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ABSTRACT

Like City Lights, Receding: ANSi Artwork and the Digital Underground, 19852000
Michael A. Hargadon

The rise of the Internet has obscured knowledge of the modes of mass online
interaction that precedeit. Foremost amongst these wiag Bulletin Board $stem
(BBS), whose unique technological constraints encouraged the development of the art
form known as ANSI. Through an examination of the economic paradigm shift that
permitted mass adoption of microcomputers, the technological operating environment of
the 1980s and 1990s and the ethos of the software piracy scene of that ¢hesthis
explains why this species of art took the form that it did, why artists chose to express
themselves in this medium, and how ANSI defined the aesthetics of the onlilte wo
between 1985 and the turn of the century. Far from a mere form of expression, the
production andlisplay of ANSI art on BBSeserved as a signifier of and route to the
acquisition of status within th&ub rosabranch of autonomous dial computer syems

that comprised the piiaternet digital underground.
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Introduction

ﬂ'ﬂ“ Silent Service H

Sysz: Identical Tuwin

Node 416,287 .9002
Node 416,286 .8734
Node 416/PRi .VUATE

1.2 Gigabytes Onlin
Rumming With PCBoar

Seric

ANSi -Eternal Darkness-SdA 150692
Silent ServiceBBS Logo by Eternal Darkness of Silicon Dream Avrtists (SDA), June 15, 1992.

Objective

First Thoughts

From the perspective of the present, the commoditization of computer and

networking technology has so profoundly affected the economic and socialf life

'Eternal Darkness, fASSikntoSebveam BBS(Lokatigmo( SDAN Ar
Unknown:Silicon Dream Artists1992),http://artscene.textfiles.com/artpacks/1992/sdgafgeessed May
4, 2009) . To the best of my knowledge, the 1992 ar



http://artscene.textfiles.com/artpacks/1992/sda.zip

advanced industrial societies that it is becoming difficult to imagine when this was not so.
Driven by open networking standards on the one hand and the efficiencies of pervasive
access to computing and communications resources on the other, thet Indésrochanged
everything from the development of software to the ordering of pizza and the
organization of protests. It is a unique, generative environment whose opportunities for
creative expression and the enhancement of productivity through the geddoftware

to the mass have provoked revolutions in all fields of human endeavour. The extent of its
impact has been so great that the rise of the Internet has neatly divided the era of the
information society from those that preceded it. In the m®dehas obscured the two
decades of online interaction during which many of the schematic and technical
mechanisms of current modes of user interaction with software, from usernames and
passwords through to message boards, galleries and prnveti, @ere developed.

For those whose formative years were during the transition period in which the
barriers between the online and offline worlds weakened and vanished, the emergence of
the Internet age has had the effect of nullifying or rendering irreléh@nimemory of
their interactions with the technologies, systems and communities that came before it.
Though necessary to the purpose of repackaging the past into conceptually digestible and
distinguishable units, the use of periodization in academic riistepresents an
acknowledged interruption of the continuity of eventsHistorians recognize that
periodization is a conceptual lens that, like all lenses, presents the object of its focus in
sharp detail while blurring all that lies before or beyondfatsal point. It does some

violence to the true past, but the purpose of its interference is meant to be therapeutic in

’See roundtabl e APer i oHisioryWdrkshomJournal 6@pning,200d): pNl&@w, 0 i n
238.



that it is revelatory: used properly, periodization reveals at least asinarah arguably
morei than it obscures.

Memory, which might bedefined as the recollection of the past filtered through
the mind of a population mass, is not nearly so forgi¥ingnder the liberal aegis of
contemporary academia, history engages in the reconstruction of the past under the sole
and immutable assnption that the past should be understood for its own sake: the quest
for knowledge of what is lost is teleological in that the accumulation of knowledge is
held to be an objective good, an end in itself or by reference to the role it plays in some
otheroverarching purpose. Subject to the unavoidable pragmatism of life in the present,
which must balance the elemental scarcity of time against the infinite expanse of the
knowable, memory seeks to retain useful knowledg&nowledge that provides
advantage power or meaning while discarding that which is not. Much as the
relevance of the knowledge of how to drive a team of horses is all but immaterial in an
age of internal combustion, knowledge of the mechanisms, aesthetic and interactive
forms, and struares of thought and sentiment that defined-lpternet online
communities are equally immaterial in an era of network persistence and pervasive
Internetization.

Nostalgia has been descr i-was dharbared byit he

®Here I should like to draw a distiico n bet ween fApublic memoryo and ft
I refer to simply as fAmemory. o Whil e both are or
former typically incorporates such sites or objects of commemoration as monumediagbur personal

artefacts, possesses an arguably explicit discursive purpose, and with the last is frequently the object of

of ficial notice or patronage. AiThe memory of the p
consciousness of the massitis developed and transmitted through informal mechanisms within specific

social units (individual interactions with culture, family or community mythology, etc.). My definition here

recalls analyses by Roy Rosenzweig and David Thé&lea Presence dfie Past: Popular Uses of History

in American Lifg(New York: Columbia University Press, 1998); and Alison Landshenggthetic

Memory: The Transformation of American Remembrance in the Age of Mass Quéwr&ork: Columbia

University Press, 2004). Fa treatment of public memory, see Ronald RuREmembering and

Forgetting in Acadie: A Hi st ¢ToronorJdisersilyofdforantey Thr ough
Press, 2009).



someone in a news. . . a generalized envy for, and so glamorization of, an imagined

t i me or “clothigiriostaigia représents a dual projection, specifically the recall

of an idealized version of the past for the purposes of imposing upon it an idealized
versin of the self. Nostalgia works in one direction only, namely the imagination of
what came before as somehow better than what exists at present. It is considered fallible,
a Anever was, O -tiirgofaecdlection fButwieee nastalgagmory

and identity intersect is when the knowledge and values embedded in identity become
desynchronized with the knowledge and values embedded in the historical consciousness
of the mass. This produces a deeply individualized anomie, a feeling nobimest imave

been erodegyer se but that we have realized that the concurrence between what we
know, believe and can make reference to through the problematic of imputed shared
experience is less than it once was. Much as one feels choked when the arétéaichs

of memory are suddenly and catastrophically destroyed, as is the case with a house fire or
the unintentional, unrecoverable deletion of sole copies of electronic data, the action of
memory in discarding pasts that are no longer relevant evalesceées of nostalgia that

is closer to loss.

When a physical community is lost through catastrophe, the shock of the event is
sufficient to make it the subject of both immediate interest and historical enquiry. When
it is winnowed or eroded through therkings of macrdevel forces like changes in the
means of production or the mode of consumption, scholarly history eventually seeks to
capture this past as well. If a physically unbounded community dedicated to some

particular purpose or notorious becaus its acts dissolves, the crease in the fabric of

“Mark Kingwell, AFi ve Stops: H o me Gpening Gaanhitd: EsA@ys1 t i n g
on Art and PhilosophgToronto: Key Porter Books, 2008), 146.
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history left by its passing may well draw the eye of a future chronicler. But if a
community does not exist in physical space, keeps no bureaucratic minutiae and, by
virtue of its status assub rosaentity does not cause events to noticeably bob in its wake,
there will be no reconstruction of its trajectory. Methodologically defined as it is by its
reliance on the physical, be it in the form of documents or the detritus of events,
academic history hagproved inapt to the examination of selanizing online
communities. Despite appearances to the contrary, history and memory are united in
their adhesion to their own definition of the practical: memory forgets what it believes it
is not useful to knowand history rests on a platform of what it deems practically
knowable.

This essay represents an attempt to resist the confining pragmatisms of both
memory and history. In its desire to provide a published record of what memory has cast
off, it will attempt to strike against the lossy presemidedness of what is held to be
relevant in the elusive now. In its bending of the rules of documentary investigation and
its goal of reconstructing a form of social interaction that occupied no space and now
exidgs primarily in the memory of its participants, it will seek to supersede the discursive
formula of what history believes can be known. Finally, in its attempt to produce a
memoir through the mode of analysisfor |, its author, lived and breathed the
phenomena that shall be described herg will stand as both a product of and an

antidote to the nostalgia not of an idealized past, but of a past forgotten.

Art and the Digital Underground

Hackers, crackers, warez d00ds and couriers; users, systemspeaders and
moderators; lamers, phreaks and digital artists. All are archetypes of current online

5



identities, and all draw their origins from the same source: the digital underground of the
pre-Internet era. Riding the wave of the microcomputer rgwah, archipelagos of
discrete, seltontained online communities rose up in the sea of the public telephone
network. The voice channel of a phone circuit could carry data between machines, and
with that came all of the anonymizing and identitgsking &ects of networked
communications that are familiar now. The majority of theseidibulletin board (BBS)
systems operated legitimately, frequently requiring real names of their users and
authentication through callback verification. Beyond these,eliew was asub rosa
branch of systems whose devotion to quegal or illegal activities demanded that their
users craft online personae distinct from their public selves behind the facade of the
handle®

Both the legitimate and illegitimate branchestbé ecology of systems that
comprised the prénternet online world arose because of the weakening or overcoming
of identifiable economic, technological and social constraints. Similarly, the variety of
roles played by each in serving the communities sérs that patronized them was
defined by either the modification of these constraints or, as is especially the case with
examples of social constraint, the influence wielded over patterns of online behaviour by
evolving archetypes of online identity ancetastablishment of identityr community
derived norms unique to this operating environment. Much like any physical community,
users of bulletin board systems came to define standards of behaviourptodeduct
and discursive prac#s through theiinteractions with each other and the interplay
between their community and the broader structures that sustained it. Many of these

practises found their way into software, as was the case with the ways in which bulletin

5 Also known, then as now, as a username, alias, or nick.
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board operators sought to shaperusehaviour through expedients like anonymization
and posto-call ratios. Within the permeable, evolving realm of what software would
and would not allow, however, forms of expression peculiar to the medium, the
constraints that governed it, and the iitées of those who participated in it ardse.

Many of these forms are

familiar to the present. BulletinjimL®e 511

The Form of the Interface I: "Paragon” menu prompt frc
Oblivion/ 2 BBS Software v
] _refers to how much time theser has left on the bulletir
conversation systems that typicallyoard. Because of the cost of their operation and tf
scarcity visa-vis the size of the population of users wr

provided their callers with privat@ccessed them, users were given a daily allowance of 1
to use the systerh.

boards were computdrased

email between users, public messaging, file transfers, and access-attyrgrograms
(Adoorgameso) . Thiatearsest naw, and thd data than fiowstthrooigh s
them is scarcely different. But if one looks at the presentation of these functions,
examining the aesthetic of user interface over the access it enabled, a new form of
expression appears: that of the systitself. This is the way in which software appears

to users, and it is a phenomenon referable to an identifiable set of historical influences.
Its natural limits are defined by the computing paradigm within which online interaction
takes place and tHeoader forces responsible for the rise of that paradigm. In 2010, the
graphics and multimedimtensive aesthetic of the online world is defined by a cluster of
mature, commoditized technologies, namely higbolution displays, graphical user
interfaces megabyteplus connectivity, and the superabundance of processing power that

ties them all together. In 1990, the limits of the form were defined byntege

*APermeabl ed because the |imitations inherent in an
developers tovrite new software in an attempt to overcome the limitations of the old.

"APar agon Me nQblivibrd2d@BfSoffware viension 2.(Gcation Unknown: Darkflame

Enterprises, 1993http://cd.textfiles.com/somuch/smsharew3/MODEM/OBX10.ZIP(accessed March

14, 2009).
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graphics, keyboardriven interfaces, and connection speeds measured in tenshofskilo

As a result, the online systems of this period had both a distinctly different visual

aesthetic and interactive Afeel o than thei
While the definition of what qualifies as art has expanded tremendously over the

past century, computénterfacesare only gradually moving out of the periphery of what

qualifies asacceptable subjects of criticism or historical analysihe study of interface

design is driven by the corporations that are the largest users and marketers of computer

tecmology, and designs are evaluated in terms of their efficiency, comprehensibility, and

ability to promote a brand. Academic literature that addresses computer interfhaess as

only recently come into its owra fact that is surprising given that the emegement of

sentiment through the arrangementsoftwareelementsi art by any other name is

explicitly referenced i n interface desi gr

experience. 0 It becomes doubl-gidaswarlpr i si n

fetish for Ainteractiveo works and the oce

aesthetics and historical influences of noted industrial designers. The ties of sentiment

that spring up between users and the fictional characters of gaiees are the same as

those that appear amongst readers of literature. An implementation of an algorithm in

software, specifically the arrangement of the elements that comprise a given routine, may

produce an emotional response from the programmer thaenments or reviews the

code. Users are often attracted or repulsed not merely by the functionality of software,

but by the design of its interface. The relationship between the arrangement of form and

the feeling it evokes makes interface a speciesriof @ut the silence of scholarly

8 See Lev ManMevdicah,A efisPUBSBIGATIONSeddZKM (Karlsruhe: ZKM, Center for
Art and Media/Center for Interactive Cinema Research, Universew South Wales, 2001) and Lev
Manovich,The Language of New Medj@ambridge, MA: The MIT Press, 2001).
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literature on the subject suggests that this categorization is not shared by many
commentators.

History is the arrangement of selected facts into a narrative that seeks to expose
and explain past events. Historians agly things happened the way they didd they
answer this question by placing events within a causal framework that relates them back
to the forces responsible for their occurrehd&lorks of art are salubrious to the study of

history not merely becauseetimeaning of their expression is rooted in a specific period

and set circumstances, but also because the form in which they are expressed represents a

framework through which broader material social and economic constraints can be
exposed. The impact odmanticism on modern conceptions of art and the lionization of
the role of the artistreator resulted in the popular belief that the major limiting factor on
artistic expression is the unbridled imagination of the artist himself, but this is not strictly
true. Instead, the firgirder constraints that govern the creation of art and the form it
takes are the availability of materials and the ways in which these materials can be
arranged to produce meanitig.

While it must be acknowledged that deterministiaterialism is not the sum and
total in the explanation of the adoption of forms of expression, it must equally be
recognized that material conditions play a significant and definable role in the
development of these forms. To cite an example, the rise mdradigm of painting
through the use of siccative oil and mindsaked pigments would not have occurred

absent the discovery and economic viability of the technique. To cite another, the

E. H. CarrWhat is HistoryZLondon: Macmillan, 1961).
19 See Michael Hatt and Charlotte Klorkit History: A Critical Introduction to Its Method$lanchester,

UK: Manchester University Press), 37: iwhat gives
individuals worked within a precise set of technical and social constraiotsnstance, the artistic
materials at their disposal,o nt e mpor ary commer ci al practices and

9
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colourful, highly stylized block images that appear in thesepaguld not have been
created in the form they were outside of a technological environment whose parameters

can be defined and explained. To borrow from the language of mathematics and

BO NA
e Basement Breweries [Charisma WHE]
erciful Release
Phreak Island Systems

The Form oft he I nterface | 1: Stock Outoput from ¢t
version 1.10, 199%'

computer science, a function expresses a dependence between variables; some of these
variables (Ainputo) ar e Kk n ocedbythewbpdratiom oft he r
a relationship or algorithm. Historians are intimately familiar with this concept because it
is the bread and butter of their work: by running derivations against the output of certain
events using the input of other events, teegk to define relationships whose operation
is responsible for the development of phenomena through time. In this they are the
reverseengineers of causalitytechnicians of the past working on the algorithm of why.

The images presented here reprefgsitsuch a discrete series of outputs that can
be related back to equally discrete inputs through a causal argument. This form of
artwork ( i A N Slévelgped during the late 1980s, flourished during the 1990s, and
disappeared by the turn of the centurit was the product of a unique computing
environment in that its form represented a response to the technological constraints of the

IBM PC as it existed during this period. It was most often found on that class of bulletin

"4 Chari sma v. 1 ChHaGsmaBBEBS Sofiwa versidn litHamilton, Ontario: Grip
Microdesigns Inc., 1994jtp://archives.thebbs.org/bbs programs/cbbs110fatipessed March 10, 2009).

10


ftp://archives.thebbs.org/bbs_programs/cbbs110r.zip

board systems that used a parar family of software and operated within what has

been referred to as tlkggital underground, the segment of the online world dedicated to

matrix menu...

Check Feedback Chat Logof f
by Lord

The Form of the Interface lIMa t r i x Me nu Jazz

Software version 2.30, 1995. Is this aft?

Logon

(

hacking, software piracy and other illicit activitieds creation was inspired by attempts
by artists and systems operators to gain acteslefinable social goods peculiar to the
computing paradigm of the era and the patterns of production, distribution and
consumption permitted and encouraged by the same. Finally, the development of the
aesthetics of the form was driven by technologathlances within this paradigm, and its
disappearance can be traced to an equivalent market paradigm shift that was responsible
for the rise of the Internet

Beyond the palliation of nostalgia, the purpose of this work is #fulde First, it
will capture and expose examples of a form of expression that, subject to the
forgetfulness of the pragmatism of the present, are in danger of being lost forever.
Secoml, it will relate this form back to a particular time period and series of governing
conditions to explain why it developed when and in the way that it did. Finally, it will

demonstrate the validity of the explanation offered by charting the evolutithe ddrm

L ord Jazz, @Oblivion/ 2 Oblivien/2B®BS Shfmvare \lersion 2.@0mcation ANSI| |, 0
Unknown: Darkflame Enterprises, 1998)://archives.thebbs.org/bbs programs/obv2%2d230.zip
(accessed March 8, 2009).
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and its demise as these governing conditions changed and, eventually, became
inoperative. In fine, these artworks may be used as a lens through which the dense
network of economic, technological and social factors that inspired their creatgbh mi

be viewed. More important than this, however, is that their use necessitates the bending
and adaptation of certain rules of contemporary historical scholarship. This represents an
opportunity to demonstrate that the mode and methodological assusptiacademic

hi story are still viable in an epoch i n wh
basic unit of analysis, the document, in a way that presents new problems in the
authentication, use, and preservation of source materials.

All of this is made vastly easier by the fact that the period under study is one of
both recent and personal memory, with the latter serving to fill gaps in the record
introduced by the twin forces of deletion and obsolescence. While the argumentative
essence ofhistory is the interpretation of data through the operation of causality,
historical enquiry shares points of convergence with art not merely by its expression
through narrative, but because it demands that the historian engage in a work of
imagination: bhat of conjuring the past from the perspective of the present. When the
distance between the two can be measured in terms of a few years to a few decades, the
disconnect between what is known now and what existed then is proportionately reduced;
so too isthe imaginative burden. Bias toward the sources emerges because of their
proximity, the secalled presenrininded fallacy, but there are also more sources available

T and as shall be discussed, they are not-livegl.

Categories of Analysis
No good workof research may proceed without defining its terms of reference.
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The narrative presented here will draw on four categories of analysis that will be used to
identify and characterize certain historical forces and explain the influence they exerted
over thedevelopment of the form of the artwork discussed here. Drawn from established
scholarship in the fields of sociology, history, and the history of technology, these present
a conceptual framework through which events can be traced back to their orgginatin
causes® In this it should be remembered that categories are a mere conceptual
framework foisted on events of greater complexity than can be described using any given
schema; when the object of enquiry is the operation of an entire subculture, calbe must
taken not to view the categories employed as either exhaustive or definitive. Those used
here are filters designed to sift data and render it comprehensible, and filters are
inherently lossy in that their purpose is to emphasize what is viewed agtantpy
discarding data deemed irrelevant. The story presented here cannot be viewed as the final
word on the development of the species of computer artwork under discussion, but

instead a preliminary examination designed to encourage further schalarship

Category I: Constraint

All human activity is subject to a variety of forms of constrafnWhile freedom

may exist in the abstract, philosophical sense of the word, only a sophist would argue that

13 This work follows up on several important studies in the history and anthropology of software production
and aesthetics. On free and open sosofevare, see Steven Web€&he Success of Open Source
(Cambridge, M.A.: Harvard University Press, 2004); Yochai BenKlee, Wealth of Networks: How Social
Production Transforms Markets and Freed{ew Haven: Yale University Press, 2006); Christopher M.
Kelty, Two Bits: The Cultural Significance of Free Softwédeirham: Durham University Press, 2008).

On new media aesthetics, see, for example, Noah Wardip Fruin and Nick Montfortheddew Media
ReadernCambridge, MA: The MIT Press, 2003). On capiit, see Siva Vaidhyantha@ppyrights and
Copywrongs: The Rise of Intellectual Property and how it Threatens Credh\ty York: NYU Press,
2003); Lawrence Lessigode: Version 2.2"™. ed (New York: Basic Books, 2006) and Tarleton Gillespie,
Wired Shut: Copyright and the Shape of Digital Cult¢@ambridge, MA: The MIT Press, 2007).

4 Roger Garlock BarkeHabitats, Environments and Human Behayi®an Francisco: Joss@®ass,

1978); Robert GiffordEnvironmental Psychology: Principles and Pract{@»ston: Allyn & Bacon,

1997).
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there is a onéo-one relationship between abstracteffem and practical or realistic
freedom. What this means is that while seifare entities are arguably free to do as they
wish, what they may actually do is constrained, as an example, by their physical and
mental capacity, their imagination, the leveésocioeconomic development of the society

in which they operate (including the availability of resources and goods), and the
influence of authoritative, normative structures that proscribe certain behaviours. This
sum of physical, macrohistorical and imidual forces defines the upper limit of what is
possible in a given period; so doing, it describes what is probable within the same.

As a category of analysis, constraint is so intrinsic to the way human beings
interact with the world that it is ofteoverlooked. From the assessment of bare physical
threat to the execution of strategy, all choice that features an estimation of risk appeals to
constraint when evaluating alternate courses of action and hypothetical chains of
causality. Constraint mayebfixed, or elided by choice; it may be structural and
economic, or it may operate individually; it may prescribe hard limits or merely influence
behaviour. Most significantly, it may frequently be bypassed or undone by conscious or
unconscious human agity. If one accepts that humans are advantsgking creatures
as a function of their status as biological organisms and that they frequently seek
advantage without active knowledge of the object sought or the internal workings of
mechanisms they interawith, two conclusions present themsellesThe first is that
human beings will seek to overcome limitations that affect their ability to survive and
reproduce, whether these lie in accessing the bare rudiments of subsistence er higher

order manifestatins of the same like wealth, prestige and power. The second is that

15 Friedrich von Hayeki.aw, Legislation and Liberty, Volume 1: Rules and Ox@fricago: The University
of Chicago Press, 1973).

14



knowledge of the existence of a given constraint is not required for that constraint to
exert influence over behaviour.

Because constraint proceeds from matters as fixed as the lams®Ereation of
energy to those as flexible as the influence of morality on choice, a description of the
relationship between constraint and the development of events is always contentious.
Furthermore, because many forms of constraint can be influencéairogin agency,
causal reconstruction becomes especially difficult as the number of subsidiary factors
loosened or tightened by the modification ofliacreteconstraint spirals out almost to
infinity. Historians cut their way through this thicket of redaships through the use of
induction, the black box of lived experience whose premises allows a picture of what is
believed plausible to be assembled from otherwise undifferentiatable masses of data.
That these assumptions are inexplicable in that thegatebe unpacked by their bearer
or separated from an individual consciousness explains why the same evidence can
produce quite different conclusions and why history is a technical discipline instead of a
science: its mechanisms of observation are notraggghfrom its observers, and their
calibration cannot be known. Furthermore, as the scale of the constraints considered is
increased, so too must be the recourse to induction. Thus while the use of inductive
filters is what makes the writing of histoppssible, such abstraction obscures the nature
of what is studied in proportion to the complexity of the system considered.

These factors are diminished when the object of enquiry was produced on a
definable, documented technological system. While compuie generative
technologies and the influence of certain hardware limitations can be lessened through

the use of software, the technical specifications of a computer platform represent a fixed
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constraint within which all expression via that platform trtagke place. This is only the

case where a given form of expression lives wholly within the system, ie. is both
produced and viewed on the same platform without recourse to intermediary actors or
technologies, but just such a case is presented in therkrthat will be discussed here.

As will be clear by the end of this essay, the form of the type of system that permitted
online interaction during the period under study and the gradual evolution of the
aesthetics of this form was directly constraingdhe limitations of specific technologies

used in that period. That the explanation offered here is defensible is demonstrated by
the fact that no great inductive leaps are required to link these limitations to the form that

emerged.

Category Il: Paradigm Shifts

The concept of the paradigm shift is derived from a seminal work in intellectual

history, Thomas KuhnShe Structure of Scientific RevolutiofisTo Kuhn, a paradigm is

a way of conceptualizing the universe, one that bounds a specific set of phenomena by
explaining them in terms of the paradigm and renders them controllable by the
application of its rules. As the accumulation of experimental giadually reveals the
inability of old paradigms to explain physical interactions, pressure builds around the
deficient elements of a given theory until it collapses and is replaced by another novel
theory that can explain them without logical inconsisyeor exception. Kuhn described

this process as one that was fundamentally social and constructed instead of

epistemologically pure, with the adherents to old paradigms defending them out of the

¥ Thomas S. KuhriThe Structure of Scientific Revolutiof@hicago: University of Chicago Pred€62);
John Worrall, ANor mal Science and Dogmat i s m, Par adi
L a k at dmomas Kuhmed. Thomas Nickles (Cambridge: Cambridge University Press, 2003).
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desire to maintain prestige instead of the purportedly nobtgive of the advancement

of knowledge, but the adaptation of the concept presented here will overlook this
argumentative thrust in favour of using it as a means to describe fundamental changes to
the operative landscape of technology.

Here the paradignshift takes the form of successive consumer revolutions in
technology. These are revolutions of commoditization, defined as the process by which
economies of scale render previously expensive, inaccessible and distinguishable goods
inexpensive and indisiguishable in the marketplace through their increased availability
to the consuming public. Classic historical examples are sugar and coffee, which began
as luxury goods before the workings of European imperialism made them a staple of
nascent consumeioasieties. A contemporary example is computers, more accurately
described as access to microprocessors, whose successful commoditization was
responsible for the decline of the mainframe era that existed prior to 1980 and the rise of
the personal computen ithe period that followed. Of more recent vintage is the
commoditization of network access, a hallmark of the end of the age of the traditional
tel ephone ¢ omp anid90(RilApandBits keplacément 19y 2h@ Internet
era. Yet more recent Btis the commoditization of software and computing platforms
themselves through the development of the open source software movement and cloud
computing'’ What is of interest here is not the reconstitution of physical reality
according to a theoretical adel, but instead the diminution or elimination of specific

market constraints that affect the price and availability of goods. These represent

" See Sidney Wilfred MintzSweetness and Power: The Place w§& in Modern HistoryNew York:
Viking, 1985); Jack ManndRrivileged Goods: Commoditization and its Impact on Environment and
Society(Boca Raton: Lewis Publishers, 1999); Johadesberg Hacking Capitalism: The Free and Open
Source Software Movemdiiew York: Routledge, 2008); and Nicholas G. Cétre Big Switch: Rewiring
the World, from Edison to Goog(Blew York: W. W. Norton & Co., 2008).
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changes in the paradigm of the marketplace, defined as what problems can be solved
through the application ohée limited capital available to individual consumers and small
businesses.

An economic or consumer paradigm shift is typically the direct descendant of a
scientific paradigm shift that allows for the emergence of new technology, but this is not
always thecase. When evaluated from the perspective of the widespread market
availability of technology, consumer paradigm shifts may occur simply because of
changes in the ancillary technologies that support the production and distribution of
goods. As an examplof the lead time between a scientific paradigm shift and its
consumer equivalent, consider the case of the microprocessor revolution mentioned
earlier. While the discovery of the scientific predicates of this shift took place in the
1950s and 1960s, theperation of economies of scale did not bring the application of
these technologies within the reach of consumers until the early 1088sfurther
example is supplied by the network access revolution of the 1990s. Broadband network
access was technolieglly feasible once innovations in semiconductors and -fiptecs
could be combined into a package that transmitted data as I@isumerbroadband
network access, however, was oelgonomicallyviable once the cost of acquiring and
deploying these tdnologies dropped to a point that permitted the development of a mass
market.

In Kuhn's theory, what drives the replacement of a scientific paradigm is its
inability to satisfactorily explain certain physical phenomena. In the adaptation used in

this paper, what drives consumer paradigm shifts is the inability of the existing

18 Ernest BraunRevolution in Miniature: The History and Impact of Semiconductor Electronics
(Cambridge: Camlidge University Press, 1978).
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technological framework to produce marked improvements in either efficiency or
productivity. The personal computer revolution occurred because corporations and
consumers found gres efficiencies in adopting a distributed, individualized,- on
demand, useoriented approach to data processing than continuing with the centralized,
departmentalized, timghared, batclriented approach common to the mainframe era.
Lying underneath theommaoditization of the computer was the discovery and successful
commoditization of integrated circuits and, eventually, microprocessors, volatile memory
and storage medfd. Likewise, the network access revolution occurred because of the
need to communate across great distances at costs lower than those charged by
traditional telephone companies and because greater efficiencies could be realized by
both connecting users to each other and liberating purchasers from -spediic
network implementations These demands drove the development of-nhaist
infrastructure solutions and the adoption of the Internet Protocols (TCP/IP) as the
standard means of network information interchafige.

Economic paradigm shifts are macrohistorical events because trdgnfantally
alter how goods are produced, distributed and consumed. They do this because
commoditization brings the cost of formerly emergent technologies down to the point
where they can be acquired and used by typical consumers and businesses. fi& scienti
paradigm shift is always of historical interest because of the discoveries it produces and
the way in which it alters our understanding of the universe, but of greater relevance to

the study of consumer societies is the operationalization of a newptanche form of

19 Carlota PereZTechnological Revolutions and Financial Capital: The Dynamics of Bubbles and Golden
Ages(Cheltenham, UK: Edward Elgar, 2002).

®Edward J. Malecki, fAThe Economi c EGeomg Geogrdpgy of t he
78,iss. 4 (October, 2002): 39224,
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the adoption of the technologies derived from it.

Category lll: Operating Environment

Operating environment is best defined as the complex ecology of hardware,
software and network technologies that are the product of an identifiabietegical or
consumer paradigm shift. It can comprise everything from the availability of technology
to its prevalence, the geographic and demographic features that govern its use and, as
defined by the paradigm, the natural limitations of the techmedog question. In the
history of computers, the implementation of technology in the form of a discrete,
integrated package is best described as a plafforfihis is a combination of hardware
and software that defines the framework through which comgputsources can be
accessed and used. While any mathematical function or repetitive operation can be
implemented in software, the specifications of the hardware that underlies the platform
represent a fixed, uppémit constraint that defines the absmuange of software that
may run on it. Beyond this, operating systeimthe system software that provides
applications with an interface layer to the underlying hardwamepresent a constraint
that determines the practical range of software thatxiahan a given platform.

It is thus natural that the limitations of a given platform will define the forms of
expression that can be sustained on it. Consgnagle digital video did not exist in the
1980s because the computing platforms dominant it éhea did not permit it: their

hardware was insufficient to the task, and because of this insufficiency no software that

2L Of late, scholars have recognized the utility of the platform as a lens through which other social and

economic phenomena can be exposed. This technique represents one of the central mettafdblegies

wor k. See |l an Bogost and Nick Monfortds book serie
http://www.platformstudies.conand the first book in the series: Nick Montfort and lan Bod®atjing the

Beam: Tle Atari Video Computer Systé@ambridge, MA: The MIT Press, 2009).
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might permit expression in this form was developed. Certain elements of a given mode
of digital expression are thus uniquely referatdethe constraints of the platform on
which they took place. At a higher layer of abstraction, these constraints also define the
social aspect of patterns of use: because they were centralized resources, mainframes
encouraged the development of commesitbounded in physical space. The natural
opposite to this are microcomputers, which tend to produce communities bounded by the
reach of the networks they are capable of accessing.

It would be a mistake, however, to think of platforms and operatingamagnts
as equivalent concepts. The difference between the two is one of scale: while a platform
is bound to a single object in the form of a computer, operating environment refers to the
overall technological context in which computing takes place. Ashsit absorbs
everything from the way in which computing resources are packaged to the means
through which computers can be connected to each other (networking technology and
topology), the ways in which software is produced and distributed (closedrosopece,
physical or virtual media) and, most importantly, the range of social and other goods
available through the use of technology and the mechanisms that control access to these
goods.

The best way to illustrate the effect of the constraint ofaip®y environment is
by examining a good desired across periods separated by different paradigm shifts and
the way in which technology influences the social interactions that permit access to this
good. Software piracy exists in both the period underysaul the present because
individuals desire commercial software products but in many instances would prefer not

to pay for them. Where applicable, they would also prefer to avoid being prosecuted for
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copyright infringement. When the distribution of aoercial software (which is priee
scarce) takes place via physical media due to the absence of digital access points through
which it may be acquired, pi r aicthe physical u me s
passing of disks between individuals. Hererehis concurrence between the physical
social network in which an individual broadly operates, the social network through which
they acquire commercial software, and the assessment of trustworthiness that permits
access to the same.

When the same basic atitions of distribution persist but the public (in this case
telephone) networks allow for the creation of informal digital distribution points, the
result is the disruption of the link between the physical and social networks that give
access to these gi@ As was the case in the 1980s and early 1990s, this encourages the
rise of virtual communities whose membership is bounded by what geographic and
economic constraints are reflected in the structure of the network (area codes and long
distance charges) Legal liability is mitigated through the putative anonymity of the
medium, though this means that trustworthiness can only be determined by how users
present themselves to others, how vigorously they participate in the illegal distribution of
software, and how well they demonstrate their commitment to the values of the
community by adopting its expected attitudes andesgifessive tropes. Finally, when
the network no longer carries forth geographic constraints as strongly, the result is the
creation & user communities bounded only by the broad limitations of language, interest,
and network accessibility. This is the case with joiiennial software piracy, which
recognizes limitations of geography and jurisdiction only to the extent that sitwvey ser

assets in certain countries reduces the risk of civil or criminal sanction.
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What should be clear from the preceding is not just how operating environment
affects the likely form of user interface, as is the case with hardware and software
limitations, but also how it is produced by paradigm shifts that strongly influence the
social aspects of computer use. The production of the artworks that will be analyzed here
occurred in a definable operating environment that exerted two forms of pressure. The
first, an unavoidable constraint, was inherent in the medium through which they were
created and viewed: the limitations of the platform used by their authors was directly
responsible for specific aspects of the form of their expression, and identificatiosef
limitations gives a strictly technological explanation of why they appeared as they did.
The second, a persuasive or influential constraint, proceeds from the features of the
overall operating environment of the period instead of those restrioteal given
platform. By demonstrating how larger economic factors affected patterns of computer
use and thus the reasons why the online communities that were the galleries of these
artworks developed, a more comprehensive explanation of the motivatibe aftists

and the tropes they employed emerges.

Category 1V: Ethos

The final constraint that will be employed in this analysis is ethos, defined as the
characteristic spirit of a people or community. Ethos consists of the overt and latent
values of a grop unified by geographic propinquity, historical circumstance or voluntary
association, and these define the virtues and vices that are held up for approbation or

reprobation by members of the gratipValues may be completely organic to the entity

2 L. Epstein,Ethos and Identity: Three Studies in Ethni¢ew Brunswick, NJ: Aldine Transaction,
2006).
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which austains them, but they are far more frequently defined by interaction between the
group and either economic constraint or other social actors. While ethos traditionally
describes the spirit or belief system of those living in an embedded communitybgined
ties of kinship or nationhood (sbpal | ed hi st ori cal Apeopl eso),
diversified, industrialized society it is more appropriate to describe not a single ethos but
multiple cultural constructs operating at national, regional, @lltand sukcultural
levels?®

It is the adoption or rejection of the values contained in ethos that defines the
baseline for membership in a given commuiiitst least so long as such membership is
construed beyond the merely physical or geographic. aboeptance of values may
occur through acts observable by others, but more typical is the signalling of acceptance
through the use of symbols. These may range from simple statement or braggadocio
through to expressions as complex as reputation and Sivithin a group, power and
prestige flow to those individuals who control access to resources or whose conduct best
embodies the values the group considers praiseworthy. Values themselves are reinforced
and gradually modified through individual or colleetacts of performancd. Ethos acts
as a constraint on behaviour by defining what should and should not be done by members
of a given community in order to sustain membership in that community. Like paradigm
shifts and operating environment, the relasioip between ethos and the actions of
community members is not deterministic; much as the first two are products of economic

and technological evolution, ethos is the sum of a continuous process of social evolution.

% For a good treatment of embedded communities, see Charles Mgtiern Scial Imaginaries

(Durham: Duke University Press, 2004). Historical peoples are discussed in John Alexander Armstrong,
Nations Before NationalisfChapel Hill: University of North Carolina Press, 1982).

24 Andrew Parker and Eve Kofosky Sedgwick, eBerfarmativity and PerformancéNew York:

Routledge, 1995).
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As the products of human endeavouerthethos and operating environment therefore
influence free will as much as they can be undone by it.

Certain factors distinguish the ethos of online communities from all others,
however. The first is that online communities do not exist in physmates so the
assessment of vakeonformity by their membership must take place through
representation or symbolism. As these communities operate outside the bounds of
traditional social surveillance, members must repose a higher degree of trust in the
representations of their peers. The second is that participation in these communities is
voluntary in a way that membership in physically bounded communities is not. To join
an online community one must <connecltdo to
identity and representative identity is disrupted by the anonymizing interposition of the
terminal and the network, no force of involuntary peer pressure or equivalent social
coercion exists. This is only truly the case in completely anonymous oolim@&wgnities
T as an example, the pressure to join -aopnymous social networking sites like
Facebook can be quite highbut where the artwork discussed here achieved its fullest
flowering was on systems that eschewed the use of real names.

Addressed herander the banner of ethos are the values of thénpeenet digital
underground. Their examination permits the reconstruction of what was important to
members of the archipelago of systems that defined this branch of the online world
during the period wher study. It also offers insights into why some messages and
aesthetic choices, tropes by any other name, were repeated and reiterated by artists who
adopted the form. As will be clear by the end of the analysis, the technological paradigm

of the era ad the operating environment it produced were responsible for the framework
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in which these values developed, with changes to both of these constraints producing the
permutation of these values that persists into the present. The novelty of the medium, for
no widelyavailable online communities existed prior to the 1980s, means that the period
examined here represents the first instance in which these values emerged. As such,
studies like this stand as the mooring stones of what will hopefully become a new

platform of historiography?

Problems of Historical Research in the Reconstruction of Online Communities
History became a professional discipline in the late nineteenth century, and many
of the assumptions of that period are carried forth in its curremteits. Foremost
amongst these is the privileging of the document within the general category of sources.
While the definition of what qualifies as a document has expanded tremendously over the
past fifty years, the key criterion that distinguishes doeots from all other sources
remains: as a representation of information, they nypstally take a bounded, physical
form. The reasons for this are straightforward and go to the heart of historical
methodology. Elementary analysis of sources beginks dafining what they are and
determining when, where and by whom they were produced, all core components in the
process of authentication and weighting that defines the relationship between historian
and evidence. These tasks are proportionately eadierphysical documents for four
reasons, namely that they are sigétifiable; the location in which they are found
provides evidence of authorship, intent and authenticity; the constituent parts of the

document (ink, paper, etc.) can be studied forergjcahd the cost in effort to produce a

% For a recent example, see Fred TurResm Counterculture to Cyberculture: Stewart Brand, the Whole
Earth Network, and the Rise of Digital Utopiani§@hicago and London: University of Chicago Press
2006).
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physical forgery is high enough to make such occurrences unusual. Furthermore, the
citation formats most commonly employed in the writing of history are geared toward the
documentary products of the pdeital era, namely books, articles, letters, reports,
bureaucratic minutiae and so forth that with identifiable authors, publishers, and
publication dates.

Sources that are created, viewed and stored entirely in the digital domain often
fail to carry these heurisi¢c especially when they are created informally. The identity of
authors is obscured by their use of pseudonyms and the anonymous nature of networked
communications. The physical identifiers that allow documents to be traced to a
particular place and timare reduced to what limited and untrustworthy information is
captured by the filesystem on which they reside. Perhaps most importantly, the
technological platforms that allow for the display of sources like these as they would
have appeared when new ay@dually degraded and eliminated through obsolescence.
These are not sources that can be held in the hand or which hold out the prospect of
palimpsest, and they cannot typically be stored in an archive in a way that preserves their
original integrity. Rper, parchment, animal skins, stone and wax tablets and all of the
other traditional vehicles of information interchange are incredibly-lmeg when
compared with their digital counterparts. They can survive fire, flood and physical
decay; they may mader unmolested in an attic or basement until a researcher finds them
and puts them to use. No medium of digital storage whose lifespan can be counted in
more than mere decades presently exists, and beyond physical media lie the problems of

file format,encoding and compatibiliy’

% Roy RosenzweigClio Wired: The Future of the Past in the Digital Agéew York: Columbia University
Press, 2011).
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Because of its inherent preference for the physical instead of the digital, the
reconstruction of history through the use of primary sources inexorably privileges those
groups and individuals who were organized enoughrecord their activities on
traditional media. Entities constructed along formal lines of organization, be they
government ministries, benevolent societies, political pressure groups or any number of
equivalent analogues, have long stood as the standajdctsu of research. Where
hi storians have used digital sources they
historical scholarship, namely spelunking in archives, assembling narrative threads from
packets of correspondence, or closading diaries This is partially due to the origins of
the current generation of practising historians, many of whom were reared in an era in
which the definitional integrity of the document had not been as undermined by
digitalization as it is at present. But itagsso because academic history as it currently
exists is illsuited to an age of continuous, seamless connectivity and-tpeoint
communication through machines.

Beyond the problem presented by the changing nature of the document in the
twentyfirst century is the issue of boundedness, for until now historians have been able
to view the authors of documents through the lens of social formations that are in some
way referable to physical space, be they in the form of nation, class, ethnicity and so
forth. While these concepts still work even in a period of intense globalization, as most
economic and social activity still takes place primarily in the physical world, they fail
spectacularly when applied to communities that exist solely within the realtheof
network. How does one apply either traditional methods of documentary analysis or

traditional conceptual frameworks to an online message board or a chat room? How does
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one evaluate transnational entities that are bounded only by the electroniolgrttat

carry their communications? The antecedents of this development lie in the telephone
and telegraph, but neither of these media presented an environment like that of the
present, in which an unavoidable bifurcation between the real and virtdahasel
emerged. The denizens of a given time period often think that the age in which they live
is without precedent, but the changes that have been wrought by the rise of the Internet
and its precursor technologies have made the present different frggasthiem a manner

that is unusual.

The problem currently faced by history is but another facet of the problem
currently faced by newspapers and record labels, namely the commoditization of
information. Privileged publishing points no longer exist ascgtal required for mass
publication is within the reach of more people than ever before, but this cost is reduced
because of the ephemeral nature of the medium in which such publication takes place.
Similarly, the primacy of physical archives has besgtuced because an archive can now
be anywhere computing, mass data storage and networking technology converge. The
difference between these archives and those that preceded them, however, is that digital
document repositories can be destroyed by simgktide instead of more cataclysmic
acts of God and their contents can never be said to be either authoritative or subject to
standard methods of authentication. Sources must be taken on their own merits like
never before, and sources must be recognizéwthismore fragile and difficult to access
than those that exist on paper or other immediaebtessible physical media.

To meet these challenges, certain rules of historical scholarship must be bent or

suspended. First, the document author must beoadkdged as truly dead, or at least
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the conception of the author as a physically discrete entity that can be known beyond his
or her voluntary, symbolic representations of self. The artists who created the works
studied here operated anonymously and thereno ready or plausible means of
discovering their personal histories as a way of understanding why they created what they
did. Second, the notion of place and time as features that root a document in a specific
milieu cannot be sustained when evalugtidocuments created and viewed wholly
digitally: one cannot know where a document was created as the site where it is found
gives few clues as to its origins, and one cannot rely on the date information carried
within a document for any reason other thaees necessity as the relationship between
date and document is anything but indelible. Third, none of these documents can be
viewed in their original context as the systems that hosted them have all been destroyed
by obsolescence. While the hardwarevdrich such systems ran can still be acquired,
this will not be the case within approximately two decades, and while these hardware
platforms can be emulated in software, such emulation only imperfectly captures the feel
of the original systems.

From thesepremises a set of broader assumptions are derived, and it is these
assumptions that make the writing of this work feasible. Undergraduate students of
history are warned to be mindful of the presemded fallacy, specifically the fact that
the interpredtion of events of recent vintage is made more complicated by the lack of
emotional distance between researcher and subject. The concern is that the values of the
present or the conclusions that proceed from the same will be carried too strongly into the
interpretation of the available evidence. Because the window in which digital sources of

the type examined hefiethose of spontaneous, selfganizing communitie§ can be
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found and analyzed is compressed by the nature of the sources themselves,usb b@o m
the length of time that separates acceptable subjects of research from those that are
considered too close to the present.

Next, because the memory of the systems
or atmosphere created through the use egalsystems and the ethos that this gave rise to
exists most completely in the minds of those who used them, certain of the techniques of
personal memoir must be enlisted if a comprehensive image of the period is to be
assembled. Much must be taken thtougt he r ecol |l ecti on of the
although memory is unquestionably fallible, given weight on their authority alone.
Finally, because these sources carry so few bibliographical details of their own, the rules
of citation must be weakenedtifey are to be incorporated into the work. Here they are
frequently given approximate titles and estimated dates, and while part of the final
chapter is devoted to discussing two of th
is speculative at Is¢.

The considerations and assumptions advanced in this and prior sections provide a
rough outline of how this study will proceed. The overall scene will be set by discussing
the paradigm shift that permitted the rise of the microcomputer and desciiteng t
secondary technologies that developed in the market churn created by competition
between computer platforms. This partial picture of the operating environment of the era
will be complemented by a treatment of the market constraints, mainly in theoform
networking technology, which encouraged the development of the type of online systems
that hosted these artworks. Next, the platfgpecific technological constraints that

defined the buildindlocks of the form will be identified, and the way in whnigradual
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changes in these constraints affected how these artworks were created and viewed will be
analyzed. Finally, ethos of the digital undergrounts values and how they were shaped
by the operating environment in which they emergedll be analyed in an attempt to

explain the social forces that encouraged artists to develop this mode of expression.
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Digital Ecology in Evolution: Paradigm, Operating
Environment and Platform

Cyberspace. A consensual hallucination
experienced daily by billions of legitimate

operators, in every nation, by children being

taught  mathematical concepts... A  graphic
representation of data abstracted from t he banks
of every computer in the human system.
Unthinkabl e complexity. Lines of light ranged in

the nonspace of the mind, clusters and
constellations of data. Like city lights,

receding.

-~ William Gibson, Neuromancer 2’

The first link in the chain of events that explains the gemece of ANSI art, the
dominantmode of artistic expression of the computer bulletin board systems of the 1980s
and 1990s, is the consumer paradigm shift referred to in these pages as the
microprocessor revolution. The development of microprocessor technology, its
commoditization, ad its integration into the personal computer represented a
fundamental weakening of market barriers that inhibited consumer access to automated
data processing technology. It is natural, then, that the history presented here begins by
providing an ovengw of the origins of computing technology and an explanation of how
hobbyistentrepreneurs eventually came to create a mass market for such devices.

This paradigm shift was only the beginning, however: once consumers began to
adopt the microprocessor in earnest, other adaptive changes took place within the

technological operating environment of the period. IBM entered the personal computer

Zwilliam Gibson,Neuromance(New York: Ace Books, 1984). This represents the point at which the
term ficyber s p adem kexicerihGibsan endentdd it mNeoromancer.
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market in brce and came to define the dominant hardware platform of the age; as this
was the native environment of ANSI art, the peculiar reasons for its success will be
briefly discussed. Next, as the most widely accessible public network in the period was
the pullic switched telephone network, a short treatment of the history of the North
American telecommunications network and the popularization of the analog modem,
again a product of the actions of hobbgstrepreneurs, will be provided. Finally, as
ANSI artachieved its highest form on that class of bulletin board systems that specialized
in software piracy, we shall address the ways in which the microcomputer and the modem
both created a market for personal computer software and affected the ways in which it
was distributed. By the end, a complete picture of the broad technological constraints
that defined the technological operating environment will emérgad through it, an
exposition of the economic premises required to permit expression through ANSI ar
When considering the relationship between a precursor technological
breakthrough and its eventual transformation into a market paradigm shift, it is important
to remember the role of popularization and the dialectic relationship between independent
tecmology popularizers and established business entities.  While scientists are
responsible for bridging the gaps in knowledge that eventually lead to new consumer
technologies, in the computer industry it was frequently the technicians who, by virtue of
ther work in the big information technology businesses of the day, helped new
technology escape from its corporate or scientific cloister and applied it to the problems
faced by consumers. Without hobbyists, whose activities proved that a market for
personalcomputers was viable, the industry would not have appeared at the time that it

did; without corporations reaching down and exploiting opportunities the hobbyists had
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made obvious, the mass market for this class of devices might have developed much
more sbwly. Hobbyists were likewise responsible for the consumer adoption of the
modem and the invention of the bulletin board system. Through this, they inadvertently
ensured that BBS operators were private,-imstitutional actors, a fact responsible for

the origins of mass software piracy and, through it, the unleashing of social pressures
responsible for the finest examples of ANSI art.

What each of these developments represents is a response to market constraints in
the form of the pricaaccessibility oftechnology. Where these constraints weakened, as
was the case with the microprocessor, diysheration computer hobbyists found that
their desire for creative expression through technology was no longefinacmessible.

Where they remained strong, &as the case with telephone long distance rates or the
price of software once the personal computer market became established,- second
generation hobbyists ones whose level of technological sophistication made them users

of technology rather than pionsédr determined how these new technologies could be

used to access sought goods at reduced cost. What separates the hardware hackers of the
1970s from the ANSI artists of the 1990s is the scope of the constraints under which they
operated: the former levaged the overall technological environment of the era to create

new platforms out of nothing, while the latter worked within the much moregfiamed
constraints of their chosen computing platform to, amongst other things, conjure artwork

out of the ethe
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The Microprocessor Revolution

Prior to the late 1970s, computing took place on mainframe comptitaisese
were expensive, physically imposing bafmocessing behemoths produced by big names
in American business like Honeywell, Westinghouse, UNIVA@ #re ubiquitous IBM.

While mechanical quasiomputing devices have existed since time immemorial, what
distinguishes a modern computer from its mechanical precursors is the fact that the
former represents an unchangeable implementation of a specifet sfifignctions while

the latter, sec al | ed Auni versal 06 computers, are the
algorithm in softwaré® Computers have been conceptualized as thinking machines, but

in realityi or at least at presentthey are little mog than complex calculators producing

results according to determinate, hurtmsigned mathematical functiofs. The

productive strength of computers lies in their ability to process data, specifically their
ability to substitute electronic effort for itsuman equivalent in the execution of
repetitious calculation®:

The natural applications of computing technology are in the automation of
repetitive processes, such as the performance of calculations that require speed, precision,
the use of large data setor any combination of the above. It is thus unsurprising that
both the initial and, until recently, largest users of computers have been corporations and

government entities responsible for tasks like the collection of census data, the

Bpaul Cerwuzzi, fANothing New Since von Neumann: A Hi
1995,0 in Paul R o j arke Fash@mputers Hidtbey airid Arghéecturese d s .
(CambridgeMA: The MIT Press, 2000), 19817.

29 Martin Davis, The Universal Computer: The Road from Leibniz to Tufew York: Norton, 2000).
®¥Technology is already undercutting this afeertion.
New York Times Magéine Online June 14, 2010,

http://www.nytimes.com/2010/06/20/magazine/20Comptiteml (accessed June 22, 2010).

31 Jo Marchant,Decoding the Heavens: A 200@arOld Computeii and the Centunt.ong Search to

Discover its Secretf€Cambridge, MA: Da Capo Press, 2009); Ettiore Carrddimthematics and Logic in

History and Contemporary Thougfitondon: Faber and Faber, 1964).
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management of ghisticated supply chains, the maintenance of accounts, the integration
and control of discrete systems, or the physical modelling of réalittModern
computing developed under the pressure of wartime, and its immediate applications were
in trajectory catulation, fire control, and cryptography and statistical anafysiState
level actors could afford the punitive costs associated with deploying and developing new
technologies and could command the labour of cutithge researchers and finance
researcltthrough the twin motivators of taxation and conscription. Although one might
expect that the end of the Second World War would bring with it a reduction in
governmenbacked research expenditures, the onset of the Cold War and the creation of
the nationalsecurity state and permanent defence research establishment it required
ensured continued capital investment in this atea.

Mainframe computing carried the imprint of the historical circumstances that
encouraged its development and the culture of itatgratrons, namely government and
the defence industry. Mainframes were expensive, physically imposing, centralized
installations of massively parallel data processing techndfogyln terms of
infrastructure, they required dedicated power, heating, lagohi and akconditioning

systems as well as consumables provided by their manufacturers and a small army of

32 Michael R. Williams A History of Computing Technolog@lyos Alamitos, CA: IEEE Computer Society
Press, 1997), 15493; Los Alamos National LaboratoByolving from Calculators to Computefd.S.
Department of Energy, Los Alamos National Laboratory, 1993),
http://www.lanl.gov/history/atomicbomb/computers.sh{adcessed January 12, 2010).

%3 Jack B. Copeland,edol ossus: The Secret of Bl e(Oxfordiey Par kos
Oxford University Press, 2006); James W. Cortadf@mrmation Technology as Business History: Issues in
the History and Management of Comput@iestport, CT: Greenwood Press, 2006).

3 pPaul N. Edwards;The Closed World: Computers and the Politics of Discourse in Cold War America
(Cambridge, MA: The MIT Ress, 1996), 433; 282294.

% George Gray and Ronald Q. Smitinisys Computers: An Introductory Histo$elf-published:

Lulu.com, 2008)http://www.lulu.com/produizhardcover/ehistory-of-unisyscomputers/4627477
(accessed July 4, 2010).
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dedicated technicians and administrative staff to keep the system rdhnigerating
continuously for efficiency and executing programs in batbey had no user interface
beyond punch cards or tape until the development of-simaging and inexpensive
terminals in the 1960s and 1970s. Their basic technologies and systems architecture,
however, were scarcely different from those of today: thegd volatie memory for
program and variable storage, employed integrated circuits for in their processors and
input/output units, and allowed for the connection of a variety of peripherals through
buses. They ran stored programs and conformed to thgndesthe von Neumann
architecturé’  Microcomputers differ from mainframes only in their size, cost,
availability, complexity and degree of integration, for what separates them from their
forebears is no great technological leap beyond incremental ierpeus in
miniaturization, energy efficiency, scale, cost of production, and their degree of
architectural parallelization. Both stood on the ground broken by the development of the
transistor and the integrated circuit, and both became commerciallye vilabiheir
respective eras in the main because of advancements in manufacturing technology.

Indeed, the only major difference between a microprocessor and the central
processing units of mainframe computers is that the former places all of the basic
subsygtems required by a CPU on a single integrated circuit. This became possible
because of advancements in the number of transistors that could be packed on a single
die, with smallscale circuit integration (SSI, tens of transistors) gradually being replace
by mediumscale integration (MSI, hundreds of transistors) in the late 1960s;deatg

integration (tens of thousands of transistors) in the-18id0s, and finally very large

% William Aspray and Martin CampbeKelly, Computer: A History of the Information Machi(éew
York: Basic Books, 1996), 13153.
% Davis, 177197.
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scale integration (VLSI, hundreds of thousands of transistors) in the 4880seyond®
Integration on this scale streamlined manufacturing and reduced the cost of processing
capacity to the point where computing technology became -pdcessible to the
consumer market. Although the history of the computer industry tendspioasine the
role of business and hobbyists in the widespread adoption of the microprocessor, it has
recently become clear that the first microprocessor was not the Intel 4004, but instead the
highly classified Central Air Data Computer of Garrett AiRedeawhich was designed
as the core of the avionics package of the US Nav{§4 Fomcat fighter aircraft’

Fascinating though it may be, the role of the Cold War in the creation of the
microprocessor is less important than the alterations wrought in bsisindsconsumer
life by the commoditization of microprocessor technology. The first consumer
applications of microprocessors were in desktop calculators like thefamoous
Busicom 141PF, which in 1971 used the aforementioned Intel 40047 asot
unexpectdly i a lowercost, lesscomplex alternative to the custom chipset originally
designed by the compafy. The gap between the desktop calculator and the personal

computer, however, was bridged by the maturation of the early market for

BE., M. Klassenyi diesS|amd posmgenSrall Bvegrationd Deviaes, Circuits and
SystemsaM. J. Howes and D. V. Morgan, eds., (Chichester, UK: John Wiley & Sons, 1984%;13
Lawrence Al t man,MGS pkrcli aarl g eRse platgeiScaled@itegraonh (NewyYorki i n
McGrawHill Publications, 1976); Lynn Conway and Carver Meladroduction to VLSI SysteniReading,

MA: Addison-Wesley Publishing Company, 1980); Arjun N. Saxdnaention of Integrated Circuits:

Untold Important Fact§Hackensack, NJ: Wit Scientific, 2009).

39 The standard (and very short) history can be had in Aspray and Caidpbgll236-7; compare this

with Ray M. Holt,Architecture of a Microprocessdgkocation Unknown: Selpublished, 1971),
http://firstmicroprocessor.com/documents/&8t97.pdf(accessed February 3, 2009).

“Int el C o Prpdact Taneling d Intel iluseun(Santa Clara, C.A.: Intel Corporation, n.d.),
http://download.intel.com/museum/research/arc_collect/timeline/TimelineDateSort7 (@mpessed
February 5, 2009)nt din&selFiCosrtp oMiactri,odphnfiedihdisesim or : The
(Santa Clara, CA: Intel Corporation, n.tt)p://www.intel.com/museum/archives/4004.htmaecessed
February 5, 2009); CRMu s e u m. ¢ oBn,t AMI c/r odp CBLUEMusesmcongKarksruhe, n
Germany: CPtMuseum.com, n.d http://www.cpumuseum.com/4004_e.ht(accessed February 5,

2009).
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microprocessors and ehapplication of the growing expertise of snslhle systems
designers to the problem of consurmgesde computing. Within the vibrant electronics
hobbyist communities in the United States lay untapped repositories of talent that would
serve as both their$t innovators and first marketplace for generalized computer
implementations targeted at individual users instead of large corporations or research
institutions™ The abundance of universilgvel courses in the FORTRAN (and later
BASIC) programming laguage for students in engineering, mathematics and the
physical sciences meant that the market problem of personal computing was one of
availability and cost instead of knowledge; likewise, popular interest and aptitude in
electronic engineering meant tthts problem could be solved by individual users in a

way that met the needs of individual us&rs.

“I Asprey and CampbeKelly, 233-236.

“2 FORTRAN was certified by the American National Standards Inetitu1966: see American National

Standards Instituté)SA Standard FortraNew York: ANSI Inc., 1966)http://www.fh
jena.de/~kleine/history/languages/ar3doB-1966 Fortran66.pd{accessed February 6, 2009). ANSI

produced a similar technological specificationforcsa | | ed A Mi ni mal Basic, 0 a der |
BASIC, at about the same time BASIC interpreters took the nascent microcomputer world by storm: see

American NationbStandards InstitutedNSI X.3661978 For Minimal Basi¢New York: ANSI Inc., 1978).
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The use of a keyboard or keyswitches &

60c W SEPT. 1973

Radio-Electronics

FOR MEN WITH IDEAS IN ELECTRONICS

_ _ BUILD ATV TYPEWRITER
controlling a computing platform had held swi Put Your Message On The-Sereen._

monitor as input and output devices f

since the their combination in the US Strate KRkl
What They Really Mean

. . . MASTER ANTENNA SYSTEMS
Air Command's SemAutomatic Ground How To Wire A Houss

Envrionment (SAGE) system in the 1950s, ;Xrgﬁmﬁmmsmm

far more familiar to the contemporary user
technology is the form assumed by D

Lancaster's TV Typewritéf. At the time its g
Step-By-Step Troubleshooting
R-E's Replacement Transistor Directory

circuit design was released to the public Lancaster 6s TV Ty
Electronics, September, 19%3.

RadicElectronics magazine in 1973, keyboards and cathode ray tube (CRT) monitors

were expensive, speciality devices that were either qomecessible to consumers or
available only to large manufacturers. This design, which was sold in a kit containing
printed circuit boards that were to be assembled by hobbyists, representedebut on
instance in which specialized technology osmosed from its institutional incubbadbrs

the time of its creation, Lancaster worked in developing displays for the US military

into the consumer marketplace. The permeable membrane of people that daparate
initial designers of technology and those that sought to make it accessible to the mass
consisted of those expert enthusiasts that comprised the core readership of magazines like
Popular ElectronicsRadioElectronicsand the genksettingByte.

The pattern of development of devices like the TV Typewriter illustrates certain

“Don Lancaster, Rafio/EleTtyomics 4dssi 9t(September, 1973): 432.

4 SemiAutomatic Ground Environment (SAGB)ashington, [T: Federation of Ararican Scientists,
1999),http://www.fas.org/nuke/quide/usa/airdef/sage.(decessed February 6, 2008gmiAutomatic
Ground Environment (SAGHBedford, MA: MITRE Corporation, 2005),
http://www.mitre.org/about/sage.htifdccessed February 6, 2009); Edwards1¥3.
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key features of the dawn of the microcomputer era. While military procurement drove
the development of specific technologies and the economies of scale generated by the
same redced prices to the point that these technologies could be acquired by the public,
their integration into widehaccessible platforms proceeded through amateurs instead of
industry™ The Altair 8800, one of the first popular minicomputer designs, was kit
assembled from what were still expensive but nonethelestheghelf component®
Popularization of these underlying technologies took place more in the garage laboratory
than the research and development facilities of established manufacturers, tm®ugh t
latter (Xerox' Palo Alto Research Centre is but one example) exerted an undeniable
influence over the shape of the conswmeented industry to con€. The exception to

this lovely narrative, one which draws rather heavily on the uniquely Americaa dfop

the tinkerer whose mechanical expertise eventually results in riches, is found in crossover
companies that adapted busiresented lines of manufacture to emerging consumer
demand for automated data processing technology. Even these, howeveajextigiith

single individuals: there could be no Commodore PET, a popular early microcomputer
design, had founder Jack Tramiel not shifted that corporation's focus away from
typewriters to desktop calculators, and then from calculators to genepse
computing devices that used substantially the same techri§logte microcomputer

revolution was thus one of technological popularization instead of breakthrough, with

%5 John Markoff,What the Dormouse Said: How the Sixties Counterculture Shaped the Personal Computer
Industry(New York: Penguin Group, 2005).

“Ol dcomputers. net , Ofdddnputsrs.AiOrtarmé Counsdy,8CA:M|deomputers.net,

n.d.), http://oldcomputers.net/altair.htrtdccessed February 6, 2009).

“"Douglas K. Smith and Robert C. Alexandeambling the Future: How Xerox Invented, Then Ignored,

the First Personal Computdr New Yor k: Penguin Group, 2005) ; Mi k e
G U oSitapaint.confCollingwood, Australia: Sitepoint.cor2001),
http://articles.sitepoint.com/article/reilstory-gui (accessed February 6, 2009).

“8 Brian BagnallOn The Edge: The Spectacular Rise and Fall of Commdtidirenipeg: Variant Pres

2006).
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incremental advancement and engtrend increases in demand driving adoption.

Just sub a technological fairyale exists in the example of Apple Computer Inc.,
established in Cupertino, California in 1976. The company began by selling the Apple I,
a kit computer assembled by hand by acknowledged engineering genius Steve Wozniak
in the gaage of his business partner, Steve Jobs. They sold prized personal chattels to
finance the development of their computer, built the system around the MOS 6502, the
cheapest available microprocessor at the time, employed an open, documented
architecturen deference to the hobbyist community that represented the foremost market
for the device, relied on the expertise of their users to add necessary components to the
system (a display and keyboard were not included), and were hardly sanguine about the
prosgect of longterm success or profitabilify. Subsequent models released in the late
1970s introduced expansion slots, long a feature of other designs originally targeted at
hobbyists, floppy disks, higresolution graphics, and an operating system thagistaal
of a BASIC interpreter running in reamhly memory (ROM)° Sales of the platform
trailed behind the offerings ofahdy and Commodore, both of whiehtered the personal
computer market at approximately the same time, until an elemental featune of t
microcomputer paradigm catapulted the company to rapid success. This was user
designed software, specifically VisiCalc, the world's first spreadsheet application.

Vi si Calc represents the first and best

program thaso thoroughly meets an emergent technological need or is so desirable that it

9 Michael Moritz, The Little Kingdom: The Private Story of Apple Comp(i&w York: W. Morrow &

Company, 1984); GI| eAppleHsstory.com(Alameda, LA: ppplehistory.adm, in.d.),
http://www.applehistory.con/model=al accessed February 6, 20Be); Andy F
Apple MuseunfUnterhain, Germany: The Apple Museum, n.d.),
http://applemuseum.badirg/sections/computers/al.htfaccessed February 6, 2009).

* Steve WozniakiWozi Computer Geek to Cult Icon: How | Invented the Personal Computer, Co

Founded Apple, and Had Fun Doing(New York: W.W. Norton & Company, 2006).
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drives the mass adoption of the subsidiary technologies required to use it, specifically the
computer platform for which it was design¥d.Between its creation in 1979 and its
replacement in 1985 by secegdneration spreadsheet software (notably Lot2s3},
VisiCorp sold somewhere in the neighbourhood of 600,000 copies of VisiCalc, made its
founders millionaires several times over, and catapulted Apple Computer from a garage
workshop company to a major national enterprise. In the process, it created a new market
for productivity software that was rapidly entered by both upstart corporations like Lotus
and established players like 1B¥I.

For the purposes 0'[?,1981 Sof tware fArts. . UC—176¥2-_1BM-_TEST

historical study, however, the
significance of the example o'

M- . . . 14
VisiCalc lies in its use as a symbc i

18
19

of how the microprocessors : — —
By now, this type of application and its interface should

. . quite familiar: VisiCalc, 1981.
revolution changed the way in

which individuals accessed computing technology, solving previous market problems
while introducing a new set of constraints. In the integration all of the components of a
CPU on a single chip, microprocessors reduced the size of cemwpyiementations and

thus slashed manufacturing costs while increasing the number of potential applications of
computer technology, from cruise missiles to desktop calculators to personal computers.

So doing, they removed computers from the closedtaldmavy environment of the

L A complete history is found in the following excellent PBS documentary: Michael Crifigiespph of

the Nerds: The Rise and Fall of Accidental Emp{faington, VA: Public Broadcasting Service, 1996),
http://www.pbs.org/nerds/transcript.htalccessed February 6, 2010).

%2 Dan Bricklin and Bob Frankston founded Software Arts and developed VisiCalc together. They have
produced histories of their time with the company: Dan Bricl8iwftware Arts an®isiCalc (Newton
Highlands, MA: Bricklin.com, n.d.hattp://www.bricklin.com/history/sai.htr(accessed February 6, 2010);
Bob Frankstonimplementing VisiCal¢Newton, MA: Frankston.com, 2003),
http://www.frankston.com/public/?name=implementingVisiqalccessed February 6, 2010).
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defence industry, major corporations and academia and placed them within reach of the
mass, eliminating their former status as privileged, inaccessible goods. From here,
private innovators assembled the technology into consonented platforms that could

be purchased in integrated form and used without the high level of technical or
engineering expertise that had formerly been required. This resulted in the rise of the
personal computer as the premier generative technalogivironment of this era and

the present, as end users could now leverage the open hardware architectures of these
systems to develop peripherals and the open software environment of the same to author
programs that automated what had formerly been natasés. It was no longer
necessary to go to Honeywell or UNIVAC or any of the other big, unwieldy integrated
solutions providers to process data; similarly, it was no longer necessary to attach oneself
to a university or research facility, navigate thbureaucracies to gain access to a
computer, compete with other researchers for scarce CPU cycles, or use punch cards to
design an algorithm.

The effect of all of this was to break apart certain of the castes of computer
operators that had arisen as a ltesdi the economic constraints of the mainframe
environment while producing a feedback loop betweenrused innovation and systems
availability that rapidly increased the size of the personal computer marketplace. The
user community of the mainframe eransisted of the major industry players that sold
systems, the institutional technical staff that supported them, the innovators who used
these systems to design new technologies (predominantly software), and the end users

who put the processed data to .tse The early microcomputer period saw the

%3 Franklin M. Fisher, James. W. Mckie and Richard B. Manti®} and the US Data Processing
Industry: A Economic HistoryNew York: Praeger, 1983).
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amalgamation of the first three classes of users, more often than not people who had
worked in the mainframe environment, in the form of inventors who used their technical
expertise to develop and use kit compsiteiThe typical microcomputer operator in the
mid-1970s needed to know how to solder components, build keyboards, interconnect
devices, and then program both the system and applications software that made these
computers usable. By the late 1970s thessrsudad formed companies that sold
computers as integrated devices, lowering one of the key barriers to use of the
technology: one no longer had to assemble a keyboard or a computer by hand. Once
these companies gained a foothold in the market, end tisarselves could design
applications software for a given platform without hardware expertise, and as this
software became more useful and available it encouraged the broader adoption of
personal computers. This led to the emergence of the pureexpen user of
technology, that class of consumer that used systems pragmatically, ie. without
assimilating the technological errata of a given platform for its own sake. Encouraged by
the money that could be made in selling hardware or applications softw#rs fast

group, a secondeneration set of designers sprung up to cater to this emerging
marketplace.

By 1980 the basic form of the personal computer had largely taken shape. It
consisted of a motherboard built around a microprocessor from Zilog, dntelOS,
contained a chipset that provided subsidiary input/output functionality for video,
primitive sound (fully digitized audio, wavetable synthesis and the like were still a ways
off) and disk access, stored a basic operating system in ROM, and dcheluagboard

and either expansion slots, expansion ports or both for the connection of manufacturer
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and third party peripherat8. Computer clock speeds, the rate at which a processor
evaluates a cycle of instructions, were measured in single megaheeadird the
gigahertz of the present; randeracess memory (RAM), the scratch pad used for storing
program instructions and variables, was counted in kilobytes instead of the gigabytes of
2010. Software and data files were stored magnetically on flojglyg Or cassette tapes
whose total capacity was a few hundred kilobytes. The mouse andeBiglaition colour
graphics had been invented long before, but the limitations of the platforms that arose
during this period were such that neither achieved sggmitiadoption until much later in

the decade. The preferred mode for the presentation of data was text projected onto
monochrome, phosphaoated monitors, the ghostly green or orange and black familiar
to those who remember the éra.

During the same p®d the overall outline and composition of the market for
personal computers took shape. During the early 1980s, dozens of small, feium
largesized enterprises introduced their own unique computing platforms, but by 1983
market shakeuts hadredecd t hese t o three major offerin
(and I ater Maconti sh) l'ine of product s, C
Commodore 64 (and later Amiga) platform, and the IBM PC. Each of these platforms
appealed to different class of users based on their price points, the market positions of
their manufacturers, and the technologies they offered. Apple computers sold most

readily to home and educational users who sought a combination of games and

¥ See the list of earlperiod computer platforms available at-@dmputers.com: Thierry Schembri and

others, eds., i Sy s Dld-Gompukks.cogi@asgrath dei BordehuX,d-fancé: Old n
computerscom: n.d.) http://www.old-computers.com/museum/year.asp?st=1&y=1@&@essed February
10, 2009).

> The timeline provided by the Computer History Museum can be of great assistandeistanding the
rapid pace of development within the industry, especially after 1980: Computer History Mséhiloits:
Timeline of Computer HistofMountain View, CA: Computer History Museum, 2006),
http://www.computerhistory.org/timeline?category=cnpiccessed February 10, 2009).
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productivity software; Commodorevhose platform was relatively inexpensive and
offered better graphics and sound capabilities, took the home gaming market by storm;
and IBM used its established market presence in the corporate sector to monopolize most
of the market for business P&s.

It wa s Big Bl ueods i ntroduction of t he
consolidation by making it more difficult for bit players to establish a toehold and by
pushing platforms designed by relatively established competitors like Atari and Tandy
Corporatim out of the market. Later attempts by Apple to unseat IBM from its
dominance in the corporate sphere met with resounding failure, as was the case with the
initial quality-control problems that scuttled the Apple Il in the eyes of consumers and
the exorfitantly-priced Apple Lisa, which sold for $9,995 in 1983By the middle of the
decade, IBM and Commodore held a combined total of 66% of the marketplace, with the
remainder mainly held by Apple; by the end of the decade, 80% of all personal computers
were either sold by IBM or implemented its architecttire.

Regardless of market share or the technical details of specific platforms, the

*5This much can be reconstructed from the platform offerings of these companies during the period and the
software base they came to support. The Applad emphatically a hobbyitihkerer machine, as the end

user had to manufacture the computer case and do some electronics design work to assemble the circuit
board into a working PC. Appl ebs earl y aluwemi nance o
within the business market is made plain by its development of the Apple Lisa, its overpriced and

ultimately unsuccessful businesisiss PC. At an MRSP of $595 in 1981, the Commodore 64 was the

cheapest PC offering during the early 1980s, a paositimaintained throughout the decade. It also

featured the best sound and graphics capabilities until the development of multimedia capabilities on the

IBM PC in the early 1990s. As a result, the system came to feature the largest number of ganjes for an

personal computer platform until 1990 and, by extension, the most vibrant software piracy scene during the
same period. | BM6s offering was more expensive tha
to permit it to interface with its largéBM mainframe siblings. It was the preeminent development bed for

business productivity and database softwaraeed, its Monochrome Display Adapter (discussed later)

was specifically designed to enable higlnality business text processing.

Oldcomput er s. net , @dGomputer§Qrange £oudty, CAr Oldcomputers.net, n.d.),
http://oldcomputers.net/altair.htritdccessed February 6, 2009).

®Jeremy Reimer, fATot al Srhkaete:SHar eXreRdchpinadiévs Yata mput e r
Conde Nast Digital, December 14, 200%}p://arstechnica.com/old/content/2005/12/tatiadre.ars/

(accessed February 10, 2009).
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explosive growth of the personal computer industry demonstrates the ultimate viability of
the microprocessor as the keyhaology around which systems could be built. A
potential mass market for personal computing technology existed independently of its
substrate technologies; it merely had to be discovered, developed and exploited. This
was not a matter of breakthroughs technology, but instead of incremental
improvements in manufacturing, marketing, design and {anedability such that the
operations of the mass could successfully commoditize the technology in question. As
this took place, the level of expertise uggd to use the devices dropped. Computers
became devices that could be bought off the shelf and used without significant training
instead of knowledgerivileged goods one had to study in order to use. This tendency
became evestronger as personal cpoters began to appear in homes, small businesses
and large corporations: as the market expanded, so too did the pressure on manufacturers
to grow this market by reducing or eliminating knowledgeriers to adoption. The rise

of the microprocessor paradigis thus best explained as the market bypassing a series of
constraints, notably the price of data processing and the physical space and capital
requirements of the same, and their replacement by a new set of constraints. This
allowed certain formerly soluble problems to be solved and new efficiencies to be

exploited while introducing a new set of problems that replaced the old.
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IBM PC Dominance: The Rise of the Clones

IBM entered the persona

computer market because of fears t
its traditional business, which was t
design, manufacture and sale ¢
mainframe and minicomputers tc
corporations, would be outflanked bj'

the rise of personal comfars built
The IBM Model 5150 Personal Ggputer, released in

) . 59
around the new microprocess6tsThis 1981

threat was made clear by the meteoric success of Apple between 1978 and 1980. As a
late entrant, IBM sought to diminish the time required to develop its platform by using
off-the-shelf components and coatting out the design of operating system software to
other companie%: The IBM PC used the Intel 8088 microprocessor, bil@lesign that

could address one megabyte of ranelrness memory, then an unheaf@mount in an
environment dominated by-lt machines that could only address 64 kilobytes of
RAM.% [BM's initial choice of operating system was CP/M, which had been designed

by Digital Research Inc., of California and was typically used on computers produced by

“International Busi ness MaicBefora thesBeginiingBAkktedtoesofshe n a | C o my
| BM Per s onal IBMArchipes(AramonkONY:inu.) http://www-
03.ibm.com/ibm/hiwry/exhibits/pc/pc_1.htnaccessed February 10, 2009). Thewwtering price tags

carried by IBM equipment in the late 1970$9,340 to $23,990 for the IBM 5120underline the threat

posed by Apple and company.

%0 Robert S. Sobel|BM vs. Japan: Th&truggle for the FuturéBriarcliff Manor, NY: Stein and Day,

1986), 175194.

I nternational Busi ness Mac BMarehives(Aranionke NYBni.dr),t h of t he
http://www-03.ibm.com/ibm/history/exhibits/pc25/pc25 _birth.hifatcessed February 10, 2009);

I nternational Busi ness Ma clBWAréhives(ArdmorkMY:me.j, s on a l Comp
http://www-03.ibm.com/ibm/history/exhibits/pc/pc_1.htfalccessed February 10, 2009).

%2n reality, the 8088 was a variant of the Intel 8086 that usedhine&ternal bus. Memory addressing

was unchanged. See Gennaidgr Sha@RUWorldiedni(Faireex, 8 088 Mi
VA: Cpu-World.com: n.d.) http://www.cpuworld.com/CPUs/8088/accessed February 10, 2009).
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companies other than Commodore or Eppvho wrote their own operating systems for
use with their hardwar®. When licensing negotiations with Digital Research proceeded
more slowly than desired, however, IBM struck an agreement with Bill Gates' Microsoft
to license MSDOS (the Microsoft DiskOperating System) for use on the platfdfim.
This itself was a rddranded version of Tim Paterson'sB6S, then owned and marketed
by Seattle Computer Products. Microsoft purchased the complete rights to the software
in 1981 and subjected it to sligmteérnal modifications prior to releasing it with the IBM
pPC®

While using offthe-shelf components and a thipdirty operating system allowed
IBM to get its system out the door that much faster, it also placated antitrust investigators.
In 1969, the Depament of Justice filed a lawsuit against the company over its allegedly
monopolistic business practices. The litigation of this suit ran continuously between
when process was initiated and when it was resolvedhaiadamusn the mid1980s>°
By using norIBM-manufactured hardware and software components, IBM was able to
claim that it was not seeking to stifle competition in the PC marketplace through vertical
integration®’ IBM also published the technical specifications of much of the system in
an attemp to encourage the development of a market for tpady peripherals and

software applications. This demonstrated a keen understanding of what had made

% Herbert R. Johnsoi§;P/M and Digital Research Inc., (DRI) Histoyew Jersey: Retrotechnology.com,

2010, http://www.retrotechnology.com/dri/d_dri_history.httalccessed February 10, 2009).

“Leven Anatoy, f®OSr BkraisesrgMadison, dIfSkralise.org, 1996),
http://www.skrause.org/computers/dos_history.st{amtessed February 10, 2009).

“Tim Paterson, fADGS oByte(Juné, §983%),ry of MS
http://www.pattersontech.com/Dos/Byte/History.h{iatcessed February 10, 2009).

®RachelKonradfi| BM and Mi crosoft: CNetNewsjuned 2000l hen and Now, ¢
http://news.cnet.com/2160001-241565.htmlaccessed February 12, 2009)nited States v. International

Business Machines Cori9 Civ. 200 (S.D.N.Y., filed January 17, 1969).

®"Gerald Boerner fiNet wor k Profile of tPhreofDayBo eTrhnee rloBM EX®,l OR
(blog), March 17, 201(ttp://www.boerner.net/jboerner/?p=9758 J . Dedrick and K. L. K
the Curve: Japans P C | nGlabal Busiyessd 996 n
http://www.crito.uci.edu/papers/1996/global_bus_article(pdtessed 17 July 2010).
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Appl edbs personal computer offering so succ
the set of ppblems that could be solved by the system and design the means to do so.
| BMG6s | icensing agr e e mxausive wiednihg thdt Microsoft o f t \
could sell its operating system with systems other than the IBM PC, but IBM executives
held that tls concession was insignificant as they believed they could control their
segment of the PC market through a combination of hardware sales, patent exclusion, and
the force of the brantf.

In the end, this proved shesightedi for IBM, that is. The market penetration
figures provided above are misleading because of the reasons for the success of the IBM
PC platform, namely the fact rival manufacturers began producing 100% IBM PC
compatibe c¢cl one computers at | ess than the pri
the IBM PC was driven by the platformbds ow
Soft war e-23 spreanisheesapplication, but credit for the eventual dominance of
the platform must go to the clon&sThe use of oftheshelf components, neexclusive
operating system licensing agreements and wide publication of the technical
specifications of the system made it possible for firms to engineer computer systems that
replicated the IBM design without duplicating it to the point of patent infringement. The
market for PC clones exploded once the only true piece of proprietary hardware in the
system, the IBM BIOS (basic input/output system, a traffic cop for hardwarg) wa

duplicated through clearoom reversengineering® The first companies to accomplish

% James Wallace{ard Drive: Bill Gates and the Makingf the Microsoft EmpiréNew York: Wiley,

1992).

%9 Martin CampbelKelly, interviewer,An Interview with Johnathan Sacfidinneapolis, MN: Charles
Babbage Institute Collections: 2004}tp://www.cbiumn.edu/oh/pdf.phtmi?id=34@ccessed February 20,
2009), 620.

OPaul D. Cook, Alan McCoy and othefsP C  Hii B & 0 e mb e rMacinfoyc(Maiynard, MA:
Macintouch.com, 2004 http:/Mvww.macintouch.com/pchistory.html#dec(dr-cessed February 20, 2009).
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this feat were Columbia Data Products and Compag Computers for use in their ewn PC
compatible systems, but shortly thereafter Phoenix Technologies of Boston began
producing a PGcompatible BIOS that could be bought and used by any manufacturer.
This effectively commoditized the IBM PC platform, leading to a sizeable increase in the
number of clone manufacturers and aftermarket hardware vendors. What came to
dominate he market was thus not theandedBM PC as such, but instead the platform
defined by the specifications of the original system.

But why did clone manufacturers seek tc¢
Simply put, the status of IBM as the majarpeyor of business automation technology,
its deep pockets and its advertising prowess made it a nmagéedr. The corporate
world trusted staid, stable IBM and proved willing to adopt its platform; makers of clones
could thus ride to profitability on éhcoattails of the giant and, once IBM branding had
become conceptually disaggregated from the concept of the PC, compete on price or
technical prowess. This became true far more quickly than anyone could have
anticipated: in 1982, Compaq introduced thstfportable P&ompatible; in 1986, the
same company beat IBM by bringing the first-B@npatible built around the cutting
edge I ntel 80386 processor to market; and
manufacturers had begin devising their owrerobnnect standards for use with-PC
compatible systemS. The IBM PC hardware specification was thus gradually
superseded by t he X 8 6 (so named after I
processors) architecture, to which most microcomptitexgen offemgs from Applei
conform to this day.

I n the end, | BM6s | oss of control over

"The fgangd consisted of AST, Compagq, Epson, HP, NE
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than it seemed at the time. System components other than the BIOS were covered by
patents, and clone manufacturers wound up payingoidities to Big Blue to duplicate

those aspects of the system, like the ISA bus, which every clone system had to adopt to
maintain true IBM PC compatibility. Conceding that it had been partially outflanked by
clone manufacturers, IBM returned to doindpaw it did best in this market segment:
selling computers on the vahaelded bases of excellent build quality and customer
support . Ulti mately, the historical sign
computer market is twofold. First, through tlegce of its reputation and its corporate
clout, | BM6s entry into the market dr ove
while demonstrating that microcomputers were no mere flash in the technological pan.

It was the personal computer that made matted data processing ubiquitous, and in the
main it was |IBM that #fAmaded the personal
technology radically different from that of the other market players, but merely by
making it an acc e sisconsudmers. Sacdnd (arsdanbre inpoddntlyi c e
to the subject of this paper), mass adoption of the IBM PC platform encouraged the
development of novel forms of expressibrike ANSI, the art form that arose in the
comingling of microcomputer and networkingtmology that came to be known as the

digital underground. Few people like to perform without an audience for their work, and

| BMO s -makindkaetivity ensured that just such an audience existed.

Ma Bell and Modems: Network History through to the 198@sd Early 1990s
Throughout the period under study, the only constameessible communications
network was the public switched telephone network (PSTN). Leaving aside recent

developments like mobile phones and vesserlP (VOIP), the technological and
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business conventions of this network have only marginally changed since the middle of
the twentieth century, when electromechanical switching, the North American Numbering
Plan and Direct Distance Dialling came into vodtieStandard analog telephones are
connected to phone company central offices by copper wires, with two wires (ring and
tip) comprising a circuit. Area codes slice larger market areas into manageable,
geographicallybounded chunks of ten million customers or fewer, Local Exchange
Carriers(LECs) charge for both basic telephone service and long distance, frequently
metering both by the minute, and the market remained dominated by monopoly players
until government antitrust divestiture initiatives broke up the national colossi into smaller
regional players® These monopolies originally developed through patent exclusion, but
once the basic Bell patents expired AT&T sought sanctioned monopoly status as its route
to longterm viability. To government, this was an eminently sensible arrangehkent

other businesses that require infrastructure investment on the scale and model of public
utilities, it made little sense to encourage competitors to wire the same area twice;
ruinous competition could disrupt the potential for universal servicgrarendevised by
AT&T and eagerly adopted by regulators; and stability was more important than choice
when the infrastructure in question was so vital to both economic productivity and
national security?

Telecommunications is nothing more than the sendafi information over

2 About the North American Numbering PléSterling, VA: Neustar Inc., 2010),
http://www.nanpa.com/about_us/abt nanp.fird c cessed July 14, 2010); AT&T
Di al Transcont i ne AT&a llabsTechnelggh Tonmele{EldCharm Park ONJ:iAT&T

Labs, 2010) http://www.corp.att.com/attlabs/reputation/timeline/51trans.faotessed June 10, 2010); G.

E. Schindler, ed Switching Technology, 192B75(New York: Bell Telephone Laboratories, 1982).

" Richard R. Johri\etwork Nation: Inventing American Telecommunicati@esmbridge, MA: Harvard

University Press, 2010).

"RobertW.GarmefThe Tel ephone Enterprise: Tlma fruculeuti on of

18761909(Baltimore, MD: The Johns Hopkins University Press, 1985); Peter Ta@iminFall of the Bell
System: A Study in Prices and Polit{€&ambridge: Cambridge University Press, 1987§09
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distances greater than the line of sighfThe form of the information sent, be it voice or
data, is a function of marketplace demand and the limitations of the available technology
of a given period; these define the information siignof the transmission medium and

thus its relative efficiency. In the beginning, the North American telecommunications
network was designed to carry data. This was the era of the telegraph, with operators at
each end of the connection taking writtemtf sending it down the wire in the form of
keyed pulses and then converting the pulses back into text at the remé&teTénsiwas
adequate for short, unidirectional messages, but the information density of the telegraph
was low, the speed of transmi@si(a function of the intermediaries required to transmit
and decode a message) was slow, the overall market penetration of telegraph devices was
similarly low, concentrated as it was not in the homes of individual users but within the
corporate offices othose entities that operated the networks, and the price per unit of
data was comparatively high when viewed against subsequent technbiogies.

Chief amongst these was the telephone, the first technology that placed networked
communications within the imediate, quotidian grasp of typical consumers. In terms of
their back and frontoffice operations, telephone networks initially operated much like
the telegraph networks they would eventually supersede: the placing of calls demanded
communication with a tman intermediary in the form of an operator that would ring

remote stations and establish the communications ch&hiwghat differed was that the

5 Horizonrto-horizon signal fires have exést since time immemorial, but until the discovery of electricity,
the lineof-sight semaphore tower was kingMIDilhac, The Telegraph of Claude Chappén Optical
Telecommunication Network for the XVIIth Cent(ifgulouse: Institute National des Sciesdppliquees,
n.d.), http://www.ieeeghn.com/wiki/images/1/17/Dilhac.fdtcessed May 15, 2010).

®R. N. Renton.Telegraphy(London: Pittman, 1976).

""Robert Luther ThompsoWiring a Contirent: The Telegraph Industry in the United States, 1B3@6
(Princeton: Princeton University Press, 1947).

"8 Herbert N. Cassorfhe History of the Telephoifliddlesex, UK: The Echo Library, 2007); Far more
interesting is Claude S. Fisch@merica Calling A Social History of the Telephone to 198&rkeley:

56


http://www.ieeeghn.com/wiki/images/1/17/Dilhac.pdf

capital required for this communication, at least from the perspective of the end user, was
concentrated witin private businesses and households. Access to the network was
limited not by the availability of centralized telegraph offices from which cables could be
sent, but instead the installation of individual phone handsets in the home and the
connection othese handsets to a central exchange. Subject to the capital requirements of
laying cable and erecting switching offides this the cosshaving example of the rural
Aparty l ined tel ephonei theodepogrent iofotelephorne me s
technol@y allowed local carriers to enhance revenues by accessing a mass market, in the
process commoditizing the technoldgy.

When compared to the telegraph, whose reeenlg tickers existed only in the
private residences of a minority of stockbrokers, finantycoons and captains of
industry, the advantages of the telephone were immediately obvious. The rate of
transmission was much faster, as it was limited by speech instead of how quickly an
operator could key in Morse; the data density was naturally rhigtter, as it captured
both verbatim speech and all of the subtle cues contained in cadence, tone and choice of
language; the privacy of communications was enhanced, subject only to the
eavesdropping of telephone operators (the development of moderogragity owes
much to the public nature of telegraph offices); and, as stated previously, the initiation
and reception of the communications themselves became a matter of privatép-point
point control. On the back of generous government subsidies ifortmeof tax and
market monopoly concessions and the development of cheap carbon microphones, the

telephone quickly became the dominant medium of local private information interchange

University of California Press, 1992).
"9 Alvin Von Auw, Heritage and Destiny: Reflections on the Bell System in TrangMew York: Praeger,
1983), 3543.
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in major urban centres across North Ameffta.

The first significant ovdap between the development of the telephone and
computer industries took the form of automated electromechanical switching systems. A
key limiter on the widespread deployment of telephone technology (and not
coincidentally, its profitability) was the man capital required to connect circuits. This
was addressed by the development of the-lsyegtep (SxS) and rotary telephone
switching systems in the 1920s and 30s and the crossbar (1XB) system in the 1950s,
which used electrical dialling pulses to geigwitch contacts to the correct circtit.
These were not true computing devices in the Tucmmplete sense of the word, but
they allowed for the replacement of manual circuit board operators with electronic
devices that could serve requests tireleasly connect calls without error. International
and intranational longdistance calls still required some operator intervention until the
advent of International Direct Distance Dialling (IDDD) in the 1970s. During the same
period, duatone multifrequen cy ( DT MF, Atoneo) dialling ce
Centrex services, telephone company line features that successfully emulated the function
of customersited private branch exchange (PBX) switching systems. These last
innovations depended on the sessful commoditization of microprocessor technology,
as they demanded the flexibility of control functions running in softivagsentially the

Stored Program Control Exchange that was the foundation of contemporary Electronic

8 Milton L. Mueller Jr.,Universal ServiceCompetition, Interconnection, and Monopoly in the Making of
the American Telephone Syst@@ambridge, MA: The MIT Press, 1997); Gerald R. Faulhaber,
Telecommunications in Turmoil: Technology and Public Pdl@&gmbridge, M.A.: Ballinger Publishing
Company1987), 117.

BAT&T,AHi st ory of Ne tHistory kf th&AT&T Networ@allas,or X:iAF&T, n.d.),
http://www.corp.att.com/history/nethistory/switching.htif@ccessed June 10, 201Bjchard A.
ThompsonTelephone Switching Sytefioston: Artech House, 2000).
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Switching Systems (ESSs),tably the 5ESS of AT& T2

Computing technology was not simply used to connect calls, however. A
perennial problem that acted as one of the most fertile development beds of automated
data processing technology lay in the coordination of telephonedfac& operations,
from line subscription to feature installation to accounting and billing. SERVORD, the
SERvice ORDering system commonly used in the United States and Canada on telephone
switches manufactured by Bell/lLucent and NorTel, allowed for the atitoma
provisioning of Directory Numbers (DNs). Protocols still in widespread use on the
Internet and in intranet authentication schemes, notably the Lightweight Directory Access
Protocol (LDAP) used to do white pagstyle lookups of subscriber informatiohad
their origins in the wedding of back office functions and complifefghe UNIX family
of operating systems, of which Linux is the most prominent contemporary member, was
initially developed by AT&T through contracts with academic partners to proxide
modern, mainframeapable multitasking operating system for use in both general
purpose and telecommunicatiesisecific applicationd?  Eventually all telecom
functions were controlled by computers and the role of human operators in the system
was minimeged almost to the point of invisibility, a development that began in earnest
with AT&To6s deployment of the Tra¥fic Servi

The effect of the application of computing technolagyirst mechanical, then

82 . E. Flood, ed Telecommunication Network8econd Edition (London: The Institute of Electrical
Engineers, 1997), 1356.

8 Lee DryburghSignalling System No. 7 (SS7/CC7): Protocol, Architecture, and Se(Wickanapolis,

IN: Cisco, 2005); John C. McDonald, eByndamentals of Digital SwitchingNew York: Plenum Press,
1990).

¥AUNI X: Past Hi st ohe @pemGralfReadingeUKi Tre ©ped Group, January 29,
2003), http://www.unix.org/what_is_unix/history_timeline.htfaccessedccessed March 4, 2010); Peter
H. Salus A Quarter Century of UNIXNew York: AddisonWesley, 1994).

®Tom Fanl ey, f PORSLinE(WesttSacragnento, CA:rPrivateline.com, n.d.),
http://www.privateline.com/circuits/TSPS _history.hfatcessed March 4, 2010).
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later digitalT to tdecommunications stands as yet another example of a revolution of
commoditization that changed the consumer marketplace. @ Combining telephone
technology with computer automation changed distance communications into an
inexpensive commodity that could becassed by the mag8. The distinction between
mass adoption of the microcomputer and mass adoption of telecommunications, however,
is defined by the fact that users of the latter access a network @ena® provided by
another party rather than ditgcowning all of the required infrastructure themselves.
That said, hobbyist interest in the telephone system equivalent to both microcomputer
adopters and earlier radio andfhenthusiasts developed as telecoms technology reached
an eveilarger marketthe electronic components (transistors, capacitors, relays and the
like) required to assemble horbailt telephone devices dropped in price, and certain
regulatory constraints governing private use of the network weakénedhe
popularization of the imfgrated circuit meant that there was more than one way to access
the network: in a pattern identical to the diffusion of microprocessor and computer
technology from its privileged sanctuaries in academia, the defence industry and big
business, phone hoblsys working within the industry acted as conduits through which
phonebased computer networking technology gradually became available to private
individuals.

The technology required to send digital data down telephone lines had existed at

% David A. Mindell, Between Human and Machine: Feedback, Control and Computing Before Cybernetics
(Baltimore, MD: The Johns Hopkins University Press, 2002); 17 ; John R. Pierce, ATh
Society in the Past 100 Years,Tihe Social Impact of theelephoneed., Ithiel de Sola Pool (Cambridge,

MA: The MIT Press, 1977), 159 9 9 ; also Colin Cherry, AThe Tel ephone

Soci al Change, el126same volume, 112
8" The best example of the relationship between component pricéetepsione systems tinkering and,
conveniently, hacker cul t uEsureadicleRletailingRle sise afb aumés Oc't

hobbyistb ui | t A b | -bamd tddephoree signalling devices that permitted toll fraud). Ron
Rosenbaum, 6 Sleictrtelt sEsBifa{CGridiiRm 1971
http://www. historyofphonephreaking.org/docs/rosenbaum197 {gudkssed March 2, 2011).
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least since the AGE system described earlier and was a natural extension of teletype
systems that sent text messages down dedicated circuits in Bauddt catteat
distinguished modern modems from their predecessors was the fact that they used
modulated sound sent overethoice circuit instead of requiring dedicated data lines of
their own. This meant that networking technology became nominally eircuit
independent: the same telephone line could carry both voice and data, though not
simultaneously, and did not require @plex custom installation to support the required
subscriber equipmefit. The use of the acoustic channel thus held open the possibility of
private, pointto-point digital communications, as both the network and the technology
existed at a sufficient leVef maturity to support a mass market. What was missing was
sufficient consumer adoption of computing devices such that users had something to
connectto and a network of hobbykgnthusiasts that could both serve as a market for
consumer modem technolpgand as developers of the same. The microcomputer
revolution supplied both, though none of this would have been possible had AT&T
maintained its regulatory monopoly on the kinds of devices that could be connected to its
network. Without the landmark cducases ofHusha-Phone v. United Stateand
Carterfone v. AT&Tjn which Ma Bell was ordered to allow the direct connection of
compatible telephone devices to AT&T phone lines provided they met certain technical
requirements, the meteroric rise of thedmm might not have happened at’all.

AT&T had little interest in selling modems to a consumer market that did not yet

8 R. A. Nelson and K. M. Lovitt, edsHistory of Teletypewriter DevelopmeBkokie, IL: Teletype

Corporation, 1968).; Robert N. Rentdrhe International Telex Servi¢eondon: Pittman, 1974).

8P, R. D. ScottModems in Data Communicatiofidanchester: NCC Publications, 1980); given its year

of publication, this source is as significant as a primary document as it is a secondary source. For a more
comprehensive, recent, and mathematieatignted guide, see Richard E. Blahdgdem Theory: An
Introduction to Telecommunicatiof€ambridge: @mbridge University Press, 2010).

% Husha-Phone v. United Stat¢$956), 99 U.S. App. D.C. 190, 238 F 2d 266 (D.C. @grterfone v.

AT&T (1968), 13 F.C.C. 3d 420, 13 Rad. Reg 2d (P & F) 597.
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exist, so it is unsurprising that the first conswgerde models to hit the scene were
hobbyistdesigned clones of the Bell 103 desigmgioially introduced in 1962. The
modem did not truly hit the mainstream un
other Catseries modems in the late 1970s, which as the name of the first suggests, was
designed exclusively for the Apple series of persol computers. The Ap
application was in transferring files from user to user via its proprietary Catsend and
Catfur protocols, but consumer adoption of the device was limited by its high price and
the fact that it had to be plugged ditganto the motherboard of a compatible Apple
computer to automatically answer caltsConnection to an internal bus to perform this
function was required as most modems used acoustic couplers to connect to the phone
network and no manufacturer had dedlisestandardized way to signal to a modem that it
should pick up the phone, dial, or disconnect a call. Call setup thus typically involved the
computer user manually dialling a telephone number before placing the handset of a
nearby telephone in the modéms ¢ f haddly ean ideal procesé and modems
themselves consisted of cheaper-ocally models and more expensive hsste boxes
that could answer calls on their own. The need for hardwiring also made modem
implementations platformdependent, with diérent manufacturers marketing models for
each family of microcomputers.

The natural answer to this sort of platform dependence was the SmartModem,
originally designed by Dennis Hayes in his kitchen and later marketed by a titan of the
1970s and.980s compter industry, is eponymous Hayes Microcomputer ProdudBy

siting modem hardware in an external device connected via the stand®82Rfrt

L For a thorough treatment of the capabilities of the Nowa@at family of devices, see James W.
Abendschan, AThe Noamds oW. Afphpd nedCsa@drtnfio®: Honrme Page
Jammed.com, n.d.htp://www.jammed.com/~jwa/Machines/céaccesseduhe 5, 2010).
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provided by most microcomputers and developing a series of standard commands (AT
commands) that allowed a coatpr to tell the modem what to do, Hayes made the
modem a platforrindependent device, eliminated the distinction betweeroodl and
call-answering modems, turned euaser setup into a matter of connecting standard
cables rather than hardwiring, anduedd the high cost associated with running aidial
system. So doing, he drove most
early modem manufacturers out of
the market, devised a control
sequence standard for serial
modem  communications that
exists to this day, and created a

mass market for thdevices?

By this point, the reader

should be able to predict the

Industrymaker: the Hayes Smartmodem 380.

trajectory of Hayes
began by workingn academia, specificallgt the Georgia Institute of Technology, before
jumping to National Data Corporation, a priva@ctor company that specialized in

deploying payment processing solutions for busifiéddayes leveraged the information

“After the development of the SmartModem, -essenti al
compatible, 0 meaning they spoke the Hayes AT comman
International Telecommunications Unios @ \/Series recommendation in 1995. For the most recent

revision, see International Telecommunications UnibR50: Serial Asynchronous Automatic Dialling and

Control (Geneva: International Telecommunications Union, July, 2003),
http://www.itu.int/rec/dologin_pub.asp?lang=e&IdRECGV.250-2003071!'PDF-E&type=items(accessed

March 2, 2011).

®“James Grahme, fAGetting OnIRetotking Viithge Gadgetsanss Smar t mod e
TechnologyCalgary, Alberta: Retrothing.com, March 27, 2009),
http://www.retrothing.com/2009/03/hayssartmodem.htnlaccessed December 10, 2009).

% To my knowledge, the Hayes Microcomputer Products has not been the subject of a proper academic
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he gathered performing modem installati@ascustomer sites to design the products he
eventually sold through his company, in the process bridging the gap between the
institutional, commercial and consumer markets and the spheres of knovdadg®ice
accessibility that separated these segmehtee economy. He was successful because

he operated within a market environment in which the commoditization of technology
had reached a point where emskers could combine their technical expertise with their
perception of emergent problems generdbgdthe limitations of this market, in the
process creating new industries whose target was consumers instead of industry or
government. In other words, he was the kind of hobbyist madgeilarizer of

technology very much in the mould of the microcomppteneers that preceded him.

The Bulletin Board System

With the hardware needed to connect two computers over the telephone network
available, a simple question presented itself: what could one cotu®cGiven the
constraints inherent in the design wiicrocomputer systems their relatively slow
processors and limited memory and storage capdcitiye initial application of the
consumegrade modem lay in providing a means whereby microcomputer users could

connect to larger minicomputer and mainfrarystems’> Indeed, the serial line

history. See AMagwer Eocpmr afThenWo@elusales: Leadi ng Q&A
Answers.com, n.d http://www.answers.com/topic/hayesrporation(accessed April 4, 2010); also

ADenni s C.ThelGeat Bea Findefroy, MI: Ideafinder.com, 2007).
http://www.ideafineér.com/history/inventors/hayes.hfaccessed March 2, 2011).

®See, as an example, the t ec hnilemaiifransepaeddtsdvéntcaat i ons o
packaging insidethe VT 00 t er mi nal :-1 EdFadtstaed Seonmes AbduPADtRue

(lonesome) Compute(sremont, CA: EdThelen.org, September 13, 200dip://edthelen.org/comp
hist/pdp11.html(accessed June 6, 2010). Alink to the DEC RARystems manual is available oa th

site. For the IBM side of things, notably the stifluse 3270 terminal standard, see Klaus Brandstaetter,
f3270: A Br iHOB Teditallgbtog),rSgptember 18, 200&tp://www.hob
techtalk.com/2008/09/12/327brief-history (accessed June 6, 2010).
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protocols used by microcompute’ -
modem applications had originally bee¢
developed to permit the installation «

remote terminaldinked to these samt

-

mainframes, a fact that explains wt

o DEC VT-52 Terminal, 1974°
early dialling programs sought to

replicate the screecontrol and input routines used by terminals like Digital Equipment
Cor por at52 amdd\sF100Vtirough terminal emulatioh. The doit-yourself
culture of microcomputer hobbyists would not long permit enthusiasts to be satisfied with
dialling up to mainframes or maintaining their dependency on the indulgence of big

business, big government or big academia, however: they desired their damssys

mainly to act as an extension of the dozens of computer users groups that had sprung up

in the market churn of the microprocessor revolution.

Beginning on Tuesday, January 24, 1978, the Chicago area experienced a period

of the lowest atmospheripressure ever recorded in the mainland United States, the
beginning of a massive blizzard that dumped nearly five feet of snow on the city by the
end of the week. The effects of this storm, thealted Great Blizzard of 1978, were felt

as far north asaaithwestern Ontarié Sarnia, London and Toronto reported equivalent
recordbreaking lows in atmospheric pressure coupled with equivalent rbceaiting

snowfalls. Commerce was paralyzed; whole cities ground to a halt; in Ohio and

®Wayne Carlson, fASection 3: The A€istompotiGomputerGr aphi c s

Graphics and AnimatiofColumbus, OH: Ohio State University, 2003),
http://design.osu.edu/carlson/history/lesson3.lfgotessed June 4, 2010).

“Paul Wi lliams, N Mtéistory(Ctawley, UR:ast0i0.hey, 2006),i n
http://vt100.net/vt historyaccessed June 6, 2010).
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Michigan, over 70 pede died as a result of the extreme weaffieBut overlooked in the

carnage caused by innumerable traffic accidents, turnpike closures and shovelling
induced heart attacks is the fact that Ward Christensen and Raesdy &vo members of

the Chicago Area €mput er Hobbyi stsd Exchanegded ( CACF
downti me to cobble together CBBS, tfie worl
Christensen had previously developed MODEM, a sénalfile transfer protocol that

permltted the eXChang‘ TERMINAL NEED NULLS? TYPE CTL-N WHILE THIS TYPES:

. . . #x+  WELCOME TO CBBS/CHICAGO  www
of b|nary information #*% WARD AND RANDY'S COMPUTERIZED BULLETIN BOARD SYSTEM ##»

between two  host: B > CONTROL CHARACTERS ACCEPTED BY THIS SYSTEM:
DEL/RUBOUT ERASES LAST CHAR. TYPED (AND ECHOS IT)
CTL-C CANCEL CURRENT PRINTING
connected to the CTL-K 'KILLS' CURRENT FUNCTION, RETURNS TO MENU
CTL-N SEND 5 NULLS AFTER CR/LF
C;L-R RETYPES CURRENT INPUT LINE (AFTER DEL)
CTL-S STOP/START OUTPUT (FOR VIDEO TERMINAL)
telephone network. The CTL-U ERASE CURRENT INPUT LINE
---------------------- BUEEET EN o e i b st ot
storm allowed PROBLEMS WITH THE SYSTEM??

HARDWARE: RANDY (SUESS), (312) 935-3356
SOFTWARE: WARD (CHRISTENSEN), (312) 849-6279

Christersen to start J7 7" 7TTTTTTTTTTTRYS o L B e e e

---------------------- BULLETIN =  ==eccceccccmcea-
--=> ALL USERS: BE FAMILIAR WITH MESSAGES 3, 6, AND 60

NOTE
----- > AS OF 4/8/78, MESSAGES PACKED AND RENUMBERED <=-----
---------------------- BULLETIN  =====m—emememecceaeoae

CBBS in action: screen printout fronu&s andChristes e n 6 s a

Byte Magazine'”

writing the  CBBS
software and &ess to
assemble a-300-based
computer (recall that this data bus made its first appearance with the popula8@0ta
microcomputer) upon which the software would run. By February 16th, the system was
live, and in November of the sargear the two designers showcased their inventian

article published ilByte Magazine.

% Thomas W. Schmidlin and Jeanne Applehans SchmiBitiander in the Heartland: A Chronicle of

Oustanding Weather Events in Olfi¢ent, OH: Kent State University Press, 1996). lllinois seems to have

escaped their notice.

®Ward Christensen and RandyChBetiePulsdicAcoestE Biece 882r t h of t h
(Chicago, IL: Chinet.com, 198NMttp://www.chinet.com/html/cbbs.htni@ccessed July, 2008); Chris

Gil bertson, AThis Day in Tech, Febr WaedfNewlyérk: 1978: B
Cond Nast February 16, 2010http://www.wired.com/thisdayintech/2010/02/0216cHlvst-bbsbulletin-

board(accessed June 19, 2010).
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What exactly is a BBS? Christensen and Suess were enamoured of the idea of an
automated, computd@o-computer telephone answering service thatild allow them to
publicize upcoming CACHE meetings and serve as a site of digital information
interchange for hobbyist developéfs. The name itself drew its inspiration from the
thenubiquitous message boards, slotted or corkboard walls installeddargrstores to
allow customers to post index or business cards advertising local services and events.
The format is one intimately familiar to any user of the modern Internet-haskd
boards all ow wuser s, i denti fi edmsbdy dne vcoktneadme
particular topics. Later, BBSes began to offer file libraries, online gaming, and their own
peculiar implementation of networked mail and messaging. As they became increasingly
pressured by Internet Service Providers in the-tmdate nneties, they provided email,
Usenet newsgroups, and eventually full Internet access via the rustdked Serial Line
Internet Protocol and Point to Point Protocol (SLIP / PPP).

Contemporary computer systems sport-talour, highresolution displays and
take the graphical user interface (GUI) as #iee qua nonof user interaction with
running software. Bitmapped and veebased graphics and pointing deviéemice i
allow users to perform operations by clicking on buttons or other user interface widgets.
This was not the dominant mode of usgstem interaction until at least the early 1990s,

though antecedents could be seen in the Xerox Star system, released in 1981ihand in

Wward Christensen and Randy Seuss, ByieBossubMi st Comput
(November, 1978),

http://vintagecomputer.net/cisc367/byte%20nov%201978%20computerized%20BBS%20
%20ward%20christensen.p#ccessed June 20, 2010).

%1 Michael Swainefif Hi st ory Lesson: WaeEk chharnigset eStth\Wandasr eF, roe e nF r
(November, 1982http://books.google.ca/books?id=EzAEAAAAMBAJ&Pg=PA26&Ipg=PAREcessed

March 2, 2011).
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first  Apple  Macintosh

computer®  Given the :.......:::___.__
constraints on both
hardware of early

microcomputer gstems and
the speed at which datg
could be sent down the ling

bulletin board system tandard l ogin screen of a C

running All American BBS software.lt is still in operation. The
operated in text modephosphorescent gre@mblack display and reliance on text mode as
means of presenting an interface is typical of microcomputer BB

typically with a resolution of of the early 1980s. In this case, the terminal used is an Appi&ile.

80 by 25 plairtext characters displayed on a monochrome monitor. Interaction with

these systems took placeusmmg k ey boar d al one, with menu i
AFo for files, as an exampl e) giving acce
bulletin board systems relied on the ciresuwtitched telephone network as their means of
communication, only onaser could access the system at a time. Their popularity meant

that system operators implemented-pser daily time limits, typically of sixty minutes

or less. Later, as the BBS world came to comprise commercial systems as well as those
run by hobbyistsaand the cost of communications came down, amdte systems and

systems which were funded in part or in whole by user subscription fees began to appear

Erjc S. Raymond, ThéArhotUnik UsabilitfChapel Hill, N©: Cattnorg, 2004),
http://www.catb.org/~esr/writings/taouu/htnfficcessed June 20, 2010). A collection of primary

documents pertaining to the Star system has been as
D o ¢ u me nhigBarm Computer MuseuiBanta Cruz, CA: Digibarn.com, 2004)
http://wwwdigibarn.com/friends/curbow/star/index.htrApple ComputerMacintosh Selling Guide

(Cupertino, CA: Apple Computer, 1984),
http://archive.computerhisty.org/resources/text/Apple/Apple.Macintosh.1984.102646178gudessed

June 20, 2010).

“Quag7, AUsing an Apple 11 as DataSwampnatVaraeeAZmi nal wi t
Dataswamp.net, July 4, 200%}tp://www.dataswamp.net/apple?eserialtéamcessed June 4, 2010).
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in markets big enough to support théth. These were many, as before the rise of the
Internet (and leamg aside the exception of nationide network services like
CompuServe and Genie, which were quite expensive), bulletin board systems were the
sole means by which computer users in a local area could interact with each other
electronically and share filé&

Part of the historical uniqueness of the bulletin board system rests with its status
as the first widelyavailable, organically organized, anonymous electronic community.
While the advent of digital telephone switch servicé€3allerID foremost amongghem
T eventually made it possible to link the online personae of callers back to their physical
person, throughout the 1980s and early 1990s it was impossible to know who users were
outside of either voluntary disclosure on their part, secondary vahdet the form of
call-back verification programs, or an active investigation by law enforcement. This
meant that users could represent themselves as whatever they chose to, often from behind
a pithy handle that was the outward emanation of their igesmidl the means by which
they were known on other systems within an area code. Stripped of the typical physical
indicia of affiliation, social status, race and the like, users were judged solely on the basis
of the messages they left on the system, tles they uploaded, and their status in the

various online games (fidoorgamesodo) that qu

“ExecPC, as an example, had over 250 nWid&08at its pe
(New York: Cona Nast, August, 1998http://www.wired.com/wired/archive/6.08/es_access.html?pg=1
(accessed December 8, 2009); Bob Metcalfe, AFrom th
Wake of a BB Sinfd\erld L6¢ss. i36Septetnber 571994,
http://books.google.ca/books?id=XDgEAAAAMBAJ&Ipg=PA52&0ts=EQr2cTkK{&tcessed July 6,

2010): 52.

1% ronically, the hobbyist invention of the BBS preceded corporate online offerings to the general public

by a few years: David Carl sonpDafimTdHdeCOnl sped63i ieft i ne
(Gainesville, FL: University of Florida College ofulmalism, 2009),
http://iml.jou.ufl.edu/carlson/history/compuserve.tra c c essed July 6, 2010); Wil
by William Louden, General Ma n afgrence, May; 1088), e 0 ( Keynot e

http://cqi.gjhost.com/~cgi/mt/netweaverarchive/000236.lfaotessed July 6, 2010).
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not a few awkward computer geeks amongst them, BBSes represented social salvation:
they were a forum in which users were fresshf dayto-day social superficialities and
judged on the basis of intellect or persona af8A&hey could speak of matters that they
might ordinarily be reluctant to address from behind a virtually untraceable alias and
build a reputation independent framsmh o t hey WwiereatlifeAil RL 0

A defining feature that differentiates BBSes from the types of compatdric
communities that preceded and succeeded them is the degree to which they were bounded
by geography, albeit geography filtered through tr@nemic constraint of the telephone
company area code. As demonstrated previously, prior to the microprocessor revolution
user communities existed purely in physical space; the capital requirements of mainframe
computers meant that they were owned onlyuhiversities and big businesses, so one
had to gain entry to a traditional, physical community in order to use the machines.
Internetera online communities possess no geographic boundaries whatsoever beyond
how far a fibreoptic cable can be pulled orraicrowave transmitted, a fact that has
proven to be a pernicious problem for legislators, authoritarian governments and
copyright holders. The BBS was the middle ground between the old world of the purely
physical and the new world of the network, enaplanonymous electronic interaction
but geographically constraining it through area codes and the cost afikiagce calls.

This combination of anonymity through the dissociation of the terminal and

identity-creation through the use of aliases withini@entifiable, local context had no

®sabby, @l Mivesything2(BaStd ansing,iMh Everything2.com, Mz 22, 2001),
http://everything2.com/title/l+miss+tBBfsac cessed September 10, 2009); Jot
Mi ss t he OI dTraBeBirg) D the Infarmaitiom Backrodtlog), January 23008,
http://johnrappold.org/blog/?p=395accessed June 4Comn2o6oik0Sprdid Talesbrontxd Har a ,
BBS Junki€Self-published: Lulu.com, 2006http://books.googdle.ca/books?id=5RV9iiDalQoC&Ipg=PP1

(accessed June 4, 2010).
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real precedent in the mainframe computer era and is only partially replicated in current,
locationcentric online forums like Craigslist. It is not strictly accurate, however, to
characterize BBSes as purely local. Afi®84, when Tom Jennings linked together a
number of Bay Area BBSes that used his Fido software into FidoNet, messages and files
could be syndicated via diap to other subscribing systeff?$. Using a hierarchical
numbering system that split tdgvel zores into regions, networks and individual BBS
nodes, users could participate in public forums that were distributed nationwide via what
was called Echomail and send private, dsarser emails via Netmaif® Messages were

not sent in real time, but werestiead compressed into bundles exchanged between
systems outside of prime rate calling hours. While FidoNet and its companion protocol
suite faced some competition from other means of networking BBSes, like the QWKmail
standard used by systems that ran We/IV BBS software, Fidonet Technology
Networks (FTNs) remained the dominant standard for message sharing until the Internet
displaced the BBS in its entirety’ FidoNet counted some 35,000 systems in its nodelist

at the peak of its popularity in 1998 Regardless of the existence of ledigtance BBS
networks, though, access to entities like FidoNet and the numerous smaller, independent
networks that used its technology always proceeded through dialling in to a local system.

Anonymity is often a mask fallegal or sub rosabehaviour, and BBSes were not

197 Randy BushFidoNet: Technology, Use, Tools and Hist@iomewood, IL: FidoNet Technical
Standards Committee, 1998}tp://www.fidonet.org/inet92 Randy Bush.{giccessed March 30, 2009).
1% FidoNet Technical Standards CommittE&S001: A Basic FidoNet Technical StandaRkvision 16
(Homewood, IL: FidoNet Technical Standards Committee, September 3), 199
http://www.ftsc.org/docs/ft9001.016accessed March 30, 2009).

19patrick Y. Lee QWK Mail Packet File Layout/ersion 1.3Location Unknown: July 6, 1992),
http://www.textfiles.com/programming/gwk.tkaccessed March 30, 2009). Note that Lee indicates that
the QWK format originated with Clark Development Co
was adapted by WWIV as a means of providing network mail.

10 FidoNet Network 282 Groufi;he FidoNet Nodelist: A Historical Analygislinneapolis, MN: February
2, 2005) http://www.rxn.com/~net282/nodeligccessed March 30, 2009).
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exempt from this; in fact, many systems existed purely for the purpose of facilitating
criminal activity, be it in the form of trading commercial software, disseminating stolen
calling card information (théetter to escape long distance charges with) or exchanging
tips on how to hack computer systems. The weakening of the physical and institutional
constraints that had formerly governed communities of computer users meant not only
that less social survedlhce and control over user activities took place, but also that the
diversity of reasons for which these communities came to exist increased. This tendency
was compounded not only by the redefinition of computer technology as a commodity
instead of a clasof privileged goods, a fact that increased the total number of computer
users and thus the potential for bad behaviour, but also the anonymity that BBSes offered.
A disparate, shadowy group of bulletin board systems dedicated to illegal olepadsi
activities comprised the digital underground, with software piracy acting as a driver of
other forms of criminality. As the BBS art form known as ANSI achieved its fullest
expression on this last class of systems, we must now turn to the history of softwar

piracy to complete the picture of the operating environment of the period.

Software Distribution and Software Piracy

When the first microcomputers were released for sale to the public, there was no
established personal computer software inddstryDuring the initial phases of the
transformation of computers from elite to commoditized goods, when both manufacturers
and the market consisted mainly of technologically adept hobbyists, computers were

owned purely for the problesolving pleasure of assemblire;yd then programming

M1 Histories of the software industry are, in my experience, few and far between. A good treatment is
found in Martin CampbelKelly, From Airline Reservations to Sonic the Hedgehog: A History of the
Software IndustryCambridge MA: MIT Press, 2003).
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them. Indeed, the process of establishing a market for commercial software was beset
with both technological and economic difficulties. The ecology of the microcomputer
market was so diverse and was evolving so rapidly as to malsngdea standard format

for information interchange difficult, and no one platform had attracted users in quantities
sufficient to justify attempting to develop and market commercial software as it is nhow
known. A critical mass of users gathered aroumpdagform defined by fixed standards

was a condition precedent of the emergence of a software industry, but platform adoption
was most frequently driven by the development of killer applicatiansatch2?2.

Unt i | t hen, Aisoft waftee exthasge ofiprognamisaurce®d ¢ o n
code between attendees at hobbyist meetings or through publicatiori®ytéer Dr.
Dobbo6s ¥ dhercanadlity of programming to the market purpose of early
microcomputers is underscored by the fact that early noonpater adopters were
obsessed with creating software compilers and that early-mmag®t microcomputers
sold by Apple, IBM, Commodore and Tandy all shipped with boiltBASIC
interpreters™® As an uncomplicated, widelynderstood programming languageatth
could work within the limitations of early consurgmade microprocessors, BASIC

matched the constraints of the early industry well. This did not go unnoticed by Bill

M2Michael Swaynefi Dr . Do bb6s Jbrur nDeolb b@asualydaredsra |
http://www.drdobbs.com/architectueand-design/18440637@accessed June 14)20); Tom Halfhill,

A Tomds UByeRAQ:iTlkeiDaath oByteMa g a z i Hadfhill&comi(Burlingame, CA:

Halfhill.com, April 18, 2007)http://www.halfhill.com/bytefaq.htmlaccessed June 14, 2010).

"Mi chael Steil, #1200 Baud Archaeology: Reconstruct
Pagetable.confblog), July 22, 200&attp://www.pagetable.com/?p=3accessed June 14, 2010);
Comp.sys.apple2.prognamer Frequently Asked Questioms. 130.0615.163@ ocation Unknown: June,
2010),http://home.swbell.net/rubywand/csa2pfag.h(adcessed June 14, 2010); International Business
Machines, PGads eDRirtBaMt u ct  F alBM ArcBives{Aeamond, NY: n.d.),
http://mww-03.ibm.com/ibm/history/exhibits/pc25/pc25_fact.h(mtcessed June 14, 2010); lan Matthews,

i Teh Amazi ng Co mnCGooimodoe.cdCEeSterdere, Alberta: Up & Running Technologies

Incorporated, February 22, 2008j}tp://www.commodore.ca/products/pet/commodore_pet(atoessd

June 14, 2010) ; Ol dc o Mpu t( evrod.Oldeothpute@meg@Orange Shac k TRS
County, CA: Oldcomputers.net, n.dhftp://oldcomputers.net/trs80i.htifdccessed June 14, 2010).
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Gates and Paul Allen, who got their professional programming start in 1975 by \ariting
basic interpreter for the Altair 8868% Shortly thereafter, Gates ignited what was
probably the worldoés first software piracy
Homebrew Computer Club of theft for sharing copies of it amongst thems&lves.
Progamming was not merely function of the early microcomputer; it wé®e function.
What else were computers for?

As described earlier in this chapter, the market for personal computer hardware
did not properly emerge until it had shaken off those hoblgppings that represented
technological barriers to mass adoption. Consumers needed computers that were
packaged as discrete, complete systems rather than kits that requieseeagsembly
or tinkering. Once this took place, and here the examplésafalc stands as a useful
marker of the beginning of the period, demand for software worked synergistically with
demand for computers to encourage the adoption of ‘hdtiSoftware drove sales of
computers, and increases in the size of the user baseplatfarm drove software
development. Floppy disks became standardized on an indusiy (physical
dimensions) and pgplatform (formatting/encoding) basis, a development that permitted
the mass distribution of software as retail goods. More signifibamiever, was the fact
that computers came to be regarded as tools rather than the speciality playthings of
experts or aficionados.

What distinguishes software from other species of goods is that precise duplicates

" \Wallacetreats this irHard Drive,c i t ed above. S e eltaiaBASIC fotie 680@ e |  Hol | e
in Southwest Technical Products Corporati@tottsdale, AZ: Southwest Technical Products Corporation,

2006), http://www.swtpc.com/mholley/Altair/Altair_Basic.htfaccessed June 14, 2010).

Bill Gates, fAAn Op eHomdbrew GomputertClub Mewdetieysk. & tFebruary i n

3, 1976) http://www.digibarn.com/collections/newsletters/homebrew/V2_01/gateslette(dntodssed

June 14, 2010).

1181BM made sure that a PC port of VisiCalc was availalyléhe time it began shipping units to

customers. The screenshot featured earlier is actually from the DOS version.

74


http://www.swtpc.com/mholley/Altair/Altair_Basic.htm
http://www.digibarn.com/collections/newsletters/homebrew/V2_01/gatesletter.html

of it can be created in seconds by emséra who possess no great technical acumen or
expertise, that these duplicates can be transmitted automatically over long distances, and
that the copying process does not produce degradation in either the source or the original.
With other physical goodsought from their content, like records or books, duplication
was either timeor capitalprohibitive, and each duplicate consumed physical resources.
As the cost of the storage or transmission of software copies was typically orders of
magnitude less tmathe price commanded by legitimate copies in the marketplace and
these copies were 100% functionally equivalent to genuine goods, widespread access to
copying technology in the form of the microcomputer made piracy all but inevitdble.

In other words, tb market forces that encouraged the development of computers and the
software industry, namely commoditization, mass marketing and the use of computers as
generalpurpose calculating machines, were responsible for the emergence of the mirror
world of illegal software trading.

The market was not all, however. The centrality of programming within the
microcomputer paradigm and the degree of plasticity afforded by software made
computers dynamic, generative consumer devices rather than fixed, receptivesgréduc
Compare, as an example the differences between a book, a television set and a personal
computer. The first is a fixed receptacle of externghyerated static information; the
second is a fixed receptacle for the display of exterrgdlyerated dymaic information
disseminated through broadcast, essentially a recgiljeterminal. Even in the pre

Internet era, a microcomputer was always a mataietwork node capable of both

"7 The introduction of the cassette tape produced the same phenomenon within the record industry with
one key difference: a tagiubbing mackme could only produce copies, while personal computers permitted
their users to both creassmd copy software.

18 Eric S. RaymondThe Cathedral and the Bazaar: Musings on Linux and Open Source from an
Accidental Revolutionary Sebast opol , 99¢FA: OO6Rei Il 'y, 19
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receiving and displaying externalgenerated content as well as creatiagd
disseminating content of its owlt. For books or televisions, the equivalent would be if
a printing press were included with every copy of Tacitus, or if a studio and broadcasting
tower were included with the sale of every screen.

This broke the micrazmputer software marké&tand eventually the market for all
computer softwaré@ into three segments: purely commercial applications developed and
sold by established businesses:tigforeyourb uy fishar ewar eo soft war
software shops anddtributed via disks in Ziploc bags, compilation &G®M volumes,
or BBSes,; and unrestricted fAfreewareo that
movement. This last category encompasses the antecedents to the modern open source
movement epitomizeldy the Free Software Foundation, though in the microcomputer era
binary distribution was more common than the transfer of source'€bdes has been
increasingly obvious to the consuming public since the-18@0Ds, the widespread
adoption of computing technology and the piracy it encouraged has been of game
changing significance to the business models of traditional content distridutbithat
subject lies beyond the scope of the exercise undertaken here.

Before the BBS, software distribution and software piracy occurred solely in the
physical world through expedients like the sneakern#te physical transportation of
data between coputers by user¥! Physical transportation mechanisms are still in use

today for the transfer of very large data sets, typically in the tens of terabytes, as while the

I'n this context, the meaning of fnetwork nodeo mus
referenced earlier, if the term is to apply.

120 Christopher M. KeltyTwo Bits: The Cultural Significance of Free Softwébeirham: Durham

University Press2008).

12LEOLDOC, The Free Othine Dictionary of Computings . v. fASneakernet, o accessed
http://foldoc.org/sneakernet
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latency of this method is very high, so too is its
throughput: it is often faster to s®ra large
capacity hard drive through the mail than it is
to transfer the data contained orthtough a

network. Once the BBS arrived,

freeware software was disseminated through

Ol d school : k Houbde sitied,chigiithe telephone network via the dial systems
density. Dtal capacity up b 1.2 megabytes

depending on formatting.Earlier disks had aconnected to it Commercial software
total capacity of180 or 360 kilobytesi or |

possibly even lessThe adoption of a standarc ) . . . .
size and format for removable storage led COntinued to be distributed in retail boxes until

both the consumer software industry ar

widespread piracy* the early 2000s, wheronvergence between
high-speed consumer network access and electronic transaction processing made digital
distribution feasible, but between 1980 and the turn of the century the BBS was king.
Shareware was amenable to BB&ed distribution as it sepamt¢he transport of
software and payment according to the method that was most secure and efficient for
each function. Distribution of trial versions of software took place informally, with
systems receiving copies uploaded by users or transferred thriedigiNetstyle
fifil ebon % Registratiorocodessor keys needed to unlock the full functionality
of the software or eliminate irritating

postal or electronic mail upon receipt of physical payment.

Evey software developer that made money in the industry depended on the

2Qrren, @ M268HD|5125 Mx2h F | o p WikiMebia GokmantSanfancisco, CA:
Wikimedia, April 10, 2006)http://commons.wikimedia.org/wiki/File:5.2ch_floppy disk.jpgaccessed
June 2, 2010).

Zjanet KBriafdistory of FidoNetFile Distributionp FideNews(Mortsel, Belgium:
Fidonet.org, n.d.http://www.z1 .fidonet.org/filehist.htm#fdhigaccessed June 2, 2010).
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marketmaking popularity of the personal computer while fearing the erosion of profits
through the distribution of perfect copies. For software titans like IBM, WordPerfect,
AshtonTate (makers of the onepopular dBase database software) and Lotus, the threat
of enduser piracy was never felt as keenly as it was for those who developed software
for the home market, like gam&$. Large, established businesses feared the threat of
legal fability associated with the use of unlicensed commercial software and held assets
that could be seized to meet an award of damages. Besides, as classic physically
bounded communities, businesses were capable of subjecting users of computing
resources tophysical and electronic surveillance. They thus enforced normative
standards of good behaviour, like not stealing intellectual property. In the chaotic
environment of the home PC market, stronger protection measures were needed to clamp
down on illegal opying. These took the form of increasingly elaborate gopyection
schemes, from the use of fAkey disko routir
media before the program wound run, keyword schemes that forced users to type in a
word or phrasé r om t he softwareds manual before p
and eventually hardware dongles that attached to a spare port on the system and validated
ownership through cryptographic challergsponsé?

As an anonymous, electronic community l@ddwithin the telephone network,
the BBS was an ideal enabler of the trading of pirated softivared any other illegal
activity that might be better concealed behind the mask of the terminal. Fear of civil or

criminal sanction led to the development afbifurcation between those systems that

124 Despite this, the Business Software Allian@e industry group dedicated to the eradication of piracy in
the corporate sphere, was formed in 1987 hége//www.bsa.org

15 DT, Copy Protection: A History and Outlopi_ocation Unknown: n.d.),
http://www.textfiles.com/100/copyprot.pfaccessed June 12, 2010).
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offered only shareware ol

|
freeware applications and th Ly 2 —:
. 5 ING AN l_ .
network of sub rosa SyStems [ ——— ======
SYNDiCATE SALES RELEASE MULTILANGUAGE
that specialized in piratec (English, French, Italian) by BullFrog
=========================) [1/5] <=[-DJ-1=
SCIl art at its finest: FILE ID.DIZ release descriptor fc
Syndicate, 0 a game publ i sht
. and released by warez group Razor 1911 not long afterwe
part of the first set, known aRrazor began in Norway in 1985 as a Commodore ré&king
group. The address for their demo division, which specialize:
Apubl i c creating filoaders, 6 advertis
pirated software, is available laitp://www.razor1911.cort?®

software. BBSes that forme?

d omai n o0 boards, ivéteDtgpically publicly accessible, advertised systems whose
operators demanded some real or verifiable information from their users during the
account signup process and operated strictly within the letter of the law. The second,
much smallerset onsi st ed of fwaresr)e zwo arfdso.m nABlhdde v
handlesonly systems that were advertised by word of mouth and used mechanisms like
passworeprotected new user signup procedures and upload ratios to vet the quality of
new members anghaintain the flow of the sought good that was pirated software. While
there was always some overlap between these two classes of systems, the maturation of
the personal computer software industry, attention from law enforcement and the ever
increasing sie of software increased the cleavage between them by encouraging
specialization within both the PD and warez worlds.

No copy protection scheme has ever proven invulnerable to dedicated attempts to

defeat it, a fact that has remained true ever since tteefiiorts by software houses to

126 Razor eventually attracted the attention of the U.S. Department of Justice: Paul J. Mediaist

Leader of Razor 1911, the Old&same Software PiradRing on the Internet, Senteno@dexandria, V.A.:

U.S. Department of Justice, United States Attorneybod
http://www.cybercrimegov/pitmanSent.htnfaccessed June 12, 2010). Razor 1$yhdicate

FILE_ID.DIZ Artwork, (Location Unknown: Razor 1911, June 17, 1993),
http://thepiratebay.org/torrent/4147426/SYNDICARAZOR (accessed March 3, 2009).
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clamp down on unauthorized copying. The same development and debuggicitaios|
that make it possible to create software on microcomputers made it equally possible to
defeat copyprotection schemes through the disasdgnad compiled software. The
tools, however, mean nothing without the willingness to use them; in this, microcomputer
pirates adapted the hacker counterculture of innovation and resistance to externally
imposed limits to the intellectual challenge of lkieg copy protection. Crackers,
always anonymous and forgotten with the rise of each successive platform, warez group,
or spate of software releases, took it upon themselves to circumvent the routines
publishers used to attempt to protect their produ@hey enjoyed the exercise of
technical expertise and discipline this demanded, but they also sought the enhancement of
personal status devising a successful crack conferred, for new warez was the currency of
the underground.

As the BBS and warez sceneatared, the lone crackermerhaps best epitomized
by AApple Bandit, 0 whose moni ker appears

T was replaced by the warez group. The increased size and compfesafyware,

The Eye of the Beholder Trilogy ~» 33it [1/7 including the sopistication of
e

\ N/ / TRiSTAR

\/ NS AN \/ SR SN Ccopyprotection routines,

/RtXt N _ 1N _
pressured warez groups into

FILE_ID.DIZ ASCII art for the Eye of the Beholder Trilogg, organizing their personnel into
series of3D roleplaying gamsreleased by Strategic Simulation

Incorporated in 1995.This release was packagbgt TRISTAR ; : s

(the above 1|ogo CHa FI5E IBDIR files Tfun(:tlonal units that divided the
were included in archives uploaded to BBSes as they provide )

automatic file description, thus obviating the need for tlabour reguired to produce
uploading user to describe the transferred file. As demonstr

by this and the preceding example, thésoaserved as a vehiclepirated copies. An evashifting
to advertise and brand the warez group that put a rele

together:?’

127TRISTAR, Eye of the Beholder Trilogy FILE_ID.DIZl,ocation Unknown: TRISTAR, 1995).
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roster of individuals dedicated to supplying new releases, breaking thetpoatpygtion
routines, splitting them into easijownloaded chunks, couriering the releases to-long
distance sites and acquig the fake calling cards and toll codes that supported the
couriers gradually came to define the membership of any mature warez group. Such
organizational stratification was the mirror image of equivalent developments within
established companies in tkeftware and personal computer industries: as the market
developed, the solo innovator was replaced by the corporation.

A curious aspect of the pirate scene that persists to this day is that while members
of a warez group might flout copyright laws, commity number of subsidiary criminal
offences (mainly fraud) in furtherance of their goals and organize themselves in much the
same way as any other gang devoted to a criminal enterprise, group members only rarely
profited from their illegal acts. As the rrant ubiquity of BitTorrenbased piracy of
applications, games, movies, music and all other forms of digital media demonstrates, it
appears that little real money is made through most of the illegal distribution of
copyrighted content. Instead, the metforce that animates the top players in the warez
scene, both during the era of the BBS and
the reputation carried by those within the community who have access to the newest
releases, the fastest conneas, and the most secretive and exclusive distribution sites.
To stake it all, including the stigma of a criminal conviction, for the sake of cultivating an
online reputation entirely divorced from the physical self and community to which one
belongs wold be incomprehensible but for the fact that such occurrences have become
commonplace in the information society knitted together by the Internet. When the BBS

and warez scenes first emerged in the 1980s, however, these were truly novel phenomena
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T virtual, secret societies whose members, when masked as their online alter egos,
recognized no cultural norms beyond those their subculture, enforced these through
constraints embedded in software, and dedicated themselves to the pursuit of excellence
as they dfined it.*?

Earlier, the visual aesthetic of bullet
system, 0 the combination of trope, i mage a
online interaction. All BBSes presented a variation of this form ég thsers through
their interface, but it was under the evolutionary pressures of the pirate scene that the
quality of ANSI artwork reached its apex. Pirate BBS operators sought such artwork to
give their systems the 0 dhe markers of status kvithiand f €
this community. ANSI artists produced many of the works that they did to enhance their
own reputation within the Ascenedo and gain
they offered. But while this illustrates why AN&itists chose to draw in the first place,
it does not explain why these artworks look the way they do. For that, we must turn to an
exposition of the technological constraints imposed on these artists by their computing
platform of choice, the IBM PC. Ehrelationship between it and the telephbased
networking paradigm of the era explains the origins of the form, the upper limits of what

might beexpressed through it, the duratiohits dominance, and its ultimate decline.

The fAwarez ethicd is in many respects a permutatic
fCode is Speech: Legal Tinkering, Expertise and Pro
De v el o pGultusal,Adthrapaiogy24, no. 3 (2009): 42a54.
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Mosaic in Text - Mode Miniature: Technological
Constraint and the Development of Form
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Det ai IHufnmréglord @azz of Ansi Creators In Demand (ACiD), October, 1694,

2 or d Jaz z ACibB:Aheregyisition; Gctober, 19¢ocation UnknownACiD Productions,
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~vILFALALE

: The Devil

: Alexis Machine
King Arthur
The Beholder

PE United States H.(].
eaturing USR Daul Standard >
408-867-5139

Chips fAhoy A A
iThe Evil Pal ace BBS | ogodo by Chips Ahoy of Aces
Date unknown; probably 1990 or 1954,

Take a moment to examine the imaged depicted above. As indicated by the
artistoés tdiegnaotwmerre riing ht corner, it was dr
ANSI Art. The date of its production is unknown, though it likely hails from 1990 or
1991. Note the simplicity of both the logo font, which features only the most
rudimentary shading, andeh f | a't perspective wused to de
presumably represents the BBS this artwork was intended to advertise. The colours are
garish, the level of detail is low the slightly bizarre bluandbrown doughnut
surrounding the towers is supged to be a moatand there is lots of blank, unused space
in the compositior®* All of the hallmarks of BBS artworks advertising a pirate system

are there, however, from the reference to

October, 1994)http://www.textfiles.com/artscene/acid/ARTPACKS/1994/acd4ldi® (accessed June 2,
2010).
0Cchips Ahoy. HAEvVI | AcBsaiANSI Ait ReRenbrancegPadkacationiunknown:
n.d.), http://www.acid.org/ftp/aa8991.zip (accessed May 30, 2010).
131 The sniley-face symbols on the flags are also somewhat incongruous with the type of standard one
might expect to see fluttering above an evil palace.
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Standar do Owvkzasd madenl Bign@&aetured by US Robotics), the slightly
adolescent handles of its systems operators and topearators, and the fact that it was
Uu. S. headquarters of APE, 0 presumably a w

located in the 408 area@®, which covers Santa Clara County and Cupertino, California.

nicotine

iNi cotine BBS Logo, 0 "d\CiA Acquision artpaeck) Nowembef, 8996. fThisds 5 0
one of the last pieces of ANSI BBS artkgproduced by ACID before their switch to the production of
ASCII and bitmapped images, which were forms more compatible with the burgeoning Ihternet.

Now considet he AEvi | Pal ace BBS |l ogoo in Iig
scarcely six years latand is an example of the form at its highter mark. While the
colours are still garish, this logo features both shading within the font itself, which is
substantially more complex and stylized, as well as background shading that flows from
low- to highintensity blue and back again. Accents on the points of the letters are
present, notably the crecssshaped cyan star on t h-dotsf)No and
above the #dAl . o0 The text of the | ogo is s
necesary as logos increased in complexity (and thus illegibility), and the camouflaged

artistodés signature Dblends into the backgro

132genseii Ni c ot i ne inBABIB: ThedAgquisition #50, November, 19@®cation Unknown:
November, 1996), http://www.textfiles.com/artscene/acid/ARTPACKS/1996/d6@4.zip(accessed
March 27, 2010).
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within a bulletin board rather than an advertisement for the system, no pinobemor

other braggingights information about the speed of the system, its storage capacity or its
group affiliations is present. While both artworks have been converted inte high
resolution images that can be embedded in this document, in theirabrfigim both

were decidedlylow es ol uti on pieces. i E wtarldardext a c e 0
mode screen resolution of 80 by 25 charact
17 characters.

As historical documents, these two artworks ginee to certain obvious
guestions. First, why do these works appear in the form that they do, drawn as they are
with a limited bruskset of sprites and available foreground and background colours, and
why is their resolution so low? How would these wdrkse been viewed by the user of
a bulletin board system at the time they were created? What accounts for the evolution in
drawing styles in such a short period, and why was this form of digital art bypassed and
superseded by others? How is it possiblat these artworks are still available for
viewing and analysis given that the technological substrate that spawned them has been
obsolete for approximately fifteen years, no official archivist has ever organized or
curated them into a collection, and yhare volatile, easikgeleted digital documents?
Finally, beyond the seemingly innate human desire to create art using whatever means are
available, a tendency that undergirds everything from cave paintings to the Damien
Hi rst s 1 nf amo etheyitrSated in the ficst pladey wer

These questions can only be answered by exposing the technological and social
constraints that prescribed the limits of the form and the reasons why individual artists,

nearly all anonymous and unknown to posterity, ehtmsexpress themselves within it.
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As shall be demonstrated in this and the subsequent chapter, the latter focusing on the
ethos of the underground art scene, these works appear as they do because of the
microcomputer platform on which they were creathd,rules governing humanachine
interaction in the era in which they were prevalent, and the economic or market
conditions that determined both the capabilities of the IBM PC computer platform and

the ecology of systems known as bulletin boards.

The IBM PC and Periodization

Much of the history presented in the preceding chapters has focused on the
evolution of the personal computer market during the 1980s, with attention paid to both
the paradigm shift represented by the advent of the microprocessor and the role of
hobbyist @&tvelopment in the creation of the industry. This treatment was necessary not
only to illustrate changing market conditions during that seminal decade, but also to
explain why the commoditization of computers led to the breakdown of normative
structures swounding their use and how this encouraged the development of the kind of
virtual, private,sub rosacommunities epitomized by pirate bulletin board systems. In
this it was noted that while the early 1980s saw manufacturers like Commodore and
Apple gainlimited traction in the marketplace, by the end of the decade they had been
displaced by the wide range of companies who adopted the systems architecture
originally advanced by industry latecomer IBM in the form of the IBM PC.

For mo st of < design a8 Sighiicantlyl nidrel éxpensive than the
offerings of Commodore and Apple, its two principal competitors. Three factors explain
why its platform came to outsell all others. First, IBM initially targeted its traditional

clientele in the corporatearket, where customers were willing to pay a price premium
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for the stability of the IBM brand. Adoption of the IBM PC in the home market was
driven =either by corporate userso6 desire
computers or, later, price cusccasi oned by widespread <cl o
Second, both Apple and Commodoreds systems
typically changing processor families between platform generations in a way that broke
true backwards compatibility. By sely a discrete, sef ont ai ned HApackageo
a system that conformed to a broad standard, these manufacturers made themselves
responsible not merely for designing and marketing systems, but also for guaranteeing
operating system and application teaire support. Finally, cloning of the IBM PC
design led to platform inertia: all manufacturers, including IBM, had to conform to the
system standard lest they fragment the market that sustained them. This ensured basic
compatibility across generationg mrocessors and advances in display, storage and other
technologies.

All of the ANSI artworks that will appear in these pages were created between
1990 and the turn of the century. No earlier or later examples will be employed; indeed,
few earlier exmnples exist. This is because this class of artwork is uniquely referable to
the platform and markespecific technological constraints that defined the operating
environment of this branch of the personal computer market during this period. These
were he dominance of the IBM PC platform, the evolution of technological capabilities
within it that encouraged this type of expression, and the broad limits prescribed by the
type and quality of network access available to the majority of computer usersit idere
important to point out that BBSes ran on all computing platforms, not just IBM PC

compatibles, and that during the 1980s some of the most vibrant examples of BBS culture
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and digital artwork were created on Commodore or Apple computers. Becaumse of t
design choices of their manufacturers, however, these platforms carried with them vastly
different technological strengths, variations in capability that strongly influenced the
types and modes of expression that would become prevalent on each pl&igosing
these differences in capability stands at the center of the explanation of why ANSI
artwork developed when and in the way that it did.

To illustrate the
point, consider the case o

the Commodore 64 (C64)

o HE HONE OF THE RE6AL C(RAGCKERS

As a computing platform,

. . PRESENTS :
Its raW processg] R —————
P o TR R R Y L T e
capabilities were
TE0 OFdoew 6oe OF IPL) . KGiaGdn,
significantly worse than INTRO BY «OODO

those of the IBM PC, but ag

. Commodore 64 ficrackt r oa platfona ghme

a gaming platform they released by Software Creations in 1988. As the intro indicates, Ha

t he war ez group Fai r | i grbtéctionc one

were much better; it hadrebruary 26, 1988, and Fairlight member Woodo wrote the- hi

resolution, scrolling intro screen thatvgs credit to the group. A still

image does not do justice to the loader, which featured anim
graphics and an accompanying music s¢ote.

dedicated, highesolution
graphics capability delivered by the MOS VICgraphics processor (320x200, 16
colours) and could produakecentquality synthesized sound through its included MOS
SID-6581 audio ceprocessor. Equivalent features were not featured in IBM PC
compatible systems with any consistency until at least 1992, and even then were provided

by third-party hardware instatl by the user. As was the case later with the IBM PC, the

BWoodo, fABI ack L a mpBlackLampkairlighi Releasea) dL@aatjod Unknown:
Fairlight, February 26, 1988http://www.thegamearchives.com/files/b/black lamp_firebird + fairight
c64various.zip(accesed March 29, 2010).
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C64 developed a vibrant BBS and software piracy community dominated by warez
groups, but the development of computer art on this platform took advantage of its
enhanced graphics and sound throughe pr oducti on of WAintroso
were added to the beginning of warez releases to give credit to the releasing group) that
were colourful, animated, soundtraskored examples of programming prowess. C64
BBSes never developed true BB8work like that of the IBM PC because other, better
opportunities for expression existed on the platform and because the text mode of the
same was both low resolution (40 x 25 characters) and did not natively support the
changing of background colourt@utes. Furthermore, the limited amount of random
access memory available on the C64 (64 kilobytes) ceded the development of complex
BBS software to more capable platforms, and while some {dloeking characters were
available in the form of Céproprietary PETSCII (a derivative of the standard ASCII
character set), the speed of modems available during its heyday made the extensive use of
textmode BBS graphics painfully slow.

What this means, then, is that while microcomputers presented their usesnwit
unparalleled degree of creative potential through the plasticity of software and the
promise of programming, the capabilities of a given platform placed limits on what could
be done with it. Artistic expression using microcomputers thus pitted hinganuity
against the restrictions defined by hardware and operating systems. Above this lay the
larger economic constraints that determined the availability and affordability of specific
microcomputer platforms, with factors like cost and the degreersfutner adoption of a
given system influencing the prevalence of specific art forms by placing limits on the size

of the pool of users that might become either artists or art aficionados. These conditions
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were further influenced by the availability of cumergrade networking technologies

and the amount of data that could reasonably be transported over the wire, for without the
ability to easily distribute and share art, no audience for the works could exist. Digital
expression was thus a matter of maighmeans to ends, with technological constraint
determining the limits of the possible as well as the sought social and other goods that
might accrue to talented artists on the basis of their reputation and what they might trade

in exchange for the fruitsf their creativity

The Scale of the System

A discussion of the technological constraints that defined the IBM PC during the
period under study and a | aypersonés expl
these specifications is necessary if thé boéadthi or lack thereof of what this family
of systems were capable of is to be meaningfully understood. The assumptions of the
computing present, regardless of the fact that current platforms use substantially the same
underlying technology in useluring the 1980s and 1990s, must be cast off or
significantly scaled back: in 1990, only the barest analogues to currensgegl,
graphicsintensive, multimediccapable and networkware systems existed. To
demonstrate the outlines of the platform adl\as the exponential evolution in capacity
which it underwent between its appearance in 1980 and the decline of the form in the late

1990s, the following table has been assembled:
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PC-Compatible Platform Capability, 19801996

Specification Period | (19816) Period 11 (1986-90) Period 11l (1990-1996)
CPU (family / clock Intel 808688 series Intel 80286 series Intel 80386/486/586
Spgset?r’n';/'tg’s 4.77 Mhz /~0.33 MIPS 6, 8 or 12.5 MhZ ~0.9 Series
to 2.6 MIPS 16, 25, 33, 66, 90, 133
1660r 200Mhz/ ~5 to
541 MIPS
RandomAccess 1671 256kb (640kb with 384kbi 1mb 640kb to 64mb (4mb
Memory (RAM) full expansion) 16/32mb standard on
Complement 80386/486/586
systems)
Graphics Monochrome or Color Monochrome or Video Graphics Array
Graphics Adapter CGA/Enhanced (VGA) or Super Video
(CGA); 80x25 1ecolor Graphics Adapter Graphics Array
text mode, maximum | (EGA); 80x25 or 80x50, (SVGA); 80x25 or
640x200 4color 16-color text mode, 80x50 16color text
graphics mode 320x200 or 640x200, | mode, 640x480 or spe
16-color graphics model  maximum 800x600
from 64-colour palette 256-color graphics
mode
Storage 360kb doubledensity | 360kb o 720kb double All floppy drives
(media/density) 510 floppy|ldensity 3i d identfied earlier, but
drive, later 1.44mb high| 31 0 st and-a
density 31| ~1GB harddrives; CD
510 floppy ROM (640mb optical
hard drives between 5 media)
and 40mb

Modem Speed

300 baud (bits/se@)

1200 baud, acoustic
coupled. Equivalent tq

between 37 and 150
charactersper second

1200 or 2400 baud
(1989), direct
connection to phone ling
(max 300 characters pg
second)

2400, 9600, 14400,
28800 or 33000 baud
(56ktechnology was

asynchronous and only
applied to Internet

Service Providers);

some Integrated

Systems Digital

Network (ISDN)
modems at 64k. 28.8K

standard by 1996;
~3.5 kilobytes/second
theoretical maximum.

134as the IBM PC defines a technical specification that gave rise to a platform instead of consisting of a

family of systems that were released over time by a single manufacturer, the task of attempting to
determine average system sfieations during a given period is significantly more difficult than

reconstructing, say, the gradual increase in capability seen between the Apple |, Apple I, Apple Macintosh

and subsequent systems. As we proceed through describing the subsysterogeshtizit were
responsible for overall improvements in the capabilities of the platform, references to technical
specifications will be provided.
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Processor cycles are synchronized by clogistals that oscillate at a given rate
per second. Even in the simplest of cases, a processor will not complete one complete
instruction per clock cycle and different processor families require different numbers of
operations to process an instructidn. This makes clock speed a valid comparator of
processor performance only within the same processor generation and family, with MIPS
(millions of instructions per second) standing as the preferred;stabie measure of
crossfamily processor performanc¢& The 1981 IBM PC used an Intel 8086 processor
clocked at 4.77 megahertz (millions of cycles per second) and roughly 0.33 MIPS; the
secondgeneration 80286 from the mitb late1980s ran at a maximum of 12.5 Mhz and
2.6 MIPS; the third, fourth and fitgener ati on 80386, 80486 an
series of systems had clock speeds of between 16 and 200 Mhz and MIPS measures
bet ween 5 (80386SX, 16 Mhz) and® mawo, (8058:¢
CPUs are routinely clocked at tvgigahertzor above contain multiple processor cores,
and are rated at tens of thousands of MiBBy contemporary standards, the processing

power of IBM-compatible PCs during the earlyo mid1990s was miniscule: the

¥ L ee Penrod, fUnderstanding System Memory and CPU ¢
Bus ( F ®Bertromorg (Houston, TX: Directron.org, September 21, 2007),
http://www.directron.com/fsbguide.htrdccessed May 4, 2009).

Roy Longbottom, AComputer R®pe e d nGREBencbmardl 980 t o 1 ¢
Collection(United Kingdom: n.d.)http://www.roylongbottom.org.uk/mips.htaccessed May 4, 2009).

37 |ntel Corporation8086 16Bit HMOS Microprocessor Datashe@anta Clara, C.A.: let Corporation,

September, 1990http://datasheets.chipdb.org/Intel/x86/808x/datashts/8086/230@5pdf(accessed

May 5, 2009); Intel Corporatior80286 Microprocesor with Memory Management and Protection

Datashee{Santa Clara, CA: Intel Corporation, September, 1993)
http://datasheets.chipdb.org/Intel/x86/286/datashts/210263pdf(accessed May 5, 2009); Intel

Corporation, Intel386 DX Microprocessar 32-Bit CHMOS Microprocessor with Integrated Memory

Management Datashegbanta Clara, CA: Intel Corporation, December, 1995),
http://datasheets.chipdb.org/Intel/x86/386/datashts/2316301{gudessed May 5, 2009); Intel

Corporation, 80486 Microprocessor Datashg@anta Clara, CA: Intel Corporation, November, 1993),
http://datasheets.chipdb.org/Intel/x86/486/datashts/240860df(accessed May 5, 2009); Intel

Corporation,Pent i um Processor F a®antd GlaraD@Avletd Goperatid®95)Ma n u a |
http://datasheets.chipdb.org/Intel/x86/Pentium/24143004 @b¢essed May 5, 2009).

138 ntel Corporation)ntel Core 2 Duo Processor E8000 and E7000 Series Data¢Beasta Clara, CA:

Intel Corporation, June, 2009)ttp://download.intel.com/design/processor/datashts/31873@apdéssed

July 4, 2009).
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http://datasheets.chipdb.org/Intel/x86/286/datashts/210253-016.pdf
http://datasheets.chipdb.org/Intel/x86/386/datashts/23163011.pdf
http://datasheets.chipdb.org/Intel/x86/486/datashts/240440-006.pdf
http://datasheets.chipdb.org/Intel/x86/Pentium/24143004.PDF
http://download.intel.com/design/processor/datashts/318732.pdf

processors now found in cell phones are capable tf 400 MIPS:®

Randomaccess memory (RAM) is the virtual scratch pad in which a computer
system stores running software and the variables a program uses to perform calculations.
Absent paging or swapping, which writes areas of RAM out tovatetile or other
storage for later retrieval and thus allows the loading of programs or data larger than
available physical memory, the total amount of RAM in a system defines the maximum
size of a program or data set it can load. Storage capacity, whether in R&MIEK, is
measured in bytes, the basic addressable unit in most computing architectures; depending
on system architecture, a byte is an array of six to nine (usually eight) bits, or base two
numbers (0 or 1). A standard eigiit byte can hold one &56 (%) values, usually the
number of bits required to represent a single character within a given typographic
encoding. This is the equivalent of two base 16 or hexadecimal didfijs (16

Early microcomputers typically contained between sixteen and ikg/tes (kb)
of RAM, with a kilobyte holding 1024 {9 bytes. On IBM PCs, the limit of nen
extended RAM was always 640kb, though during the period under study most systems
contained between four and 16 megabytes, with one megabyte holding 1024 kitwbytes
1,048,576 (&) bytest*® To provide a reference as per scale, the characters that make up
this sentence amount to 98 bytes. Current personal computers usually carry several
gigabytes of RAM, with 1024 megabytes in each gigabyte; the operating systse on

IBM PC compatibles during the heyday of BBS art, Microsoft-DISS 4.0 or 5.0, only

139 Matthieu WeberMobile Hardware (Jyvaskyla Finland: University oflyvaskyla March 18, 2009),
http://users.jyu.fi/~mweber/teaching/TIEA323/lecturesia@dware.pd{accessed May 5, 2009).

1“9David Culler,EECS252Graduate Computer Architecture, Memory Trends/Spé@eikeley, C.A.:
University of California, July 14, 1998)jtp://www.eecs.berkeley.edu/Atar/courses/cs252
s05/lectures/cs252s@&c0kintro.ppt(accessed May 5, 2009; most recent update is October 17, 2010).
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required approximately 384kb of memdfy.By compari son, Microsof't
of Windows demands a minimum of one gigabyte of RAR.

Physical storage capacity also measured in kilobytes, megabytes or gigabytes,
but what differentiates it from RAM is the fact that it is external to the -GBUsing
motherboard of a microcomputer system, connected as it is by a data bus, and-it is non
volatile in that its contats are retained when a system is powered off. Even today, disk
storage is predominantly electromagnetic, with optical media likeRCIMs and DVDs
and solidstate devices like flash disks standing as exceptions to the rule. Floppy disks
and hard drivestsre data in the same way; they are named differently because the platter
on which data is written is made of either flexible plastic or inflexible glass or metal.
Data is stored on disk on a4my-bit basis, with the disk head writing a nertr south
polarized segment representing the 0 or 1 in every bit. Collections of bits are encoded
into bytes which are allocated into the clusters that are the basic units of disk sectors and
disk tracks.

Originally, the storage capacity of all microcomputers wategnodest, with 5%
inch, 180 kilobyte singksided floppy disks the norm. These were later expanded to
360kb doublesided disks, 720kb doubkded doubladensity 3% inch disks, and

eventually 1.2 megabyte 5% inch or 1.44 megabyte 3%z inch disks. Wieesgradually

141EMS Professional Softwarsjicrosoft DOS Version FeaturéBeerwood, M.D.: EMS Professional

Software, n.d.)http://www.emsps.com/oldtools/msdosv.htaccessed May 6, 2009); Operating System
Documentation Project, nDge@ting IystankDocDmeatatiantPiojea Sy st e m)
(Karlsruhe, Germany: April 14, 2003http://www.operatingsystem.org/betriebssystem/ english/bs

msdos.htn{ accessed May 6, 20 0 97echNet: Bystern Requodments@olBNd or at i on
PGDOS 5.0 Upgrade 6 Microsoft Support(Redmond, WA: Microsoft Corporation, November 16,

2006), http://support.microsoft.com/kb/75148accessed May 6, 2009) ; Harry Mc
Moment ous Moment s PCWorl@(&8 Frihcissd, ©A RCWorld Cammunications Inc.,

April 1, 2008),http://www.xs4all.nl/~hwiegman/msdos/75148.h{mccessed May 6, 2009).

142 Microsoft CorporationWindows 7 System Recgrinent{Redmond, WA: Microsoft Corporation, 2009),
http://windows.microsoft.com/systemrequiremefatscessed May 6, 2009).
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complemented by

The IBM Personal Computer XT.
More power to the person.

hard disk drives with
capacities ranging
from five megabytes
i _ . atthe beginning of the
;MJ!BM 1980s to one gigabyte

by 1996, though the

he

: ~w  standard hard drive

1BM Personal Computers, call B00-44
In

Alaska or Hawail, 800-447-0890 mM

Period advertisement for the | BM gjze during the early
was released in March of 1983imed squarely at the corporate market, th

advertisement -milianelaradteh fixed ¥igkdashard dride
that gives you the power to pump 1990srangedfrom 40

mentions backwardsompatibility with the original IBM E as a selling
point. Total cost: $5,000, the equivalent of $10,629 in 2@dj@sted dollars.to 540 megaby‘[ejs‘l.4
IBM licensed the Charlie Chaplin tramp figure for use in its ad campaign

the 1980s, believing that it COUIHaI’d

public fear of computers that might inhibit its entry into the PC mdfRet drives  were

initially prohibitively expensive, with ten megabyte disks costing several thousand
dollars in the early 1980s, but by the middle of the subsequent decade they had dropped
to a price point familiara contemporary consumers, namely about $250 6Fs@vhile

current computers are routinely outfitted with disks capable of storing between 100

gigabytes and one to two terabytes, the ordérmagnitude size differences that separate

Wl o6m afraid | couldnoét determidnenwhaBSemagBbaiwveeDuhfk
5160 XDla voe dsn Ol d(CathpOniariotDenfiedd Development Services Inc., 2004),
http://www.classiccmp.org/dunfield/pc/h/pc5160ad {pgcessed lsly 6, 2009). For a period television

ad, sedttp://www.youtube.com/watch?v=bQMXIh_7LGQAIl of this is roughly authenticated by

Stephen Papson, JuhhCGBS (AN 1990)a6678,, 0 i n
http://www.ejumpcut.org/archive/onlinessays/JC35folder/IBMtramp.html

P van Smith, fAHistorical Not esNoabao uStc otthi eaad@o sEtl eaft rH e
(Canning, N.S.: NS1758.CA, November, 1998}p://ns1758.ca/winch/winchest.htalccessed May 6,

2009); Patrick Schmid, fA15 Years of HaTam@sri ve Hi st
Hardware (France: Bestofmedia Network, November 27, 2006),
http://www.tomshardware.com/reviewst¥Barsof-harddrive-history,1368.html(accessed May 6, 2009).

“larryE Byard, fAHard Disk Drive Gui dD&XCompubrbigess Hi st or
(Sanford, ME: Dux Computer Works, 20Q&}p://www.duxcw.com/digest/guides/hd/hd2.hfaccessed

May 6, 209).
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historical microcompwrs from their current descendents represent increases that are
proportional to increases in program size and data storage requirements. In the early
1990s, Microsoft MEDOS 5.0 shipped on five 1.2 megabyte floppy disks; in 2010,
Windows 7 installs off ok 4.7 gigabyte DVD.

Although the graphics capabilities of IBM PC compatibles and the speeds with
which modems available for the platform could access the public switched telephone
network will be the subject of extensive commentary in subsequent settidhs
chapter, a few brief facts bear mentioning here. First, the graphics modes available on
the original IBM PC were almost unbearably crude, with either monochrome monitors,
the fourcolor Colour Graphics Adapter (CGA), or the-d@lor Enhanced Grapts
Adapter (EGA) defining the syst¥nmbesentst at e
high-resolution graphics were not available until the release of the Video Graphics Array
(VGA) and Super Video Graphics Array (SVGA) standards in the early 18908his
did not inhibit the development of BBS artwork, however, as CGA, EGA, VGA and
SVGA adapters could all display 16 foreground and eight background colors at a
resolution of 80 by 25 or 80 by 50 characters in text mode. Furthermore, the speeds at
which these systems could connect to others over the telephone network, which ranged
between 3Zharactersof text per second in the early 1980s to 3,700 per second in 1996,

were so slow as to make the sending of figgolution graphics down the line nigh on

1% nternational Business MachindBM Personal Computer Technical RefereBeca Raton, F.L:
International Business Machines, 1988])p://www.retroarchive.org/dos/docs/ibm_techref v202_1.pdf

p.133158( accessed May 5, 2009). Char |l e sThé/PC GKidez ei r o k , i
(Bennington, VT: The PC Guide, 1997tp://www.pcguide.com/ref/video/std.ht(accessed May 5,
2009).

1473 . D. HaxdevardLevel iGAand S\GA Pr ogr ammi ng | nFfeeViGARrdjecton Page, ¢
(Location Unknown: Bona Fide OS Developer, 199&}p://www.osdever.net/FreeVGA/vga/vga.htm
(accessed May 4, 2009).
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impossible**®

Increase in PC Compatible Capability, 1980-1996
1000
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== CPU Speed

100 (MIPS)

=== RAM
Complement
(megabytes)

10

=i Storage Capacity
(megabytes)

=== Graphics Mode
(resolution, #
thousand pixels)

Capability (logarithmic scale)

=== Graphics Mode
(simultaneous
colours)

wt==Modem Speed
0.1 (kilobits/sec)

| lla Hw o 1w
Period (I, Il or 1lI; & / w indicates beginning / end)

From the above, two conclusions present themselves. The first is that the
capabilities of microcomputers during the 1980s and early 1990s were vastly less than
conemporary computer systems. While the technology required to display digital
images, fulmotion video, animated vector graphics and kighlity compressed audio

existed in nascent form during this period, the processing, memory, physical storage and

148 |nternational Telecommunication Uniovi21: 300 Bits Per Second Duplex Modem Standardized For
Use In The General Switched Telephone Nety@dneva: International Telecommunicatidnion, 1988),
http://www.itu.int/rec/dologin_pub.asp?lang=e&IdREGV.21-1988111!'PDF-E&type=items(accessed
May 7, 2009); International Telecommuniocat Union, V.34 : AModemOperating atData Sgnalling
Rates of up to 33 600 bit/®FUse on theseneralSwitchedTelephoneNetwork and orLeasedPoint-to-
Point 2-Wre TelephonetypeCircuits (Geneva: International Telecommunication Union, 1998),
http://www.itu.int/rec/dologin_pub.asp?lang=e&idRE GV.34-199802I!'PDF-E&type=items(accessed
May 7, 2009).
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networking capabilities of platforms then in widespread use prevented artistic expression
via these nowcommon media. The second is illustrated most readily by the graph that
appears above, which charts improvements in the specifications given in its campanio
table as they occurred over time. With the exception of modem speed and graphics
resolution, represented by the light blue and cyan lines, between 1980 and 1996
everything from CPU processing speed to available RAM to physical storage media
displays a gowth curve which, when plotted on a logarithmic scale, indicatpsnential
improvements in platform capabilit}?®

I n turn, this data set proves two inte
which describes capability using the metric of integratiduit complexity measured
against cost and prescribes a growth formula’of/li2erey is the number of years in a
period divided by two, held true between 1980 and 1&9&econd, what best accounts
for the vast difference between the capabilities otemporary computing platforms and
those of their antecedents is not a scientific paradigm shift that produced revolutionary
technological breakthroughs, but the kind of incremental, vahliancing improvements
that occurred with regularity once the consunparadigm shift of microprocessor
adoption had taken hold.

Despite these monumental increases in capability, text remained the only viable
mode of online artistic expression until the dying days of the BBS era. This is because

while modems increased ispeed throughout the period, they still used the limited

149The obvious exception shown in the graph is the number of simultaneous colours that could be displayed

by graphics adapters, whose growth curve is flat between periatmtllily. This is because once-Bit

fit r ue c &6'brd677H216 passible murs) was developed, no further improvement was necessary for

the consumer market as the human eye is popularly viewed as only being capable of distinguishing between

ten million colours or so.

' ntel Corporation, fAMoor ads olneMechiniagSantal@a,l by | nt e
CA: Intel Corporation, 2009http://www.intel.com/technology/mooreslayaccessed May 7, 2009).
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frequency range of the acoustic channel of a telephone connection and this could only
move data at a maximum speed of 3.5 kilobytes per sécébriddeed, the decline of the

BBS is explained by the sjproportion between the rapid rate of overall improvement in
platform capability when compared with the relatively slow rate of improvement in the
speed of the networking technologies that were available to home users. While the
viability of the microcompter paradigm remained strong, the viability of the circuit
based, public switched telephone network as a data carrier did not. This introduced
inconsistencies in the thgmwevalent operating environment that provoked a new
consumer paradigm shiftthe retwork-access revolution symbolized by the Interinat

an attempt to overcome these limitations and produce greater market efficiencies through

the use of technology.

ASCII, Codepage 437 and ANSI.SYS: Foundations of the Form

When computing technologyrét achieved widespread adoption within business,
government and academia in the 1960s, it became necessary to develop a standard way of
encoding Latin characters in binary. This was provided by the American Standard Code
for Information Interchange (ASGQ] which was originally proposed by the American
National Standards Institute (ANSI) in 1963 and finalized in §68ASCII defined a
sevenbit scheme for representing the characters and control sequences required to
display text on digital systems andcéange text between them, providing 128) (2

integer values which contained everything from uppend lowercase letters to

51 Joseph L. Hammond, Krzystof Pawlikowski and John D. Spsagielecommunications: Protocols and
Design(Reading, MA: AddisonVesley Publishing Company, 1991):-36.

152 American National Standards Instituteformation SystemsCoded Character Sets7-Bit American
National Standard Code for Information Intbenge (7Bit ASCII)(Washington, DC: American National
Standards Institute, 1968).
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punctuation, mathematical operators, file and record separators, and spaces, tabs and
form-feed (new page) indicators. Sedaihbytes were used instead of the nstandard
eightbit byte as it represented the smallest number of bits that could hold the 95 printable
and 33 norprintable characters required to encapsulate all but the most esoteric texts
written in English. The standhwas adopted by the United States Federal Government
in a memo sent by President Lyndon Johnson to all federal department and agency heads
on March 11, 1968, stipulating a final adoption date of July 1, 286ASCII remains
one of the simplest means sioring text digitally, though pressure to support foreign
language encodings within a single character set led to the adoption of Unicode by the
late 19908>*

By the time IBM entered the personal computer market in 1981, microprocessors
and memory had ahdardized on the eigbit byte still in use today. This meant that
IBM had space within each standard byte to define an additional 128 printable or control
characters for use on its computers. IBM used these to produce proprietary extensions to
ASCII in the form of code pages that included supplementary characters for use in
foreignlanguage markets. Under the IBM DOS and-BISS operating systems,
Codepage 437 was the standard for the United States and other Hargiishge
markets; Codepage 858 prded Cyrillic characters in the extended ASCII range, while
Codepage 863 was used for Canadian French. Other codepages existed for Greek,

Arabic, Portuguese, Turkish, Hebrew, Icelandic, Thai, and the Baltic, Western European,

¥Lyndon B. Mehmorandusnd\pproving thadoption by the Federal Government of a Standard

Code for Information Interchanged i n John T. Wo |l TheAmeriean BresiBenecyh ar d Pet e
Project [online] (Santa Barbara, CA: 199Nttp://www.presidency.ucsb.edu/ws/index.php?pid=28724

(accessed May 7, 2009).

% julie D. Allen, ed.TheUnicode Standard, Version 5(Rlountain View, CA: The Unicode Consortium,

2009).
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and Central European langudgenilies (Lithuanian, Spanish and Czech, as examples of
each). A separate group of codepages provided typographic support for IBM PC
compatilbes sold in Asian markets. These whknated to Japanese, Korean and Chinese,
with the last requiring doubleyte character supportbits) from the operating system

to provide a truly usable set of logogratms.

Character chart showing both standard ASCIF6) and IBM Codepage 437 extended ASCII gly(8&
FF) in hexadecimal notation. Unicode equivalents appear beneath each ch@racter.

%% |nternational Business Maching@ode Page IdentifierAramonk, NY: International Business
Machines, n.d.)attp://www-01.ibm.com/software/globalization/cp/cp_cpgid.h{adcessed May 7, 2009).
Mi crosoft Devel oper 6MSDN @thricat ReferenfiB@diihd A\R\.7 Miasosaift n
Corporation, 2010http://msdn.microsoft.com/eas/goglobal/cc305156.asiaccessed May 7, 2009).
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IBM Text Mode Block Drawing Characters
Glyph Integer / Description

The historical quirk Hex
Value

responsible for the form of BB

176 / BO Light Shade

artwork was | B eci sion t o

include nine teximode block 177 /B1 Medium Shade

drawing characters in Codepage 4

178 /B2 Dark Shade
along with a host of other line, pip

and boxdrawing glyphs. Beause 219 /DB Full Block

English is written phonetically an

220/ DC Lower Block
has no accented characters or spe

punctuation marks, Codepage 4 221/ DD Left Half Block

contained the largest amount of fr

space that could be allocated to t 222/ DE Right Half Block

encoding of norstandard glyphs like
223/ DF Upper Block

the blockdrawing characters see

the right. Over fifty such glyph 254 | FE Black Square

appear in the standard. C IBM Text-mode drawing characters originally featutied

Codepage 437 and all other nArian codepages. CP43

used in most Englisepeaking countries, had the mc

extensive set of textiode drawing characters at over fift

i . The characters here aQuepre

of nine block characters in art giue mix 170/170/170), whit was the default on a
colour monitors.

however, was the fact that they

significance to the use of the subs

persisted with the samerdinal values across nearly all ndwsian IBM codepages,
meanng that an artwork that used these characters could be displayed on an {BM PC

compatible in use throughout most of the world. The same was not true of the line, pipe
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and boxdrawing glyphs.

A
B
C
F
G
G

w

Stone Angel [UNiON

Codepage 437 and ANSI.SYS defining the form of the interface: Main Menu from Stone Angel of art group

UNi ONb6s menu set for the Renegavheg 19988 pa&o Althowghr e |, re
most of the graphical portion of the design uses the standard CP437 block drawing glyphs, the horizontal

' ines that appear both below and at t h-drawisg de of
characters?®’

To add coloutto text, change the background colour, move the cursor around the
screen and use it to shade portions of the display, an additional interface layer was
needed. This came in the form of ANSIL.SYS, a device driver that shipped with the DOS
operating systenthat was the standard on Gmpatibles before its replacement by
various species of Microsoft Windows. Invoked when a computer first booted up,
ANSI.SYS implemented a partial set of the functions defined in the X3.64 text terminal
control standard origally proposed by the X3L2 Technical Committee on Codes and

Character Sets of the American National Standards Institite When enabled,

'St one Angel , fiRene @HANMap BS4LbbatioruUniienn:May, i99),
http://www.textfiles.com/artscene/artpacks/1994/0694.zip(accessed April 14, 2009).

K., Weatherington, Sdettéderes in Communicitiond, LEEE doufliéisue 2,
February, 1983): 26277. For the complete stdard, see Paul BourkANSI StandardX3.64)Control
Sequences For Video Terminals and Peripherals in Alphabetic Order by Mne{@oaidey, Australia:
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ANSI.SYS would translate scalled escape sequendestrings of characters formatted
according to the specificatidninto hardware commands that moved the cursor around
the screen and changed the foreground and background colours of text. Control
sequences consisted of ASCII escape character (decimal character #27, typically invisible
but rendered a§ on IBM PGcompatbles running DO followed by a left square
bracket [ ) and a sequence of alphanumeric characters that indicated the desired function
and the parameters that it required.

On PC

ch I_I_,f"L'L"".- DfL)

compatibles,
ANSI.SYS only
had to be loaded if
one wished to view (Batch U/L & D/L)

files containing

z for H-"Ip | ANMSI-EES | 14400 «M81 FDx 36
TeI|x a BBS dialler softwar¢hat was widely used between the late 19803 ¢
mid-1990s. The user is connected at 14,400 baud, is using colour ANSI teri
sequences from thiemulation as indicated in the status bar, and is downloading a file using
ZModem transfer protocdf’

computer console

ANSI escape

or command prompt. When dialling up a BBS, tkpatty communications applications
controlled the connection and interpreted ANSI codes dewn the line through their
own ANSI interpreters, a process known as terminal emulation. Dialler software also
typically implemented phone book, screen capture and logging functionality and the suite

of various protocols required to transfer binary filedween systems. As with most

University of Western Australia, March 1988jtp://local.wasp.uwa.edu.au/~pbourke/dataformats/ascii/
(accessed April 14, 2009).

%9 DeltaComm Development Inclelix Version 3.51Raleigh, NC: May 1, 1996),
http://www.telix.com/ftp/telix/telix351.zijaccessed November 5, 2009).

105


http://local.wasp.uwa.edu.au/~pbourke/dataformats/ascii/
http://www.telix.com/ftp/telix/telix351.zip

software used on the IBM PC, these programs operated in text mode at the standard

80x25 or 80x50 resolution, and drew their interface with the same Codepage 437 drawing

characters used in BBS art.

Common ANSI.SYS Control Sequences

Sequence Parameters Function

Example
Y[ 1;37; 44n
X Set foreground / _ ,
Y [Py ...PiM P: integer, 647 background colours Sethlghlnten5|ty (bold) text,
and text attributes | WA ETRIY ol

blue background

Prow integer, 125/50 Y [20:4H

Y [Prow; PcoH Set cursor position

Move cursor to 28 row, 4"
column on screen

Pcor integer, 180

. YI5A
Y [P,A P: integer, # rows Move cursor up )
Move cursor up five rows
o _ Y [22B
Y [P.B P: integer, # rows Move cursor down
Move cursor down 22 rows

o . Y [14c
Y [P,.C P: integer, # columns Move cursor left

Move cursor left 14 columns
N Y [9D
Y [P.D P: integer, # columns | Move cursor right ]

Move cursor right 9 columns
Y [23 None Clear Display Y [2J

Complex Example:ANSI-Interpreted Text ANl s chl:)l;:)arliggg)(vmble i B,

v[0;1m AY[omNEY[0;1;30m [Y[0;1m [EY[Om
Y[0;1;30m

Y[0;1m QY[0;1;31m [gv[0;3
ANS: By: Th Necr ncer [iCE 1 V[O;lm [0;1;33m E\?[O;l;Blm ?[0;
ANSi By: The Necromanc3 Y[0;1;31m Y[0:1;:33m [§Y[0:1m
(from ACILlI Code ][0 adv]|Y[0;1;30m [J§¥[0;:1m [§Y[0;1;36m EV[O;semT
¥[0;1;30m vi0;1m JviomEvio;1;30m §

Without the interpretation provided by either ANSL.SYS or terminal emulation,
BBS artwork would have appeared as scarcelyprehensible gibberish, a combination

of unprintable control characters, square brackets, semicolons, and extended ASCII

blocks. Oher means of sending coloured text down the line existed in the form of

competing screen protocols, fromthe-¥Ter i es used on Digital Eq
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mainframeoriented terminals to the Advanced Video Attribute Terminal Assembler and
Re-creator (AATAR), a standard defined by the FidoNet Technology Committee, but

these did not gain traction because they were either directed at the corporate market or
introduced later than ANSF® Few could effectively compete with the level of operating

system andlialler program support for ANSI, which had been in existence since 1982.

So complete was ANSindids colduo graphies tdispbap onoPC  t e x t
compatibles that the term AANSIO still st a
Other microcompter platforms that lacked the bledkawing shapes of Codepage 437
developed their own forms of BBS artwork, but these tended towards the use-of non
extended ASCII characters (ASClIs instead of ANSIs) to ensure compatibility between

competing platforms.

Sixteen Glorious Colours

The IBM PC, PCcompatible siblings and their descendants did not typically ship
with integrated graphics adapters. Instead, the purchaser was given the choice between
one of two graphics car ds islots thaMdneltome n one
Display Adapter, which took 80x25 twaplor text mode as its default, or the Colour
Graphics Adapter at 40x25 or 80x25 in-ddlour text modé® 16-colour 80x25
resolution remained the text mode standard even after the developmeGirpVGA
and SVGA, with inteigenerational enhancements providing improved -négolution

graphics modes while leaving text mode unchanged. Text mode included eight per

%0 George A. StanislahVATAR: Advanced Video Attribute Terminal Assembler and Reci@ittsburgh,
PA: Fidonet Technical Standards Committee, August 23, 1888)//www.ftsc.org/docs/fs€025.001
(accessed December 4, 2009).

%1 |nternational Business Machindzess Release: Personal Computer Announced by(Ne York:
August 12, 1981), http://www-03.ibm.com/ibm/history/documents/pdf/pcpress.faécessed July 2,
2010).
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character background colours which replicated the first eight foreground colours.

While the video memory of early colour graphics 16-Colour IBM PC / ANSI Palette

Colour

cards allowed for full 1&€olour backgrounding,

this could only be accomplished by the no

standard practice of disabling the single bit

each printed character that svalevoted to the)

iblinko t &%tAl eatdd, rwhdshar

monochrome or not, were capable of render

colourized ANSI graphics and processing t

hardware commands invoked through AN

escape sequences, as monochrome adapters

changes in intengsitor additional text accents likg

underlines to identify specific colours on twq

colour displays.

The chroma, hue and intensity of the

colours changed little across subsequsg

Name RGB /ANSI
Notation

0,0,0

Black 9[0:30 m
Blue 0,0,170
Y[0;34 m

0,170,0

Green v[0:32 m
0,170,170

Cyan [0;36 m
170,0,0

Red Y[0;31 m
Magenta 170,0,170
Y[0;35 m

iYel |l o 170,85,0
(Brown) ¥[0;33 m
Gray 170,170,170
Y[0;37 m

High-Intensity 85,85,85
Black Y[1;30 m
High-Intensity 85,85,255
Blue Y[1;34 m
High-Intensity 85,255,85
Green Y[1;32 m
High-Intensity | 85,255,255
Cyan Y[1;36 m
High-Intensity 255,85,85
Red Y[1;31 m
High-Intensity | 255,85,255
Magenta Y[1;35 m
255,255,85

Yellow Y[1:33 m
. 255,255,255
White Y[1;37 m

generations of graphics cards, though

first eight

function.

which displayed Codepage 437 identically. As s

demonstrated Yo the example that appears beJowhich was created using software

%23 0 h n  EGolour Graphics Adapter: Not@s J ah n

t The palette shown here represents the

range of textmode colours that could b
. used on IBM P&ompatibles. The eigh
sharpness of the character rendgriim CGA was packground colours were the same as
lowintensity

less than that of EGA, VGA or SVGA, all o colours. These were set by passing inte
values betwen 40 and 47 to the ANSNh

foreground

El | i o tUnited Kingadom:e p a g e

December 6, 2006http://www.seasip.info/VintagePC/cga.httalccessed May 5, 2009); an excellent

hardware reference to the
PC)0 Jaohn EI | i o tUnited Kingadom Appil8,2@08),
http://www.seasip.info/VintagePC/5271 .ht(accessed May 5, 2009).
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emulation of CGA and VGA hardware, CGA text mode was noticeably blockier. This is

[H3
i

Il . Il NN | |
"We Pledge Alleginace to the Het"

- = . = Em =
"We Pledge Alleginace to the Net™

iAll egianced | ogo, drawn by MagTopu kogofas it would Have 6 s
appeared on 16olor 80x25 CGA hardwareBottom: Logo as it would have appeared onrckdor 80x25
VGA hardware'®®

because CGA ReGreenBlue-Intensity (RGBI) monitors used naguare pixels at a

lower dot pitch (pixels per millime#) than subsequent displays, resulting in- per

BMagus, @Al |l edGE@Lmduetions Pebreary, 1994 i€EPadkocation Unknown: iCE
Productions, May, 184), http://www.textfiles.com/artscenel/ice/icepacks/19948465.zip(accessed June
7, 2009).
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character aspect ratio distortioi8. Whet her
AAl |l egi ance0 IiBBBogeeFidandstyle r t i

message network between BB

Al |l egi nace [ si c] t o t heubleN
entendreby speaking to loyalty to both the system / netwask
a technological installation and the alterity between-Irésl
and digital representations of identity that it enabled.

The images presented here show coloured, -hi
contrast text displayed against a black background. This
the default display mad for all IBM PGcompatibles and
nearly all microcomputers, the Commodore 64 standing as
of the few exception®® As cathode rajube monitors were
the only available display technology, this meant that AN
were backlit, phosphorescent pictures inaliheach individual
character was strongly illuminated: the sixteen golpalette
piercingly attractedhe eye when juxtaposed against the p

black contrast of the CRT. Modern liquid crystal (LCIg #f off M- $-F g

displays boast contrast ratios between 700:1 and 800qQ, HKaoz o drawn

i CEOs Novemb e
on highend equipment, but their method of painting individyglck. The work, which is
184 lines long, has beer
scaled down to fit on the
page165
Raymond Chen, @AMy Li fTeeOddNevhing{lsjog)alure 25( ®10x el ) , 0 i n
http://blogs.msdn.com/b/oldnewthing/archive/2010/06/25/10029898(asp&ssed July 6, 2010).
Ky p, f KigsProductionsMovember, 1996 iCEP4tkcation Unknown: iCE Productions,
November, 1996) http://www.textfiles.com/artscene/ice/icepacks/1996/ice9611 garigessed June 4,
20009).
1% Commodore Business MachinesfCommodore 64 User 6s Gui de, Chapter
Graphic CommandgNew York: Howard W. Sams & Co., 1982),
http://www.commodorga/manuals/c64 users_guide/afers guid®5
advanced_color_graphic_commands (atfcessed May 7, 2009).
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pixels works by sending white light through polarizing filters to produce cbibur.
ABl ackod is thus the pr oduct-actvhtedfbackgtoend,i ng r
a fact thatexplains why CRT contrast ratios are theoretically infinite when they are not
affected by glare introduced by ambient li§#t.When viewed in a darkened room, CRT
black looksblack under the same conditions, LCDs display white bledugh and
edgeillumination artefacts, and the trueness of their colour rendition is always worse.
Finally, CRT refresh rates are better than those of the best LCDs as the entire screen is
continuously repainted at 60 hertz or more. LCDs take between two and 32 millsecond
to trigger individual pixels, and the size difference between a stream of electrons striking
a grilled phosphor target and that of a larger, crystal molecule makes LCD pixels larger
and blockier:®®

The effect of all of this was to make the viewing of Asl&iore captivating and
immersive than other graphic formats. To this is added another factor unique to the
presentation of ANSIs on bulletin board systems, namely the fact that BBSes were
viewed in blackbackgrounded terminal software that lacked the uderface gumdrops
typical of modern windowed operating systems. Modern operating systems capture the
foreign within the framework of the familiar by displaying information withire
common borders of individual windows; when one cots&z an Internesite, one views
it within a display paradigm that imposes local order on remote data by presenting it

through the viewport of an applicationos

%¥"George Ou, fiHow LCD Makers | nRéabWord IThlog, Decen®ernt r ast
23, 2007 http://www.zdnet.com/blog/ou/hoved-makersinflate-their-contrastratio-scores/93%accessed

May 7, 2009).

HAEl ement s of PHDTM TasiUnite@Kirgdom:tHRTVdest, 2007),
http://www.hdtvtest.co.uk/Article/ElemenBf-Picture Quality.php(accessed May 8, 2009).

¥Tomi Engdahl, AVGA t o WePanoramamétHelsimki: éRanarantaoet, FAQ, 0 i n
2007),http://www.epanorama.net/documents/vga2rgb/interfacing.(@odessed May 8, 2009).
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everything in thehere the data used to display a page might be frogwhere in the
world, but it is always filtered through local visual conventions. In contrast, when one
connected to a BBS its interface filled the screen out to the edges of the monitor and left
unt ouched onl y t helindsatusbartalzelbottsnoof thewdsplag. As o n e
BBS was viewed in the unfamiliginere,the null space of the connection, with the user
being drawn in to a system rather than ha
always contained local inflections. Systemsfitdatl with a unique array of ANSI
artwork, which was common signifier of elite status within the pirate community, were
worlds unto themselveés secretsubrosasocieties that unified form and system outside
the boundaries of the familiar.

The sixteen dours and nine drawing characters detailed above were fixed,
technological constraints within which all AN&tt had to be drawn The Allegiance
logo uses only white, gray, levand highintensity cyan and hightensity black; Stone
Angel 0s R e nse(spa f.B¥)4 useetimeusame limited color set to produce a
markedly different artwork. Thus far, many of the artworks showcased here have been
smaller than the 25 or 50 rows that were the length limit of text mode, but even early
ANSIs frequently exceeddte vertical limit of the screen. Images longer than the screen
length were shown not by altering their scale, a feat that was impossible without
redrawing them in graphics mode, but instead by scrolling the images vertically. As a
new line appeared abé bottom of the display, the top line would be deleted and all the

rows would be shifted upwards by one in order to draw the new data.
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In addition, these images were not drawn all at
once; instead, individual characters were drawnteeft
right as the file was read
sent down the telephone line at whatever speed governed
the canection between the twaomputers. An
equivalent effect is familiar to all those who have used a
typewriter or seen an old datatrix printer in action:
text is written leftto-right and topto-bottom, with each
new line appearing beneath the last asclduias the
hardware allows. One would thus see an ANSirsavn
on a lineby-line basis every time it was viewed on a
BBS, and one could not know the final content of an
artwork until all of it had scrolled down the screen. In
their natural environmentlonger artworks were thus
displayed as a series of constantly shifting 80 by 25 or 80
by 50 snapshots, a mode of display far from thell
once instantaneousness of images hung in a gallery. The
eye of the viewer adhered to the movement of the
blinking cursor, resulting in a linby-line construction of

imagistic sentiment more akin to the reading of poetry

iConfusion, 0 dr than traditional means of viewing visual art.
for ACi Db6s May,

Original size: 80 x 149 line<?

"Gangstar, AACDnTheAcquisiton, Mayi 189 ocation Unknown: ACID Produions,
May, 1995) http://www.textfiles.com/artscene/acid/ARTPACKS/1995/acdu059%atpessed June 4,
20009).
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Commoditized Hardware and the Open Market: Drivers of Technological
Development

As detailed in previous <chapters, t he
microcomputer market was as much the product of inadvertence as it was a function of
| BM6s maemikende infpusiaess computing. To make up for its late entry into the
market, design shortcuts in the form of the use of commerciathef§helf components
allowed other companies to copy the PC platform and createciBivpatible personal
computers that eventually accounted for the vast majority of systems sold. IBM also
soudht to capture the spirit of hobbyist and thpdrty microcomputer innovation by
building its system around a standard, vagltumented interface, the ISA bus, which
allowed other companies to design peripherals and expansion boards for the platform.
Like Apple and Commodore, every IBM PC shipped with a detailed technical reference
manual that explained the quirks of the architecture to encourage its adoption by third
party peripheral and software developers.

This thirdparty market was the motive forbehind the exponential increases in
PC-compatible capability between the emergence of the platform in 1980 and 1996, the
end of the period under study. These improvements touched everything from processor
speed and memory capacity to the resolution amality of graphics that could be
displayed on the screen. With an open architecture buttressed by manufacturers adhering
to backwardssompatibility as a matter of market necessity, tpedty developers were
free to push and even exceed what were pexdeio be the upper limits of the platform,

a fact that explains why many personal computers in use today still use the same family
of processors, instruction sets and types of interconnects that originally appeared on the

IBM PC. As with everything els&NSI artwork was equally affected by these changes:
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designs become longer, more detailed and more complex as enhanced graphics and what
were then considered higipeed modems came to define the minimum capabilities of

PCG-compatibles then in use.

Text Mode, VGA and Drawing Programs

| BM6s attempt to recapture the personal
the clones took the form of the Personal System/2 (PS/2), introduced irt’198®ng
with the ill-fated Microchannel Architecture, which repregedt | BM6s att empt t
the peripherals market by introducing a new, pagsctusive, unlicensable interconnect
designed to supersede | SA, the PS/ 2 sporte
subsystent/? The VGA adapter was capable of graphics enaesolutions of 320 by 200
pixels with 256 simultaneous colours or 640 by 480 pixels and sixteen colours. The 3%
inch floppy disk drive made its appearance as a-bu#tandard component and many
PS/2 systems eventually shipped with internal hard slriteough early models still
worked primarily from floppy disks due to their comparatively modest cost. The two
button, relatively urergonomic PS/2 mouse was also standard equipment, a design
decision that spoke to the increased prevalence of both gahpkser environments
(GUIs) and text mode applications that used pointing devices. As VGA represented the
last time IBM set a display standard that thpattty manufacturers of graphics adapters
adhered to, 640 by 480 graphics mode remains the basiti@soof all personal

computer graphics adapters to this day, much as thginl®-sub VGA connector

I'nternational Business Machi Resst APUBWAMD®Ed ud Ref er
(Aramonk, NY: n.d.) http://www-03.ibm.com/ibm/history/exhibits/pc25/pc25_tenyears.t{antessed

May 8, 2009).

Charles M. KE€himenek, Afibhctt ecTthaRCauidéBEGMptonPMT:s , 0 i n

The PC Guide, 2001http://www.pcguide.com/ref/mbsys/buses/types/olderMEWmI (accessed May 8,

20009).
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remained the standard R&monitor interconnect until its recent displacement by DVI
and HDMI. More important to ANSI art, however, was the fact thatdlér 80 by 25

character text mode continued to act as therkswlution standard on VGA systems.

The significance of Score. 8 of 218 B:-08a:-13 Sound . on

the PS/2 lies in its use in

identifying the hardware 777 The lone mountain rises from
] the forests of Llewdor to this

cloud-encircled peak. Here i1is
standards to which 1BM PC |

the sombey house of Hanannan, o
where you and he reside. |||"|

clones were expected (¢ i1
l:::.-l__
[l ks k. Y

adhere by 1990992
especially with respect to
graphics capabilities. As
with everything else IBM,
hardware manufacturery
like Trident, S3, Oak
Technologis, Paradise (a

division of Western Digital)

and Cirrus Logic qulCkIyTop:ﬁ Kingbés Quest 111: To Heir i

OntLine and running in 320x200 fowolour CGA. Dithering is used

introduced their own VGA to provide the appearance of extra colours, but at the expens
perceived sharpness.

; ; ottom: AKi ngds Quest e¥: tAles ethecaer t

compatible - graphics Cardfgeleased in 1990 by Sierra @ine and déplaying vastly improved

. 640x400 256-colour VGA graphics. The monochrome icon at tl

to compete in the clon& entre of the i mage i s iven ugo

interface!”

market IBM had sought to eliminate with the PS/2. These plugged into the Industry

WKatKi nigos Quest | | |SieGaPaee(AdthsonnTXaSieea, Péanet, md.),
http://www.sierraplanet.com/kingsquest3/index.hfrd c c essed June 12, 2009) ; Kat
Ma i n p a @ierra @lanefAddison, TX: Sierra Planet, n.d.),
http://www.sierraplanet.com/kingsquest5/index.hfadcessed June 12, 2009).
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Standard Architecture (ISA)Ias found on all P&ompatibles, continuing the
established tradition of allowing PC users to incrementally upgrade their systems using
inexpensive, modular components. By 1992, the beginning of the golden age of ANSI
art, VGA was standard on nearly albmputers. VGA adoption was driven by the
prevalence of the Microsoft Windows GUI, which achieved maturity when version 3.0
was released on 1990, as well as the fact that by the same year all most games had
adopted 25&olour VGA mode as their standard okgion!’* Regardless, what few

older systems still used CGA or EGA were just as capable of viewing ANSIs at their
native resolution and colour depth.

The use of ANSIL.SYS or terminal emulation to convert coded text into coloured
characters megnmnt arhatorfkdr ammnual ly as raw
ANSI editing software allowed artists to work by painting characters on the screen with
the keyboard and mouse and then outputting the created artwork as an ANSI. TheDraw,
written by lan Dais in 1986, was the application most frequently used for this purpose,
but it carried with it a significant technical limitation: the maximum canvas size it
allowed was 80 by 50 charactéfs. Beginning in 1993, art groups like ACID, iCE and
others releasedheir own drawing applications (predictably named ACiDDraw and
iICEDraw) which permitted the creation of artworks up to 1,000 lines in length. This
second generation of editing software, which was complemented by equivalent ANSI

viewing applications, tooladvantage of the prevalence of VGA to allow users to view

Microsoft Corporati on, HifWionipdows Hisbhe(RekimoodgWAR r oduct s

Microsoft Corporation, June 30, 2008}tp://www.microsoft.com/windows/winhistorydesktop.mspx
(accessed June 12, 2009).

5 1an Davis, TheDraw \ersion 4.63Fremont, CA: TheSoft Programming Services, October 18, 1993),
http://www.simtel.net/product/view/id/4963accessed November 5, 2008).
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and create artworks in its standard 320 by 200 or 640 by 480 graphics Hfo@asce

unofficial third-party extensions to the VGA standard resulted in Super Video Graphics

Array (SVGA) adapters

entering the market, W | Il-_.-'ll.-:l

artworks could be drawn ]

and displayed in resolutions
as high as 1024 by 76¢
pixels. Artists were free to
create images far longe R o N
than they had previously
been able; users were give
a new way to view BBS art,
one which transformed text
mode characters intc Sy

graphicsmode pixels.

These programs als

op.AThe Badlands, 0 drawn by 1In
_artpack. The picture is being edited in text mode in TheDraw, so «
allowed users to bi the first 25 lines are visible. The user could scroll the cursor dow
the preseimaximum of 50 lines, but editing beyond that length w
directionally scroll throughimpossible.
Bottom: The same artwork as seen
graphics mode, which the art:i
possi bl ed) is how it s houl dandb
perspective are far more obvious when the image is shown in

keys on the keyboardresolution:”

artworks using the arrov

freeing them from the unidirectional tap-bottom scrolling that was faxed limit of the

178 Sinned Soul and Skull LeadéxCiDDraw Version 12 (Location Unknown: ACIiD Productions, August
1, 1995) ftp://archives.thebbs.org/ansi_utilities/adraw120(a@pcessed November 5, 2008).

Yl nner Vi sion, ACDHkeABaisitibraJulg, $99®nkriown Location: ACID
Productions, July, 1995http://www.textfiles.com/artscene/acid/ARTPACKS/1995/acdu0795.zip
(accessed June 4, 2009).
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i Neo T drawnhdy
Somms for
October, 1994 artpack
Original size: 80 x 202
lines!’®

BBS.

None of this software would have been created absent a
pressing reason for art groups do so. It is notable that
enhanced drawing programs like ACiDDraw oafypeared once
the formation of art groups within the BBS scene had matured to
the point that the sophistication of artworks, themselves the
product of intergroup rivalry and comggion for status within
the scene, pushed up against the limitations of earlier editing
software like TheDraw. Given that the technological substrate
that permitted this form of expression was only enhanced by the
advent of technologies like VGA rathdran eclipsed by it for
the rise of VGA and the adoption of the computer mouse allowed
the creation of higitesolution bitmapped images as wieit is a
mistake to attribute developments in the form to the adoption of
new technology alone. Much like tlevelopment of the PC
market itself, ANSI creation was a combined teckooial
phenomenon: while platform defines the flexible limit of what
can be done with available computing resources, its use as an
explanation ofwhy it was done is restricted to axposition of
why it happened to be done in this way.

This relationship is illustrated by the operation of another

sonms, fANeo

ATIiD:KTredAcqaisitionn October, 199kocation Unknown: ACID

Productions, October, 1994jttp://www.textfiles.com/artscene/acid/ARTPACKS/1994/acdul094.zip

(accessed June 4, 2009).
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oft-referenced platform constraint, namely that until the emergence of the Internet as the
preferred consumer network, both ANSIs and BB®¢simed their vitality. They did so
because they remained the most efficient, economical, and readily accessible means of
allowing users to organize themselves into communities that provided place, meaning,
identity and power to those who participatedtiem. From the perspective of the
mar ket , this is not a fAprobl emo whose
improvements in the production of goods or the enhancement of Vafyete the
opposite, in fact, given that underground BBSes were inoubéor all kinds of illegal
activity i but only the most dismal of liberal economists would hold that human beings
are mere automatons of efficiencyhat creative expression takes a virtually unlimited
number of forms and permutations ultimately den@aes the subjectivity of value and
advantageseeking behaviounvherethe cultural constraints insert themsehmgween

what is sought and how it is acquired.

Modems and Networks

Throughout the period under study, the analog modem remained the pradbmin
I indeed, only i consumemgrade means of information interchange between
microcomputer systems, and the circhaised telephone network used by modems
continued to act as the network of choice. As with all personal computer peripherals,
modems incre&sl in capability while dropping in price throughout the 1980s and 1990s.
A 300 baud modem, which could transfer data at the glacial pace of 37.5bieight
characters per second, cost several hundred dollars in the early 1980s; a 33,600 baud

modem that cdd move approximately four kilobytes of data per second cost roughly
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$250 in 1995."° In 2010, these devices can be had for $20 or less, but this price is more
reflective of the obsolescence of the technology rather than any great improvement in the
efficiency of modem manufacturing techniques. In contrast, most contemporary
consumer Internet connections use either Asynchronous Digital Subscriber Line (ADSL)
or cable television networking technologies, connect to computers through Ethernet
network adaptersather than modems, and employ the full frequency range of their
physical transport media to deliver data at speeds between 256 kilobits (32 kilobytes) and
five megabits (650 kilobytes) per secdfit. They are also connectidrased rather than
circuit-based meaning that the limit on the number of simultaneous connections they can
carry is defined by their overall bandwi dt
available to them.

Unsurprisingly, the jump between the 300/1200/2400 baud modems of8@s 19
and their 9600 to 33,600 baud siblings in the 1990s was encouraged by the widespread
adoption of another technology that originally appeared on the IBM PS/2. This was the
16550 Firstin FirstOut (FIFO) Universal Asynchronous Receiver and Transmitter
(UART). Like many components used by IBM in its designs, this was manufactured by
National Semiconductor Corporation, a third pafty.It replaced the earlier 8250 and
16450 UARTSs, chips designed to control communications between an attached serial

device like a modem and the microprocessor brains of personal computer systems. 8250

"USRobotics, fAHistory WSRobtliSsEEdubatiafScharaburly) tLdUSRobatias, i n
2010),http://www.usr.com/education/modem3.4apcessed May 14, 2010).

180 American National Standards InstitueNSI T1.4131998: Network and Customer Installation

Interfacesi Asymmetric Digital Subscribérine (ADSL) Metallic InterfacéNashington, DC: American

National Standards Institute, 1998); CableLa®CSIS: Specificatia(Louisville, CO: Cable Television
Laboratories Inc., 2010http://www.cablelabs.com/cablemodem/specifications/index.{dodessed May

14, 2010).

181 National Semiconductor Corpation,PC16550D Universal Asynchronous Receiver/Transmitter with
FIFOs (Santa Clara, CA: National Semiconductor Corporation, June, 1995),
http://www.national.com/ds/PC/PC16550D.jdtcessed June 13009).
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and 16450 UARTs could only;

control serial connectiong to a

maximum of approximately 96008k - R R
baud. At higher speeds, th
controllers attached to the port
modems used would begin
lose characters sent down t
. e
line, a consequence of the smallj
buffers they used to hold data
prior totransmitting it®* 16550
UARTs were backwards
compatible with software written
for their predecessors, and the
widespread adoption of the
technology raised the theoretica
i i 619.485.6741
speed limit of modem
connections to 115,200 baud.
This was well beyond the
maximumspeed that could be
AHuma drawn by Lord Jazz fo
sustained using standard analogrhe face of the figure drawn, a character from a popular serie

fantasy novels, was used as the detail image that appears
beginning of this chaptéf?

B ord Jazz,ACDfiTHuActmisitivn, Oatober, 19¢4ocation Unknown: ACID Productions,
October, 1994) http://www.textfiles.com/artscene/acid/ARTPACKS#dacdul094.zifaccessed June 2,
2009).

BErank Durda, fiSer i ateeBSh DocuthénRiiofBdulder,CO:iTlaelFreeBSD n
Foundation, 1996http://www.freebsd.org/doc/en/articles/setimlrt/ (accessed June 13, 2009).

122


http://www.textfiles.com/artscene/acid/ARTPACKS/1994/acdu1094.zip
http://www.freebsd.org/doc/en/articles/serial-uart/

telephone service, a fact that made the 16550 aiofelifé technology that was eclipsed
by the adoption of the Internet.

Although they were the best availalWlensumercommunications technology of
ther day, modems were never the most efficient means of transmitting data over the
tel ephone networ k. ATel ephone serviceo r
describes a narrow, acoustic frequency band between zero and four kilohertz suitable for
the transmission of conversatidf: For consumers, public telephone networks were
initially designed to deliver audible communicatiohsand nothing else. While the
overall frequency band that can be carried by a twiggedtelephone line is between
zero ad 1.1 megahertz, a range some 275 times larger than that of the voice channel,
analog modems had to make do with translating microcompatese digital data into
sound waves and sending it up the line as if it was just another species of voice traffic.
Great variations in the quality of circuits provided by telephone companies limited speeds
to less than the overall carrying capacity of the line, a fact unnoticed by voice users as
natural language is less bandwidtitensive than the sending of data dnunan beings
are better able to detect and correct errors in speech than computers are at correcting
errors in a stream of data. Speeds close to the theoretical limit of analog modem
technology were reached in 1994, with the International Telecommunicati Uni on 0 s
adoption of the V.34 modem standard, and as further improvements required widespread
upgrades which would offer only incremental improvements to a moribund analog

technology, telecom providers instead focused their efforts on rolling out digital

BCisco Systems, fDe GatewayPgtocaléSan Franciscdod.Ac Eisco Systams,
February 12, 2007),

http://www.cisco.com/en/US/tech/tk1077/technologies_tech note09186a00800a70k&skeanted June
14, 2009).
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subscriber line equipment designed to offer ksglked access to the Interff&t.

For nearly twenty years, however, the BBS and the analog modem were king, and
for between six and ten of those years ANSI artwork prevailed as the predominant form
of online atistic expression. It remained so in spite of the fact that modem speeds only
increased by a factor of one hundred while RAM, storage capacity and processor speeds
exhibited much stronger rates of improvement. This was because even the largest
artworks,l i k e Sxtraontmarily deiled Neo Tokyo piece (see p.314ill clocked
in at fewer than forty kilobytes in size. Even though ANSI was a relatively inefficient
display protocol, with a ratio of at least three characters sent for every colouradiehar
that was printed on the screen, a-#0@ graphic could still be transmitted via telephone
in ten seconds or less. In addition, the fact that longer artworks scrolled off the end of the
screen meant that the display was always full and never isihes wid not feel the wait
time borne of limited transmission speeds as readily as they were constantly entertained,
and where the incorporation of extensive artworks in the interface of a BBS produced
irritation, users could always abort their display finessing the spacebar or disable
extended menus in favour of the hotkey i ven A Xpert Mode. 0O Thi
appeared ilChristes e n6s CBBS, suppressed the display
prompts at which users would type commandsist@m, quality ANSI art was in some
respects an extravagance, one whose principal worth lay in its ability to signal the status

of a system within the digital underground to its callers. The real reason why users called

185 |nternational Telecommunications Unidn9a A digital modem and analogue modem pair for use on
the Pultic Switched Telephone Network (PSTN) at data signalling rates of up to 56 000 bit/s downstream
and up to 33 600 bit/s upstregi@eneva: International Telecommunication Union, September, 1998),
http://www.itu.int/rec/dologin_pub.asp?lang=e&idREGV.90-199809I!'PDF-E&type=items(accessed
June 14, 2010); International Telecommunication Unit®2: Enhancements to Recommendation V.90
(Geneva: Internationdlelecommunication Union, November, 2000),
http://www.itu.int/rec/dologin_pub.asp?lang=e&idREGV.92-2000111!'PDF-E&type=items(accessed
June 14, 2010).
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bulletin boards was not to gawk #te menu graphics, but
instead to exchange information with other members of the
system. All that they needed to see, from message listings to
file descriptors, was sent down the line in rapiotgnsmitted
bare text. This permitted the medium to retgsnviability in

spite of the slow pace of improvements in modem speed and
the hard upper limit against whichethechnology pressed by

the late1990s.

Sought Goods and the Speed of Data

Where the limitations of analog modems and the BBS
were most keenly felt wasohin the speed of their interface,
which was always adequate, but instead their ability to
efficiently distribute binary files and serve multiple users.
Here two problems of scale presshthemselves. First, since
linear increases in the speed of modewere outstripped by
exponential improvements in platform capability and
application size, modems gradually became the major

Fantasythemed BBS menubottleneck in the networked dissemination of software. They
art for WAThe

drawn by Tet e o
March, 1997 artapack. eacivorked well when the average application was smaller than,

individual is 25 lines or _ )
fewer. 1% say, ten megabytes in size, as that much data could be

transmitted over a fast modem connection in two hours or less. Once new applications

Tetanus, fAThe Twi | iCHRPraductiorseViarchMI®9Y iCERagkocation i n
Unknown: iCE Productions, March, 1997),
http://www.textfiles.com/artscene/ice/icepaldi@d7/ice9703a.zifaccessed June 6, 2009).
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