different tradition—the centuries-long effort to engineer sophisticated calculating devices.

This engineering tradition, which stretches through John Napier (1550-1617), Blaise Pascal
(1623-1666), Charles Babbage (1791-1871) and others culminated in the 1940s with the creation
of electronic calculating machines that were also program-controlled digital computers. Fusing
mathematical and engineering insights, these computers were fully-fledged embodiments of the
general purpose Turing machine. In the 1950s, we see the emergence of a third distinct computing
tradition. After mathematical discoveries and syntheses had made computing theoretically possible
and engineering innovations had embodied those theoretical possibilities in working machines, a
need arose to control those machines, to produce the instruction sets that Turing had identified

as an essential element of any general-purpose computational device. This need gave birth

to the discipline of computer programming, whose distinct culture and aesthetics will concern

me in this study. To fully comprehend that culture and aesthetics, however, it is first necessary

to understand the historical origins of computer programming and to study the evolution of its
various technological and social practices. As such, I turn now to the moment when the need for
programming first arose: the early digital computers that emerged from wartime scientific research
in the 1940s.

The theoretical and practical strands of computing research identified above were forced
together by the exigencies of World War II, when the need for better wartime technologies
shaped the first major advances in digital computing. By 1942, the Allies’ ground-based
anti-aircraft weapons had already proved woefully inadequate at combating the Nazis’ fast, highly
maneuverable airplanes; likewise, the Allies desperately needed better weaponry to improve the

accuracy of their offensive shelling. The Allies rallied to build better, more sophisticated guns,
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but then hit a mathematical stumbling block: they could not deploy new guns in the field without
first calculating the tables that told gunners where to shoot. In order to hit a fast-moving airplane,
ground-based gunners had to shoot not ar the plane but in front of it; successful strikes depended
on knowing exactly how far in front of the flying plane to aim. Shooting at ground-based targets
required similar calculations: gunners had to aim above the target to compensate for the parabolic
curve of the shell’s trajectory. Because each gun had to be calibrated and aimed differently,
even the most highly-skilled and practiced gunner could not shoot accurately without consulting
sets of precalculated firing tables. In turn, each new type of gun required a new set of tables. It
was this need to calculate ever more ballistics tables for ever more new guns that spurred the
development of digital computing in the United States. In Britain, by contrast, it was cryptanalysis,
particularly efforts to break the German ENIGMA cipher, that fueled the most important
computing developments. At Bletchley Park in England, a team of technicians led by Alan Turing
developed special-purpose codebreaking computers—such as Colossus—that had many structural
similarities to those being designed in the United States. As important as these British computing
developments were to the Allied war effort, the historical impact of the machines themselves has
been minimal: the British government classified the Bletchley Park codebreaking work top secret
and went so far as to destroy Colossus and other computers used to do it.” It was not until the
1970s that the British government began to release World War I cryptanalytical documents and
photographs to the Public Record Office and Science Museum. American computing projects,
by contrast, were relatively open to interested parties and early British computing engineers and
mathematicians traveled to the United States in the post-war years to further their interest in the
field. The contrast between the closed, classified computing projects of Bletchley Park and the

relatively open, public developments in the United States explains why post-war British computers

9Konrad Zuse's Z3, the world’s first working programmable electromechanical digital
computer, was completed in 1941 but was also destroyed during the war. A replica of the Z3, built
in 1960, is now on display in the Deutsches Museum in Munich. Completion of a subsequent Zuse
machine, the Z4, was disrupted by air raids in Berlin; the machine was taken to several locations
before arriving at the Eidgenossisch Technische Hochschule in Zurich, where it remained in use
until 1955.
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were based largely on American models. '°

A major U S. site for developing and testing new artillery and munitions was the Aberdeen
Proving Ground in Maryland, which outsourced much of the detailed, time-consuming work of
drawing up firing tables to teams of young women volunteers at the University of Pennsylvania’s
Moore School of Engineering.'' Known informally as the “Moore School girls,” these women
worked full time calculating ballistics tables with the aid of simple desk calculating machines.'?
This process was absurdly arduous. Because a typical ballistics table included entries for around
three thousand different trajectories, and because each trajectory took between one and two days to
calculate by hand, preparing a single table cost a team of one hundred women approximately a
month’s worth of time and labor. Even the Moore School’s state of the art mechanical differential
analyzer, which then-undergraduate Herman Lukoff describes as a “tremendous maze of shafts,
gears, motors, servos, etc.” (18), took a month to calculate a similar table (Campbell-Kelly and
Aspray 83). In the hope of devising a more efficient way to automate these mass calculations,
John Mauchly, a Moore School instructor whose wife had the job of supervising the young women
“computers,” began to explore the possibility of building an alternative computing machine, one
that would vastly outstrip both human effort and that of the mechanical differential analyzer

in its ability to perform large numbers of calculations quickly and accurately. Mauchly joined

10The first working stored-program computers were built in the United Kingdom: the Manchester
Mark I was completed in 1948 at the University of Manchester, and Maurice Wilkes revealed
a more powerful stored-program design at Cambridge University the following year. Atsushi
Akera explains this apparent historical anomaly by pointing out that “there was a straightforward
integration between the mathematical and engineering aims of the British projects that pushed their
work forward more rapidly” while “U.S. projects were plagued by overambitious goals, diffuse
research interests, and financial difficulties” (69).

! Atsushi Akera notes that ballistics calculations are based on a branch of mathematics known
as analysis, which was a standard part of the University of Pennsylvania mathematics curriculum at
the time (65). Moore School women would thus have been familiar with the mathematical theories
underpinning the problem of ballistics calculation.

12Quoting the Oxford English Dictionary definition of computer as “one who computes; a
calculator, reckoner; specifically a person employed to make calculations in an observatory,
in surveying, etc.,” Martin Campbell-Kelly and William Aspray note that the word computer
originally indicated a human occupation. This use of the term was dominant in the nineteenth
century, and was still in common use prior to World War II (9). Only after World War II did the
word computer come primarily to signify electronic calculating devices.
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forces with a talented young University of Pennsylvania engineer named John Presper Eckert and
together they designed the computer that would become known as ENIAC. An electronic system
of unparalleled size and complexity, ENIAC's design consisted of 18,000 vacuum tubes, 70,000
resistors, 10,000 capacitors, 6,000 switches, and 1,500 relays. It cost almost half a million dollars
to build; when finally constructed it weighed thirty tons, and filled a large room. '3

Although ENIAC never actually contributed to the war effort—it was not ready for production
work until November 1945—its construction marked a quantum leap over previous attempts to
automate calculating technology. In particular, ENIAC offered a raw processing speed that far
exceeded the capabilities of existing mechanical and electromechanical devices. Consider that
in 1937, Howard Aiken, then a graduate student in theoretical physics at Harvard, drew up a
proposal for an electromechanical calculating machine and presented it to IBM, which provided
more than $100,000 in funding and a great deal of talented engineering support to develop, build,
and test the “IBM Automatic Sequence Controlled Calculator”—otherwise known as the Harvard
Mark I. When Aiken’s machine!® ran its first test program in January 1943, it could process
two hundred instructions per minute, a computational feat that absolutely captured the public
imagination—American Weekly called the Mark I “Harvard’s robot superbrain,” and Popular
Science Monthly’s headline was “Robot Mathematician Knows All the Answers” (Campbell-Kelly
and Aspray 74). But when Mauchly and Eckert’s digital ENIAC became operational less than three
years later, it could manage five thousand operations per second, making it a thousand times faster

than Aiken’s computer. The ENIAC’s processing speed, phenomenal for the time, spoke to the key

B3For a history of the ENIAC computer, see Scott McCartney’s ENIAC: The Triumphs and
Tragedies of the World's First Computer. Arthur and Alice Burks’s 1981 article “The ENIAC:
First General-Purpose Electronic Computer” offers a highly-detailed technical description of the
ENIAC s architecture, as does Jan Van der Spiegel, et. al. ’s “The ENIAC: History, Operation and
Reconstruction in VLSL.” The latter article recounts how a team of University of Pennsylvania
faculty and students celebrated the ENIAC’s 50th anniversary in 1996 by reconstructing the
thirty-ton machine on a 7.4 x 5.3 mm square silicon chip.

14 Aiken, then a Navy lieutenant, took charge of the Mark I during World War II, but to call
him its “inventor” is to fall victim to Aiken’s own distorted version of history. At the Mark I’s
official dedication on August 7, 1944, Aiken took full credit as the machine’s sole inventor; his
arrogant, self-interested appropriation of IBM’s engineering efforts and research dollars infuriated
the company’s founder, Thomas J. Watson. See Campbell-Kelly and Aspray 69-76.
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