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Chapter 1 

Introduction: Softwarily 

s"nwarily: "in a \'oa)' pcrtaming 10 ~\lh";Jrc" 

Raymond. rill' ,\(,II' IIml..er'I DidiOlUIrI. 1996. 

417. 

Stlfl'Aate. A £cneric term for tho'>C l'()mJlOnl!nl~ 01 a nlmputcr ')~ICrn thai are 

lnt;,ngihle rather than ph),i!: .. !. II j, mO~1 commonl) u..cd to refer 10 thc progr.l.Ill'1 

C~utco.l b) a t:omputcr \)'iCm a\ dl\Um;1 Imm lhc ph)'icaJ hal\hl.arc of that 

.. nmpmcr '),ICIII. and 10 cncompa\\ hOlh 'ymholic amj c,cculablc form, for ~uch 
pwgranl,_1 

Thi\ book explores software as a .. ocia] object and proce ..... It examines some 
tllthe ,ocia] relation,> that obtain in the neighborhood of "on ware. Why 
'nlt~are ') There lIrc many reason .. to try to unclcr .. tand what .. oft ware i ... and 
"hat it tloes. These might include significant software-related event,;, 
eClinomic importance. relevance to ~ciel1tific "nowledge,> and contemporary 
h..'Chnologie'>, indispensability 10 military, government. education. health and 
con~men.:ial institutions, the intricate and often striking transformation .. of 
audlm i\ual e t· . d . . 
h' . n ertallllllcnt. III u"lnal production and an. The mam rea,>on. 
O\\e\cr, I .. that software embodie .. a mixture of mutability. contingency and 
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nect!>;sil) symplOlllatic of recent time. . 
In the Iiollywood film Sward fiJI! (Sena "}{)Ol). the central character II, a 

brilliant down-and-oul hacker. Stan Jobson. Divorced, having 10-., cU'>lody of 
hi.., daughter .• lOtI paroled from an American federal pri..,on on cond ition that 
he touch.., no computer for five year .... SIan is brought face 10 face with Ihe 
cnigmalic and chari .. matic Gabriel Shear in a Los Angel!.! ... nightclub. At 
gunpoint. he is given a laptop computer and .. ixlY ..,ccond.., 10 crac~ a 
computer .. ecurity "y..,tclll. A .. the countdown near" lero. Sian. w'Orkmg 
furiou~ly. achieves the practically impossible and accc .... cs the "'y'>lem. 
lmprc..,.~cd. Gabriel offer ... Stan the money he needs to reopen a cU<,lody baltic 
for his daughter. Thi<, <,cene from carly in Ihe rilm .. how ..... oftware a<, hard, 
obdurate and unyielding for .. ome people. but pla<,lic and Imilleable for 

olher ... 
Borrowing a concept from physics, we could say that ... oftware undergoes 

pha<,e tran ... ition-.. or change .. of state. It .. olidiries at <,o~e poinh. ~ut 
vapori/e<, at other~, Thi .. Illutability perhap ... explains why ..,oltw(lre rernalllS 
<,urpri .. ingly peripheral in Illany academic and nonacademic a~coU1~t~ of new 
Illedia. digit:11 cu lture.." virt ual community, network Identltlcs and 
communicative mobilitie ... that ha\c cmerged in the 1990 ... Softwarc· ... fringe 
cxi .. tence .. cem<, to corroborate the commonsense notion that it is 
"intangible" rather th.1I1 physical, that it is something morc like a social 
convention or rule limn machine-thing. The characteri .. tic .. of .. oft ware a<, a 
materi .. 1 objec!. a .. a mean-. of production. a .. a human-technical hy~rid, as 
medium of communication. a\ terrain of political-economic conte .. tallon· · to 

.. hort a .... ocial it> - .. eem hard 10 repre<,enl. Software a .. a material with 
"peciricitie<, ... ingularitic<.. trait<, and modes ~f e)(istence hOI .. been. di .. placed 
by .. oftwarc as mundane application, a<, inlra .. tructural eit!l1lent III a ", I dc,~ 
... ocial or technological change (the information revolulion. "digital culture. 
"new media:' "network .. ociety" or "convergence"). 

Code: Transforming symbolic forms 

The term "software" dc<.ignate<, a multidimensional and mutating object of 
analy<.,i .. , It encomp:l .. scs different practices of production. con"u~llpti?l1. u~k 
circulation anu identity. Through analyses of software. I argue 111 thl" ~)( J 
that what .. oft ware doc .. and how it performs, circulate ... change .. ,In J 
\ol idific .. cannot be lInden,tood apart from its con .. tilUtion through an 
through a .. code. Code. e\'t!11 derined in the minimali .. t technical .. en .. C a~ :a 
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"ru le for transforming a me .... age from one .. ymbolic form (the source 
alphabet) into another (the target :llphabet),'·.' cut... acros .. e\cry a ... pect of "hat 
~() ft \\ are i .. and what software doc ... One way to re .. i"t an ab .. tracting turn 
aVo a) from softv.'arc is to attend 10 it... code-like character. Allending to code 
as practice and material might sho" how <'oftware becomes invisible. how its 
(lCcl usion from analysi .. occu~ and ho"," it l1onethele .... becomes at times very 
\'isible and significant. 

In the period between 1995-2005 ... oftv .. arc occa<'ionally became a highly 
\ isible and invested object; certain .. oft ware vinl"e" and pathological form ... 
Ilpcn-.. ource .. onware projects l>uch a .. the Apache "chser\'er or GNUlLinux 
nperati ng sy .. tems (sec chapter 4). the Y2K bug. blogging, deCSS (chapter 2). 
the brow ... er "ars (chapter 5), the Human Genomc Project (chapter J). and the 
"en made software visible as:1 public object of rampant financial speculation 
and wide .. pread concern, The almo ... t my .. tical authority associated with 
... nftw.ln! and peoplc who work with .. oft ware (hacker .... geeks. programmers, 
in\'Cnlors, engineers) in these situation,> merih analysi .... Such analysis cannot 
as",ulllc that we know what .. oft ware is. Following the movements of code 
"hn\\ s Ihat Illany object ... practice ... environment... and behaviors arc 
hec()min~ more ... oftwarc-like. Software itself. however. looks increasingly 
like a neighborhood rather than an intangible, ab~tract formali~rn, In one of 
(he Ie" wide-ranging account .. of progr:lI11ming and <,oftware development 
'Hillen b} a programmer. Ellen Ullman (1997) ""ys, "Some part of me 
~oums. but I know there i-; no other wily: human need .. IUu st cross the line 
Intu l'l~e: They must pas .. through thi .... cmipermeable membrane where 
~t}!:enC}. lear. and hope are filtered out, and only rea .. on travels acros ... There 
IS nn other way" ( 15) "C' ". , , . ro .. <,lOg-o .... er lOla cooe i .. not ea .. y. The code present 
In nreratlOg 'YSlems 'b b 'I " , , we - roW\ers, em:u <,er .... er .... mobile phone.. computer games a d' I' ' 
defi ,', u 10 p ,Iye~. can be analYi'ed under the "rule" of technical 

1I11110n<, of COOe bUI Ih I I ' be ' , til. ' - • e ru e 1.1., come "stolllshingly convoluted. The 
,ym

h
:
hc 

form\ representing "hum;1I1 needs" th:1\ the rule brinos into relation 
are t u u .. elves \'e 1" > .." e:. 
ha~ been d ry c,om~ Icat~d. Th,e techtll ca l. llullImall .. t deflllltion of code 

• ecompre~slng Itse lf In vanou .. way ... for decade .. , 
;,1uch of what ' - t k " 

and h' . I" a en ,or granted abollt ncw media, the Internet. the web 
nln lie deVice .. reI' > I ' . , , 

techn " I ' . les on tIe mundane ucqlllsllion and e)(crcise of " . .k,II., ' 
n,,,,,p_ - III programming and configuring code. While cinenl'l .Ipc]'\" magu ' _ . . ' . 
gO\~rnm ZIIlC<,. sCience fictlOn novel<,. artworks. television the web 

ent report... pol" - d I ' I ' " different " ' , ICle ... an egis alton rigure new media in many 
r \\-ays. the productio f· d' I o suft \\-, n 0 new tne la argely depcnd~ on the creation 

(8ov.ker :~d t~~ remains largely invi ... i~le or ",omewhat infrastructural 
1999). People work wllh <'peClriC hardware platform ... 
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cho<.cn computer languages. protocol .. , "!andard .. and a relatively narrow 
mngc of \olhvarc applications. Thc"c practices arc highly contl!xl· spccific 
and locali.tcd ill v .. rioul, way.... Despite appearing "merely" technical. 
technical I..nowledge-praclicc!. o\crlap and cnme"h \\ ith imagining .. of 
.. ociality. indi\idual identity. community. collectivity. organi/:l1ion and 
enterprise. Technical practices of programming interlace \,"ith cultuml 

pmcllcc .... 

Software as relation, operation or ontology 

Academic work on new media (sec ManO\ich 2001 and Lcs"ig 1999) 
attributes profound formal significance (0 code. BtH how 10 handle code as II 
material remain ... problematic. It can be analyzed formally (for in..,t:Hlcc. by 
u ... ing the principlc\ of variability, modularity ami transcoding de~eribcd in 
Manovich 2001). blll that approach may raise more problem ... Ihan il solve .... 
<;ince it... tenn<., arc Ihcmselvc<; derived from software de ... ign. Aho. any ,> uch 
formal analy,>i,> temh to ab\tract ,>oftware frolll the practice ... and contell,h 
allachcll to coding. In re\pon<>e to the liveline ...... of tho'>!.! practice'> and 
context<,. Neff anll Star\.. (2004) note. "Code i ... not ,>et in ... tone. a ... buildings 
literally arc. but is it a ... mutable a ... \ve .... ould li\..e to thin\.. ·.' .. (10). 

Code doc ..... uppl) a rernarkabl) "context-free grammar'" for <;oftware in 
certain ... cn .. c .... That i .... colle seem .. to work. act or operate regard Ie .... of what 
the <;oftware i<; meant for and \\ here it i ... One explanation of thi<; would point 
to the ab\tract nature of cooe. Li\..e Ellen Ullman. computer scienti ... '" d~l 
model \oft\\are a ... a ... ymbolic form u .. ing mathematical concepts. A ... Lev. 
(1985) dc ... crihc ... it. "Alino.,t all the entitie ... ari ... ing in the "'lUdy of computer 
",oft "'are sy .. tem ... including computer program .... language .... data .. truclUrc~. 

and operating .. y ... tem .... can be ab ... tractly (mathematically) lIefine~ a~ 
'algebraic sy ... tcrn~·: i.c .. a<; "'et", of object<, together with certain 'rcla t\On~ 
and ·operation .... lMociated with the .. cts" (51). From thi ... per ... pecti\,e. the 
operation of ... oftw:lrc ultimately reduces to relations and operation .. ( ... uch;l' 
~orting. comparing. copying. removing) on item ... of data. There i ... somet hIng 
at once appealing and mystifying about th is formalism. It isolatc ... code fro~l 
particular contell,h and lIi~til1 ... it down to relation" and operation~. The ~ctu~ll 
code that prognlmmers read and write expresse .. abstract relation ... and lunnal 

operations bet\\cen entitie ... grouped in sets. The concrete domain in .... hKh 
these entitie .... relation .. and operations encounter lives. im.titutions and e,cnt~ 
~eem ... detached from their code-formed relation. 
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Howc\er. no computer code. nOl cvcn textboo\.. demOn\tralion'> of 
·ociple. can maintain this level of ab ... traction. While th~oretical. compu~er 

pnience ~ometil1les treats software .. ., a qua ... l-m:uhemat lca l-loglCal entH) 
:sl:cptible to complete fOf1~l:lliLation. wde it ... elf ine\ itably ... I~p .. int? tangl:s 
f competing idioms. practices. tcchlllque .. and pattern ... of Circu lat ion. It 1<; 

~mpting 10 ... a) that there i ... no "program" .. \ ... ueh. only programmings or 
coding ... One look at the source code (the program text that programmer ... 
read and write ) for the Linux kernel ... trongly hints at that (see chapter 4). 
Code can be read as permeatcll by :111 the fonll'. of contestation. feeling.. 
identification. intemity. eontextualiJation.. and decontell,tualizations. 
Signification. power relations. imagining" and embodiments that compri~e 
any cultural object. 

But perhaps. it cou ld be argued. the formality of ~oflware resides at 
another level. Computer sc ientist'i develop ontologies to formalize how 
eomputation can be carried out in a given domain. In thi", technical sense. an 
onlOlogy docs not say what someth ing i\ or how it cxi,>",. but rather sets out 
coocepts and relati ons u'ieful in bui ld ing a model: "an ontology i ... a 
description (like a formal specification of a program) of the concepts and 
relabonship .. that can exist for an agcnt or a community of agents" (Gruber 
1993. 199).~ With somewhat les<; formal ambition. Ihi~ boo\.. too develops an 
onrology of .. oftwarc in order to handlc code a ... material and practice (this 
chapter will providc the mOM high-Ievcl account of the relations and 
opl!lations that latcr chapte~ will lIe\·clop). The difference between a 
computational ontology and my software ontology lic ... in the purpose of the 
.... 1I..:lion and formalit y. Whereas a computational ontology i<; meant to 
,,(Wide a \\ay of de\igning and organizing thc operation'> and processes a 
computation will perform. my ontology of .. oft ware has othcr. more conte<;ted 
ends in mind. In ~tead of introducing a con .. i'itent model of a complicated sel 
ofrelalion~. it seeks to make incon .. i<; tency and lability conceivahle. 

Ontology as resistance to abstraction 

11ae purpo r h· lab' ~e 0 t IS new ontology might be. a ... the anthropologi ... t Paul 
I~OW rccently suggested. to provide way .. of rc .. ponding to "a world 

Q,))enenced a . . 
IB 0111 I . ~ eonttngenl. malleable. and open" (Rabinow 2003. 67): that i<;. 

It o.ugy I .. a conceptual en .. emble dC'iigned to makc 'iense or empirically 
varlatuln ... in ex· Th . . PI .. em l\,- _ _ . penence. e appearance of new entitle" and the evcr-

]X Iblhty 01 new concept<,. techniques. \Cnsibilitie .... practices and 
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representation arc vcry much parI of the contemporary terrain of ... oftware. 
An onlology of .. ohwarc would conceptually register malleability. fragi lity. 
circulation and backgrounding without reducing il to something cI.,c. In Ihi\ 
rc<;pect. an ontology of ... oftware could be practicaL useful equipment. 

Why account for ... oflware olltologically? The formali"nh of code have 
their attraction ... Picl,ing up on thi .. formali~m. Mano\'ich (2001) argue .. Ihat 
.,Iudies of new media ... hould turn 10 computer science: "To undcr ... tand lhe 
logic of new media. we need 10 turn 10 computer .. ciencc. II i., there that we 
may expect to find the new term.,. crncgories. and operation .. Ihal characterilc 
media that became programmable. From media ..,Iudie,. \\C movc t(l 
,omcthing that can be c;llled ',oftwarc studies'-from media theory t(l 
softll'are theory" (48. italic, in original). The terms. categorie~ and 
operations to which Manovich refer .. stem from code and different styles (If 
codc. Data structure" and algorithms that might allow the programmability (If 
new media to be under'itood are found in code. even if theoretical computer 
science te'<tboo~s abwact from code and exprcss algorithms in pseudocode 
(chapter 3). a way of describing operations withou t u'iing any 'ipeci fic 
programming l<lnguages. 

But 'ioftware studies need not directly transfer tenm, categories and 
operations from computer scicnce. Despite its formali ty as rule-governcd 
e'<pression. code. as we will see. is an unstable volatile material. Rather than 
treating data structures (iisL". tuples. queue'i. 'iequences, dictionaric,. 
hashtables, etc) a.s the fi'<ed categories and components found in new media 
objects, or treating algorithm .. (sorting. searching. addres .. ing. '!'\\apping, 
optimi7ing. encoding. decoding. ctc) as the abstract essence of comput:n ional 
processes. I use code to understand the mixture of mutability and ... ta~i\ 
associated with software. Using code reduces the risk of freezi ng ,lOd 
formaliLing software. Software in its specificity is not a given. What ... oftware 
doe<; is vcry intimatcly linked with how code is read and by whom or \\hilt. 
that i~. by pc",on or machine. Sociologists and anthropologists of techno l (lg~ 

" have c!-.Iablished that any formalization needs to be under ... tood "in-u!-.c: 
"analyses of situated practice , .. point to thc contingencies of practical action 
on which logic-in-u~e, including the production and use of scenarios and 
formali~tll", inevitably and in evcry in<,tance relics. In this way such :uwly"'c' 
provide an alternative to idealized formulations of reasoning as disembodied 
mental opcrution" (Suchman and Trigg 1992. 173). 

Rather than treating fonnalisms as nalural or fixed. la~ing code seriou ... l) 
means undcr'itanding how Ihey become ordinary or obvious in code-h~ 
situation<;. If "any truce. <;ign. inscription. representation. gmphisnl . al 
citation is originally. and alw-ay<;. an expression, indication. icon, or l1l{lnl~'llt 
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llf arti~ulat ion in some praclicc" (Lynch 1993. 291). then the wrillen 
(onnaJi ... m of code contains expression... indications or moments of 
arti,"uiation in some practice. 

Defamiliarizing software-like situations 

T\\ll moti vations steer this ontology of .. ortwarc. Fir'i!. the ontology 'iboliid 
regi,tcr \OnlC of the mutability and contingencit.:.~ a .... ocialcd with software 
rather than rel.lucing them to <;table forms. Second. the allraction of formality 
ha' 10 he accounted for through the 'ipt!cilicitic'i of code as a material 
artkulatcd. felt. ~haped and changed in practices. whether h)Cated in 
communicillion, entertainment. commcrcc. gon:rnll1t.:nt. production or 
sclen~'c . 

An analogou!-. situation has been tadded by the anthropology of art. The 
anthmpologlst Alfred Gell ( 1998) !la .. argut.:d that the problem for an 
anthrupologl cal .theory of art i" that what count!-. (1<; art change~ in differelll 
contexts. To allrtbute the status of art to something and then analYLe it .1') an 
an obJcct I." W forget about how it becornc.~ an art obJcct. For instance, whal a 
We!olcrn.\ .... to~ peTCci\'es as indigenou" art obj<.'Cts \ .. hilc vhiting \illage art 
stue.ltus 111 Bah largely depends on an institutional COntcxt by which thc 
objeC.:'" havc Ixen framed (Gell 1998. 12), Gell's mdical but generativc 
solu(lOn .... to con ... ider all" t b' ". .. ' . . ..• ar 0 ~ec ... as person<; (9) 111 order to then analyze 
an-hlc "lIuatJons' (13) Th hi' , . .. e ant TOpo oglcal-thcoTCtlcal mo\c of reducing 

art obJcct" to flt!"'o 11 Gil' , ob ' ,. os a ows e s analysl<; to mo\e bct\\cen subjects. 
~et:". practlccs mater" I ' '. d ' . 'h .. '.' la <;. tnSlltutlon .. an cognltJon<;. aClion ... and fcclino,!, 

WI( l!r~'at laclhty (In " d '" b' e 
_, d ' .,', re uClng an-o ~ec ... to pcl"ons, Gell continucs 
r-"" IOU ... clamlharlzing m 'fi d" h ' , In an I'l .. me .. oun 111 .Illt TOpology III relation to persons.) 

. I C sllua[lon~ a visible h 'I 'I' , 
__ I "I ' " ' . p YS lca . Illatena tlung tnggers a "cognitive -,... ... Jnn tlat 'IIInb '. 
dlfferentiatcd b ' . utes .agency ~o. '(}~nethlllg, Art-lJke ... ituatiom are 
these 1"1'· Y s.ocml re lallon'i obtmnlllg 111 their neighborhood, Concretely 

c alJOn~ eXIst a . I ' ' 
soft"'are th' . I' . s actIons tley alithonLc and perform, With re'ipect to 
I . C all.! ogous qllc'ilio Id b WI lke-' 'itu,lIioll "< . n wou e: lat make .. <"olllething a "code-

R) analogy to art I . 
Pmblclll oj" agen .' w 1:It code doe<; can be morc gcnerally framed a<; a 
A. (it'll (199~. ~J;~:: probl~n~ of who or what docs what to whom or w-hat. 
hgonlU\ under t, d' ggests, II IS nOl nece~<;ary to pos\Css a philosophically 
of ... an IIlg of agency Th . age'!k.·Y a" there are ' . ere are as many phtlosophical accounts 

genera of actIOn. Across all of them. agency refers to 
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e\cnts that are not merely physical: agency makes a difference between 
something that just happen .. (a leaf falls. the sun sets) and .. omething that i ~ 

an action to which a cognitive dimension is attached. When a door <:.Iam\, 
when there i<:. laughter in the street or when mail arri\·es. these arc not jUst 
physical evcnh. they arc action-events. Wherever agent:. are. patients. people 

or things undergo action. 
Many of the main results of social. cultural and political studies 

cultural proce<,se~ O\·cr since the mid-1990s can be framed as attemph to 
conceptuali7e dhtribution<, of agency. For in'>tance. anthropologic<, i.lnd 
cultural .. ludic'> of the eon<:.umption of popular media have repeatedly argued 
that consumption h not a pa~si\'e activity but a highly complex and variable 
process. Similarly. analyse~ of ~ocial norms and gender iden tities based 
speech aCh and pcrformativity have suggested that everyday determinat ions 
of .. gency rel .. ted to gender, class and race resu lt from a 
interplay of act<:.. imtillltiom and events. Law. as II body of rules attached 
sophisticated processes of articulation, administration and e laboration. 
another di .. tribution of agency. An, a~ Gell argues. is an involu tion of 
that form .. part of any cultural environment. If software matter ... and i 
law and art are a<;"ociated with .. oft ware. then code as a material has 
a significant way of distributing agency. Code is certainly not a uniq. 
involution of agency. but the patterns and permutation<; of agency that 
to it are particularly powerful and symptomatic. 

Attributing actions 

Software i .. not u .. unlly treated as a physical event. Cognitive I 

searching. recording. writing. creating. recalling. ordering- -or events 
associated with it. The po<,,,ibility of attaching agency to software i<:. 
Attribution of agency is a precondition of any social relation 
whether attributed to friend ... colleagues. strangers. gue .. ts. family. even 
things {fix in<;tance. a child plnying wilh a doll treats it as a real 
Software i~ <;ometime~ explicit ly cnvi!-.aged a<; possessing full-blown 
(as in artificial intelligence). but more often it is regarded as ,",'" 
.. econdary agency. that is. a<; supporting or extending the agency of 
primary agent: the programmer. the corporation. the hacker. the arti .. t. 

government or the user. 
Becau<:.e the .. ame thing or person can be both agent and patient· 

can switch roles quickly-attributions of agency sometimes 
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"""sling instabilities. and different variclic'> of agency proliferate. Much of 
:;:.s ( 1998) fascinating account presents different permutations of agency 
iJUfId in an-like situation ... , The transactions and. pathways along which 
_ilC)' migrates through software arc truly legion. They range from 
~are agenb:" pieces of code to which people delegate specific aClion<;, 
ID the an;hiteclural models of software syMcm<., ba .. ed heavily on socia l 
reI"ions ,> uch as server. client. manager. worker. producer. con.,umer. and so 
... ConlrJry to the idea that .. anwarc ob..,curc<, these agential transactions. 
code renders some of them ,"'cry vividly. We will analyze .,ome eX3mpies in 
.... chapters: the imponantthing here i"that code i<:. ageney-.. aturated. Even 
wilen code is relative ly invisible or hidden in the inter .. tice ... of other technical 
devices (such a ... an e levator. a remote controL or a traffic light system: 'lee 
Tbrift 200-4b), agency behavior .. are becoming the norm tn contemporary 

&jA"latiun \ of thi ngs. 
The general point that agency i .. di .. tributcd between humans and 

_humans has been well established in many different field .. : in cognitive 
.""apology (Hutchins 1995). cognitive .. eicnce (Clark 1997). social 
llllluopology (Gell 1998) and in .. ocial .. tudie .. of technology (Calion 1987). 
fa more supple engagements with technology in which technical object .. are 

longer con .. idered as object .. but as mediation ... hybri<h or even quasi 
IAlbjects (Latour 1996. 213). "Computer" or "inli.lnuation" technologies 
terms starting to sound quaint. if not '>tale) have migrated out of thc '·centre<:. 

C'lculation" (Latour 1987) in which they fir.t materiali7ed during the cold 
•• (Ed"anh 1996). These "centre .. of calculation." organized around 
811inframe computers. were enclo<:.ed. removed and in,>ulated from the 
+P""lOS of art. commerce. home and politics. Today. the distribution of 
~ throughout the interstices of urban life and its growth in new forms 

media and communication .. uch as the web cannot be under.tood in terms 
older "big-iron" (Raymond 1996. (4) model 'I of technology. 

n:.ftll.are h~s hybri~i7ed itself wildly with other m~di? and practiee~ :~nd 
, y to COnttnue domg so as sensor network<., amI ch .. lf1buted computation 
m~e morc ubiquitou ... Ana lysis ba .. ed on hybridization or network. such 

actor-network theory (Law and Hm~ard 1999). h'h trouble accountino 
e-..~me asymmetries in th is growth. A<:. the mllhropologi~t Marily~ 
-amern (1999) writes . 

l1bcre L~l no refu,<' ~ h . 1 1 1'· . . . and or I C ..ocla ani lW[)(l OSI'.I III Ihe 10<,a nl hyhru.h networl.. .. 
!n\el1lcd CUll . h . .. . 

~,,_-' ure .. CII er. The-.c do not. of Ihem,ch·cs. IIldU;aIC a ,ymmelrica1. 
_ll1g morality F . L_ . IDlm . .... or I1C1\r""r a 1111)(cd nature nor an impure charancr guarantees 

Urul) lrom a '.. n.. . . 
lin; ppropnatlon. Vir Ihe contrar)', Ihe ne ..... mooCrmlle\ ha\c 1I1\ented 

PRJ!ec" thaI r. . 11 h··' . . . oresta ~uc IlI1a81111118-\. \\e can IlffiII all too ea\lly nna}!II1C 
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rnonopolic~ 00 h~bmh • • lnd clOlirn\ of O\\<ncr-.hip over ..egrncnI\ 01 nel\\.()ri,.. (1.')5) 

Even \ic .... cd .... hybrid human-nonhuman networlo.. it remain ... to be 
explained how ,>ol'l\vi\(1! i~ variably appropriated. owned ami imagined. 

For present puq>o .. c .... the que ... tion i!> how to aCCQunl for the '>pccific 
type .... dynamics and di .. lribulion<, of agenc), associated with .. ohwarc. Amid 
the auribution. delegation and extension of agency through code. \I, hat 
problem" arc implicit in ... aying what ... oftware doe ... '! h nOl code a direr.:1 
expre"..,ion of human agency in relation to things (""tan:' "move:' ·· .. top.,,? 
Deciding where code loc:llc.., agency in soflware. how code distribute ... agent)' 
and who or what cbe po'>se" .. e" agency becomes complicated at certain 
moments. The critic'II agent in a ... ituation becomes hard to identify. 
ambivalent. even threatening. A virus might be slowing the computer down. a 
browser might be opening popup window .. allover the screen (see chapter 2) 
or the sy ... tem may be "th ra~hing" as it trie ... to handle too many lash at onee 
(sec chapter 6). Does agency center on the programmer who tinkcrc<.l with 
lines of code to make them do something she imagined? Doe ... a program act 
as a vehicle for the agency of .. orneone who runs it. "the u ... er··? Or does it lie 
with the corporation whose enforcement of intellectual property righb 
radically curtail'> different uses of ... oftware? We rccogni7e other peoplc as 
agenh (to a Ics ... cr or greater extent) because they have the capacity tOilel. 
Bul in milieus populated with bodie .... things. system .... conventions and "Igns 
(and thi .... is virlUally everywhere). agency db-tribute ... itself between peoplc or 
betwecn peoplc and things in kaleidoscopic permutations. Agency ex i ... ", in 
events and em.emble ... that generate different attribution .... If e\enh ,vere 0111 

open or \ariable in some wa). the attribution of agency would be uncolltc"tl,.-d 
and thu ... pointle ....... 

From formalism to a neighborhood of relations 

Does thi~ mean that ~oftware i~ cullUre? Equating software with "culture," a~ 
h f code ha\ if culturc was a given. doc., not help. So to say t at so tware or 

become culture or to ... peak of "cultures of so ft ware" doe ... not sol vc the 
problem of what software <.Ioes. what it is. and what is at .:;taKe in what it dllt"' 
and i .... Rather. cooe need ... to be followed as it moves across a terrain whC~ 
the dif~erent forces. for~ati?n ... : dynami ... m~. knowle.dges. ~i ly habi~~l~~' 
cml)(xiled expertl ... c. In ... tltUI1011"'. practices. IlllcropolillC<';. net )t 

techniques :md things associated with code are situated. Software ha ... bc":()~lnt 
intimately bound up with it new sensibility that accommodates c()n~{.L 
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• . eluding changes in the material texture and ... cn ... ation of cinematic. 
chaD~c,.ln . I .. f II' k 

I n~ photograph ic processe ... : In tIC organllat lon () co ectlve wor ' wle\ I,ua a 
"U",e ... oftware: in struggle .. ovcr oUholircing programming work to 

m_~' . . . . . . 
India; in the \irlUahzatlon of many t,:,n ... act l~ms. Illt.eractlOlls. ~xchange .. a~d 

vi information and property: In arch l'lIlg dlfficultle'" 111 new media 
~,: in profound chan~es in the . ... cal~ and ~nt~nsit) .of biotechnolo~ical 

an'h and conceptualizations of biological life: III radIcal tran"formatlons 
~tbe production and circulation of popular mu ... ic: In shorl. a~most anywhere 
that pt!'n:eption and movement arc seen :1 ... e",pcclally flow-like or eventful. 

soft"arc animates. 
A~n..:) i... di <.;t ribu ted unevenly. and it entails widely di\'ergem 

aans8<:tion~ (Gell 1998, 24). However. even if so[[warc participates in the 
U'II'IS81:1ion ... of social agency. that participation in no \\.:ay distinguishes il 
(Mil an) OIher object. Is there nOI marc "'I>ccifici ty to the agency of 
IOftware? From the per ... pecti ve of an olltolo!ly of ... oftware modeled on Gell's 
uthropological theory of art as index of agency. at least four different 
entItie!> stand in relation in ... oftware: code. originator.... recipients and 
iWOIoIype'" 

1. Code as index 

Code pl\l\ides one way to specify tran ... actions more preci.sel). Code 
c:ombinc ... mark .... symbol'> and other software. and refer ... to objects ... uch as 
CUiiiptller... cOIl\t!l1tions. protocols. network ... and peripheral devices. Much 
hinte.s . on how code hang ... or concatenate ... rcl:llions together. The general 
definition of code given earlier describes code :I~ :1 "rule for transforming a 
IIInsage from one symbolic form (the source alphabet) into another (the 
targe~ alphabet). u ... ual1y wi thou t loss of information:' The ..... ymbolic·· fOrlll'> 
- hlg:hl) \ariable and include programming languages. har<.lware platform .... 
~ III programming. pallerns of di~tributions and circulation. and 

unctJon\Oropc af . Th '" f Wltbo· .. r . IOns. e luca 0 code as a rule that transform ... messages 
_I Ut IllS .. 01 Information represent., an ab ... traction: in the definition above. 
.-.. il(lIlg "u .. ually" w,'th .. .. 1-' be . . rul never wou u • more realistIC. Ilowever. a~ long 
Inltrc \: ... are not under .. tood too narrowly. Ihi~ definition provides an 

fl"'~~~!! angle from which to analY/c '>ollle different modalitie ... of 

Gell\ anthr I -
'"1he il\dcx" opo oglc~1 theory of art focuse ... on how indexical .sign ... or 

lound 111 art-hke <.;ituations permit '"abductions of agency."' that is. 
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nonlinguio:,tic inference .. of !.ocial agency. To understand the :ldhcshencss 
code. the rule .. compri"ing any body of code can he treated a .. indexical. a, a 
"natural \ign from which the obscr\'cr can make a causal inference of 
kind" (Gell 1998. 13). Code as rule-governed transformation between 
and larget .,ymbolic form .. (or alphabets) is ihelr pan of a wider 
nexus of .. ocial relation ... within patterns of calculation. logic. 
listing and olher algorithmic processes. 

Code ihelf ha .. a .. pecific texture and materiality. Software com.tantl), 
verge ... on collap..,c because code is fragile and precariou .. Jy .. ubjcci to 
"Unused progr.um or features will often SlOp \\.:orking after .. uff1cient 
ha ... pa .. ..,cd .. (Raymond 1996.69), Like anything che. software doe~ not 
or exi.,t in i\;olation. Left alone. it tends to fall apart becau~e all arou nd' 
hardware platforrm and other software change. Softw;m!. de\;pitc i 
algebraic-idea l image. needs carefully maintained niche\;. Examining 
over time (a\; we ~hal l in chapter 4) shows how much hmpitali ty work 
needcd to maintain the niche. a niche that ihelf i~ inevitably changing 
along with changing hardware platforms (<;hort tt!rlll). network 
(re l.Hively long term) and operating ~y!.lem.'. (medium term). Code i<; 
con.,lantly wpcr<;eded. The con!.tant arrival of new \'er~ion~. update<; 
patche ... both conceal<, and highlights the bril1lene~<, of <,oftv .. are. 

Code verges on di<,appearance in another <,en ... e. A ... later chapter.. 
show. ...oftware participates in a more general in\,i...ibility of 
infra ... tructures and enter\ into a certain historically ... pecifk 
uncon\Ciou ..... (Thrift 2004b). Social and material proce ...... c ... that organi/e 
co-ordinate Illm.:ement and perception within Euro-American-A\;ian uro 
actively render ... oftware invisible. The proce.'.s of backgrmmdillg form~ 

deep part of ... oftware and code. Much \"'ork in since 1980 ha ... been 
out (particularly in the ... ocial studies of science and technology) in ordrr 
under...tand why technical mediations are at once intimately wo\·cn inltl the 
... ocial-matcrial fabric of everyday life and yet often not reprc\;ented as ~udl 
(Latour 1993. 1996. [999). 

Bitrol and backgrounding raise a host of problem ... refractory to analpi\ 
Circulating, fragile and backgrounded: these chamcteristics po ... ition ... oftware 

on the edge of disappearance and prevent it (for beller or for wor ... c) frol1l 
being analY/cd as object or as expression of subjective intention. Softw,lre 
dwind[c~ into the interstice., of fine-grained synthcses of gestures. la\\ '" 
property. habih. image .... machines. networks. infrastructures and dC\'I~I" 
Software figured I:lrge in the rhe of network culture and the Internet durUlS 
the 1990s. anJ for a moment-a moment which .,till rc .. onates--ClJJt 

allrncted \i\ible cultural. political and economic attention. Software wiI' ttlt' 
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. ·dent claim .. over invention :Itld property. and re.,idue from the 
,woe1 ,11 ... tn 
:.r-~n' J ebate ... i., nol hard 10 find. From Y2K. 10 bro\\ ... er \\<If .... to court 

ni"~rullu g d patent and copyright infringement., in Linux and between Sun 
saTO

un C· J hD··1 
and Microsoft orporallon mcr a\:I. to t e Iglla MICfOS, .. tem .. 

-. COP)Tloht Act (DMCA)-b:t\Cd case :lgainq deCSS CDVD-MiUenmum ,:, . 
"8 ,uft .... are ). many of p~bhc struggles OWl' .,oftware co~~erned how 

""!: .,,' {)\ er time as an object of \alue and how II became \lslble. co-_. e,.l<; cu . . . . 
H(J\\'C\cr, fo r evcry controver ... tal or well-puhhclLCd event concermng 

1Oftware. so much more wa., ,.aking place Ie., ... vi ... ibly and introducing 
Ihmic proce ..... es mIn the mfra.,tructur<11 backgrounds of movement. 

ception .1I1d memory. Only occa.<.ionally did the .,oftware at work in a 
;;¥o-recurder or a car. deep in the architeclllre of the object. become an 
obyCI of conte<, tation (as it would if. for in.,tance. a Bluetooth-enabled 
~hile computer were infected with a virus tran,miued from a 
.hllP'fOOth-cnableti telephone). Hardware production and commodification 
reIentIe"sl} backgrounded codc. Constant exchanges. tmnslations and shifts 
awed code between hardware and soflware. Semiconductor design 
, .... opriatcd "oftware-in itiated feature., and practice.,. The architecture of 
O£'#im(Jdit) CPU ... made by Intel or Advanced Micro Device ... (AMD) adopted 
flaMu thai aflord certain calculation<.; associ:ued wilh 3-D graphics. More 
~Iy. computer keyboard ... now have bUliom dedicated to ... oftware user 

once carried out by is .. uing command~ onscreen. Computing hardware 
DOl hcxn .,uhJect 10 anything like the <.;cholarly intere ... t that il merit .... Its 

..... Mnion i ~ largely hidden in chip fabrication plant., in Southea\;t A ... ia. and 
leIIIicondul·l()r dcsign i ... hard to .,tudy ethnographically. While I'll return to 

around hard\.\.1J'e in later chapters (chapter 4 on Linux. chapter 5 on 
and chapler 6 on telephone network<.;). my general point i., that <.;oftware 

•~wCOIUPuting hardware have an un ... table. changing relation. Thi ... makes 
IOftware harder to i.,olate. 

Thm: are no guarantees concerning the visibility of code (for instance . 
YIruse!i rei) hea\ ily on the invis ibility of code. as docs much of the code 
-bedded in infm., tructure<.; and various operating ~y<;telm). What is visible 

a pn)!!mmmer working on a piece of software may be almost totally 
IftYi Ible 10 u .. e rs \ ... h 1 .,.. d· . 

. ' . 0 on y <.;ee cvue me "lted through an mlerface or some chan: 10 their environment: the elevator arrive ... , Ihe televi.,ion changes 
I ... , the telephone rings. 
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2. Originators 

Software :11 .. 0 refer .. to ih producer... Someone or -.olllcthing cooe .. it there i .. 
an Ori!:illlllOl'. Whether the originator i.., a programlllt=r. \\cbma<,tcr, 
corporation. ,oft ware engineer. team. hacker or ,cripler. and reganJlc", .. of 
whether the origllla1or'<, ex.i:.lcnce can be forgotten. .,anctilkd Or 
crimimlli/cd . .,oftv"are originate .. !.omewhcre. Maker. of \oftwarc are 
ambivalent figure ... The figure of the progmmmcr often vaci l l~IIC'" between 
potent creator of new world .. and antisocial. perhap .. criminal or para..,itic 
(hacker. darJ..-')idc cracker or monopoly capitali,,' ). The incurabh: ambigui ty 
of Ihe term "hacker" in popu lar representations of .. oftwarc " ... both criminal 
and creat ive attc'It'> to confl icting ideas of what making >;oft""'are entail-;. 

Such confusion., arc intere~ting. Several chapter~ will later addn.:ss the 
un>;table relation between different modalities of produccr~ (.,cc chapter 4 on 
Linux: chapter 5 on Internet programming and Java). In cultu ral and .,ocial 
slUdie., of technology, production is often downplayel..! bccall~e it i~ not 
regarded a~ a place where everyday practice can be found at work (Couldry 
2000). Becau~c of this i ... o lation, production of technulogic~ is ... omctimc\ 
... cen a., less important or interesting than conwll1ption of technologies. The 
producer>; of a given contemporary technology are rt!ganlel..! ;1>; part of an 
engineering, corporate or re~arch eli te who~c activitie ... lie oUhil..!e the 
domain of popular culture or <;veryday life. While this divide between elite 
and popular cultures may exi.<.1 for some linds of pnxluctlon, it docs nOl 
accurately describe the production of software. 

In the ""'ake of the commercial succe~ .. of open-source software. 
inslilnce. comt:ulI arguments rage o\'er "", hether "hacking" i>; a proper way to 
produce .,oftware. The polemic belWeen corporate or in.,titutional ... oftware 
engineering and hacking concerns not only ho\'. >;oftware i>; de>;igned uno 
codt!d. but hov. the \~ork i" donc. who does it. under what comli tion>; .. nd in 
what place>;. In a defen..,e of hacking again>;t univcr ... ity-taught anI..! corporate­
supported softwarc cngineering. Paul Graham (2004) write,,: "What wc can 
say with >;ome confidence is tilat Ihcse are the glory days of hacking. In mO\t 
field>;. the great work i., done carlyon" (33). His argument Ihal hacker" nrc 
more like Renaissance pain ler>; than engineer>; ur "cientish i>; b .. ..,ed on Ihe 
efficacy of programming method>;. on the creutivi ty of programming (I" a 
cultural practice. and ullimately on Ihe valuc of software it>;r:lf. ~ We ,-".11 
al..!dre ..... other complicalion .. and uncertaintie>; in the production of "oft""" iI~' 
but for now the question rr:rnain>;: How can >;oftware be understood or maciC 
intelligible? 
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3. Recipients 

The ;lIl,,\\er lie~ in the way>; code 1Ill..!cxc>; people or machine>; a" recipients. 
Thing .. thai receive or execute code could include an em ironment or milicu 
in \\hich code circu lates and I..!oe" >;omelhing. Ju>;t a>; a paillling indexes it>; 
\ ir:\\er. in various ways. ...oftware too poin!>; towards its recipients. 
E\erything- from the shrink-wrapped package of commodity ... oftware \\ ith 
the end-u>;er license agreement (EULA) attached to the act of opening a box 
or cliCKing on "install:' to the intric:lcie~ of u>;cr interface design, to the 
elaborate communities of rcception found arounl..! open-source software­
reteI'>; to recipients. On all occasion .. of reception. >;omeone or something 
undergoes somcthing or does someth ing wi th code. 

Software objects. systems or practicc ... - ... uch as the Linux kernel, 
suftw .... c art, the Java Virtual Machine. ext reme programming. Perl and 
Biopython--call for different approachc .. to account for their reception. In 
other word>;. code solicit" difrer\!nt concep!>; of ,,{)Cial processuality. It i>; 
difficult to analyze code a" a text "",ho>;c meaning .. can be contc>;ted. resi>;ted 
or rC\'i>;cd. The concepts of 'iignification and meaning that have guided much 
worK in social sc iences und humanities for decade" lack purchase on the 
.. tructures. patterns, relation ... and operation>; that con>;tilUte code objects. 
Although reading and "",riting arc key practice>; auached to code. and 
although the "readability" of code ha>; consi>;tently concerned programmer<; 
.. inec the 1950 ... what is at iotake in reading anI..! \Hiting codc i~ not "meaning" 
III any commonly accepted 'jen>;e. Rather. the readability of code relate;.; to 
execution. to how it circulates. hmv 4uickly it can he read anI..! under>;tood by 
(~her programmers. and how it afford>; revi>;ion". modulations and 
modification ... A focus on proce;.;>;es of c irculation of code shift ... away from 
the meaning that code objecl.'> may have for particul:lr groupi> of social actors. 
~n exploration of how human commu nication and interaction are introjected 
Into ... oftware through reorgani/ation of production in ext reme programming 
Cehapt 7) er or Ope n-Source ~o thvare (chapter 4) >;uggc>;ls that code a~ a 
matenal might be more multifaceted than it i ... u'iually thought to be. When 
,oftwi\rc beeo, k' d d' . Oceome • ~les art~o_r ' a ... In co ~ poe.try an .. ottware art (chal~ter.2). It 
I.' ~ relevant to ask how code fu nction>; and feels as a matenal III an 

lluJccts. 
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4. Prototypes 

Finally. ..oftwarc ,>omclimcs n! .. cmbles or represents .. omcthing chc. a 
prototype. A che ... , program reprc\cnt<". albeit not \"i .. ually. a che,>,.; player. 
Image manipulation .. oftwarc .. uch <II, Adobe P~oto"'hO I~ or GIMP (GNU 
Image Manipulation Program) pre<.;ents a set 01 operatIOn" rt.!lalmg 10 a 
photographic wor" .. hop equipped , .. ilh instruments ,>uth a .. sci .... of' •. bru ... hcs, 
pencils and paint. Similarly. a music or sound editing program (CuBa!-.c. 
ProLogic) pre..,cnts a ..,ct of operation'> related to recording ..,Iudio":. (mixer">. 
tracks. tapc rcc()rdc~. in"trumcnt ... effcel'>, and so on). Many people who U~ 
such program .. would never have worked in or even "cen a photographic 
workshop or recording ,>lUdio. but the software relic .. on an image or 
prototype or it. The prototype may reflect highly fictive imagining. a ... in 
sortware for arlinci:,1 life (Kember 2003: Helmreich 2000), or it may 
represen t something as prosaic as a desktop. Sometimes. even other .. oftware 
is the prOlotype for software (as in clones). 

Permutations of agency 

Social .. ciencc and humanitie .. research. including re .. carch into technology. 
implicitly pre-fabricatc ... objects as .. ocial or cultural (Sterne 200;\). This book 
does not demonstrate the social dimension... of information and 
communication technology, Rmher. it regards ... oftware amJ codc a ... an 
analytical chal1cnge for prevalent undcrMandings of social or cultural 
proce .... e.. ba...cd on concepts of language. meaning. di ... r.:o~~e, 
communication and media. Taking .. of!ware seriou .. l) mcan.. rC\,l"llLng 
concep'" of .... ()CiaJ. .. "cultural" and .. technological." 

It would be ea .. y, perhap ... to frame software as technology, Bccau .. e ~f 
the way it movc" and percolates through "'0 many other damail,,", .. aftwarc. 1\ 

might be said, has hecome a prime contemporary technology and the mo~t 
ubiquitous contCllll>orary technical artifact. Soflware can be represented 
u .. ing the concep'" of technology theorised in so much twentieth-ct.!lltury 
"DCia!. meLlia ami philosophical theory (Heidegger an<l Lovitt 1977; Mitcham 
1994: Feenbcrg 1995: Lyotard 1993; Virilio 2(00). In the apprehension­
concerning technology that guided critical thought in those years. code and 
information tcchnology ",cre threateningly salient becau .. e they alienat~' 
in..,trumentaliled or captured human capacities. Ho .... e\'er. the di..,tanCJ!lg 
effect-, attributed to technology in the..,c account .... it \ery awkwardly \\l th 
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much of the con temporary "codescape" on wh ich programmers, code 
narratives, coding practices and product.., movc about. The .. heel' abundance 
of coding languages. educational and pedagogical activities related to code. 
and code-related even ts such a'i tradeshow ... academic conference'i and 
publications (books. journal'i. \\eb .. ites .. ~ew,grollps) i .. hard ~o reduce to 
alienated instrumental reason. "enfrunung or "1l11ulatlOn (Baudnllard 1994). 
Nonetheless, in one sen .. e .. of!ware is deeply technologica l: it is a logos or 
rea..,oned discourse of the technical. It can be ,een as a corpu .. of methods. 
techniques. exercises. practice.. and judgment-, concerning information. in 
which information can be associated with almo,t any e\'ent whatsoever. But 
compared to other logoi. software is ,omewhat excessive and vexed. It 
overflows its own context and creates new context<,. In many instances 
software is so compl icated . ..,0 di..,tributed and convoluted in architecture that 
it defeats comparison wi th any othe r It.!chn iCal Object. 

As a result, the bou ndaries of each of the entities in the software 
ontology--code, ori gi nator. reci pient. and prototype- arc hard 10 define. The 
relationships constituting software coalesce in convoluted, compact 
formations whose dynamics are not well under .. uxx]. The important point is 
that the patterns of relations that unfold in the neighborhood of software are 
agential. Sometimes the prototype act-, on the ori ginator to produce code. as 
when a design brief presents scenario .. in .... hich u,ers carry out certain 
operations (a scenario is a prototype which programmer .. must implement in 
code: <;ee chapter 7 on extreme programming). Sometimes the originator acts 
on the recipient through code. a .. when a program con .. trains a person or 
machine to perform as a "user" (some of the examples of software art 
discu\sed in the chapter 2 illustrate this). Sometime\ an originator becomes 
the recipient and undergoe~ the action of code (for instance. when 
pro~rammers working on the Linux kernel write bih of codc to allow the 
kernel to run on new hard ware. they constant ly o .. cil1ate between running the 
code and prodUCing it see chapter 4). Sometimes recipients change code in 
SOme way, thus acting on the prototype and/or the originator. Pressure points. 
s1ippage~ and collisions ari .. e when we atlt.!l1lpt to attribute agency. 
Sometimes multiple attri butions appear within the ,oft ware itself. Different 
recipients, prototypes and lllakers COll1 r~ele for agency (as when, for example. 
the "user" finds herself struggling to make the ~olicitious Microsoft Clippy, a 
help ,tgent included with Microsoft Office products. go away). At times the'>C 
~~ntc"ts arise over the circu lation of code (as in diftcrenl distributions of 

JnuxJG:-.lU operuting system: 'iee chapter 4). They al'iO figure heavily in 
aUemph to organize the production of .. oft ware along different lines. 

A .. symbolic forms coale'ice in massively networked code formations. the 



18 In t roduct i on: 

agential relation'i in ,>oftware become highly in .... oluted and rccursive. 
Gell arguc .. that the \I .. ·ork it .. elf (the "index") is only rarcl)' the primary 
in artwork'> (Gcl[ 1998.36). \I .. e could argue that only rarely i .. code j 

primary agent in .. oft ware. The shifting status of code-an ideal 
of an operation, .. omething to be written ... omething to be run. ,olnc 
be circulated. ..omething to be upgraded or forgotten-auc"t.. to 
in\'olution'i of agency attached to software. The resulting in .. tabilitie~ 
many different kind .. of dispute. contestation and mutation of code. 

Involutions of agency: Force, value 
and feeling in software 

How should .. mh a densely populaled neighborhood of relation'i be 
and analYLed? Unlike art-like objects, for which (he term "recipien t" 
corre lates with a human vie\I,.-·cr. it is not clear that code always has ~op 
its recipient. Inc.ividuals u<;ing sonware are configured a .. lI'ter ... but 
only one ,>pecie~ of rccipicnt. Other machines. technical ,>ystern,> and 
piece .. of infra .. tructure can be recipients of code. and sometime:.. 
of code (for inmnce. integrated software development .. u .. ually include 
tool!> that automatically produce generic code for u:..er interfaces and 
template designs). Equally important. non-code-like entities inhabit 
environment. Some act as prototypes for software: for in"tance. an 
de:..k is a prototype for certain user interfaces a~ well as a place 
computers can be found: various forms of record-keeping and 
arc prototypes hr database .. and information archh·e~. a:.. well as .. 
that support'o 'iOftware. Some regulate the mm;ernent of code 
patcnt". legislation. prices). and some affect how software is rc,;cn 
comumcd (branding. design, product marketing). How then 10 make 
the impo'>'iibly complex social relations pre~ent in the h,,· 
,>oftware'? 

Thi~ book (real'> <,onwarc as a multi-sited associative or 
entity. The anthropologist George Marcus (1995) describes 
ethnography and rc .. earch as "designed around chain. paths. 
conjunction'> or juxtapositions of locations in which the 
establishe .... Olll\! form of literal, physical presence. with an explicit. 
logic of associ,ltion or connection among sites that in fact defines 
argument of the ethnography" (105). Accordingly. rather than tn!atl~g 
context of <,ofl\~are a'> separate from code, the logic of association L 
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chapter.. comprehend" chain ... path" and juxtapmitiom; in 
_ a .. legible in code .md coding: it treat .. the sociality of 

the relation.;; that obtain in it-. neighborhood. as mutable. 
agenti al relations indexed by code. Suh .. liwtion ... Iran~I~liom •. 

and di"place mcnt., of agency III and through code COn~litule a 
of which .. oftware comes. Significant difference,> in agency ari<;e 

tDvolulion .. and di..,tributiom; of relation .. in code. 
this per-.pecti\'e. each of the following chapter. can be <;ccn :1<; 

• recursion of agency a!.sociatcd wilh \Oflv"arc. At .'>lake here i ... an 
of soflware as a highly involuted. hi .. toricall) media-specific 

of agency. Thi .. account diverge.., from a general sociology of 
in highlighting the hi., torical, material <'1)Cciricity of code as a 

nexu~ of rclations, form<, and practice<,. It regards software 
as a set of permutable distributioll'l of agent) between people, 
and contemporary symbolic environments carried a .... code. Code 

red as a di ~ tribut ion of agency. 
IS it hard to pin down what software is? [., there some kind of 

mobility associated with softw'lrc that doc .. n·( allow i( to stand 
enough to be figured. imagined. diagrammed. plotted or mapped 

relation bctvvccn code and machine inherently un .. table ..... uch that 
what belongs to the thing and what belong .. to the practice. the 

or the .. ign is just too hard. and perhaps impossible'? The 
mapte,", map ... orne involution., of agency running acros .. 

analytica l div i .. ion .. between tode a .. expre .... ion and code a .. 
1bese in .... olutions reconfigure relation.. between produttion. 

repre-.entation. identity and circulation that bede\'il .. odal 
~ hu~anit ie ... accounts of contemporary culture ... By under .. tanding 

SlIU~tlOm, a .. involution,> of agency. it become .. po .. sible to situate 
In relat ion to olher question .. of po\\er. identity and democracy. 



Chapter 2 

n9 code: Expression 
execution in software 

the .:nde Ilf revealing the uII'>CCml} opcn nt,' ~~ of technical and MX:ial 

_" sy~C'm, augur". an a1ternati\c kind 01 bl(lpolilical prodU<':lioll---{)IIC that 

any e3.'.) rc.;upt:ration am] <;ale and that Conlc,\\ the proJu<':lion of 

\II) b) mean, of an open cultural practice. 

BelT), '"Botre Code: ~CI Art and the h ee Sof''Aare Mo\cmcnt:' 2003 

19'X),. making the code in <;oftwarc \,i.,iblc or "open" became a 
and di"cr,ely manife .. t project taken up by arti"t ... hacker..,. 

'''. government and non~govcrnmellt organization", Making code 
or "open" \\a .. a political project th at sought 10 introduce a new 
In ur .,cn\ibility to software into human affa ir ... This new <;ensibility 

unfurled in the development of open software. in the idea of a 
mer" li fi:-stylc a .. geek ish but cool. and in the increased \ i ~ibi lit y of 

.. an ohjcct of economic. legal. politic:.!. artistic and academic interest. 
IIO'Never '.1.. 1 

. uanng lle codc" i" not always easy. Attempts at openne~s 
COcountcrcd legal . aestheti c and techni cal ob .. tuclc~. So many things are 

. \\lIh Codc-so many diffcrent social re lati ons. patterns of onand 1- .. 
re atlOn~hlp With otheN arc sewn togcther in sofl\\are-that 

the houndarie~ of what is open can be difficult. E\-'cn if code can be 
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made \i~ iblc or legible. how could baring the code pn:dicatl' an "alternative 
kind of biopolilical production," a.., Berry wgge\t' aome. in rckn.'Il(.;c to 
Foucault'.., accuunt of cOIlIcmporary formal ions of power'! 

Code il\c lf ha" become bOlh a material and a problem in the production 
of "amc <,oftwarc art. Following the model of the ,>oltwarc nc\u\ outlined in 
thc prcvioll'. chapter. the opening of code in the ... e artwork ... can be generally 
undcr-.tood :.\ a contc.., tallOIl of agency focused on the \uh .. trall! of \ohware: 
code. Examining the production. circulation. relation to other \oftwarc. and 
commentary on ..,ever:.1 different code-like artworks, thi .. chapter c1(aminc~ 
one in\tahility of the code nexu\: Is code i.., a form of c,\prc..,..,ion or an 
operation'! The code pre!.cnt in these work s .,tages it colli.,ion between 
different trajectorie~ of codc as speech or action. cxpn:ssion or 
function/operation. The different trajectories have implications for what 
actions arc intentionali7cd. that is. who i!. granted agency. Examining how 
code h(l~ figured in ~ome rccent artworks-including Perl poelry 
(Win terbottom 2000). the deCSS gallery (Tourel/ky 2004). jorJ..homh.I){ 
(McLean 2002) and \ .. eb·based work s of jodi (1997. 1999. 2002. 2(03)-i ~ 

only 011: :,lpproac11 tow:mJ the broader question of code and contemporary 
forms 01 life. Latcr chapter!. will examine what computer science itself says 
a~ut code. what programmcrs of different kinds make of it. either using 
their own account'. or ethnographic approachcs. For now. the \irtue of using 
code-based artworks as a way into <ioftware cultures is thaI they simplify the 
problem ofanalY/ing software in some respects.] The) often im'ol"c a <,mall 
number of lines of sourcc code. making them easier to analy'c than the 
relational databases or enterpri<ie re<iource planning systems dc<,cribed by 
Campbel l-Kelly (2003). 

Ev'en :1 .. they narrow the field of analY<iis. software art\\orks make 
instabilities and !.Iippagcs in agency a<i<iociated with code mor!.': ob\ious. 
They slow the slippages down enough so that they can be situated in relation 
to other. n~nm. forms and conventions a~sociated \\ ith law. power. 
cornrnUllIcatlOll and languagc. When the 2003 Ar .. Electronic Fest ival fo r 
Art. Technology and Culture held in Li nL. Alhtria, for instance. adopled the 
theme "Code. the language of our time. Code = Law Code = Art Code == 
Li fe" (Stock!!r and Schopf 2003), the three equat ions between code and law. 
code and art. and code and life designated fie lds within whieh eode ha" 
become a problem. ~()mething to he conte,>led a" well as taken lor granted. 
Tha.t I ... these equation,> define field .. in which the contraction of practical 
habits of electronic communication cncounter extensive forms of 
govcrnance. rcgulation and commodification, field .. in v,.hich code sccm<; to 

offer .. orne Ir<lction. re .. istance or tool. 
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The uneven visibility of code 

S 
IKe 1995. slUdie~ of digital culture. information cuhure. information 

. , 
,(M;iety and cybercultures have focu .. !!d on the form .. of new media 
1\1ano\'ich ZOO\: Lunenfeld 2(00) anti how ne\\ media are u<ied (Pmter 
lOW). The,>e studies id!.':l1tify change .. in the production of image~ and in the 
I..inds of communities. repre,>entations. go\'ernmcntalitie!.. interactions, 
ideolog ie!.. subjectivities and corporealitie .. attached to information and 
nlOlIllunication . Many artwork .. associated with "nc\\ media." it~clf an 
unsatisfactorily loadcd term in tnilll) ways. have thematized embodiment. 
identity and indeterminacie!. in .. patia l location.' 

In comparison 10 the high-profile a<;pcct~ of cyberculture (virt ual reality. 
artificial intell igence, th!.': web. g.lIlling. online comm un ities). code object'> 
h:l\'C had uneven visibility and .,ignifieancc. Bec<lu .. e these objects form a 
largc part of the material fabric of information '>yswm" and new media. 
somc have called for new media "Iudies to begin analYling informat ion 
infra .. tructures (S. Graham 20(4). Thc'>!! call .. highlight the role of 
"information mythology" (Bowkl!r 1994) in disguising the material ba<ies of 
nr.:w media and information technologic ... They point to the practical 
embedding and interweaving of codc objech into e\cryday life: 

[NI~ media (echnolngi~\ arc heing "Ou'n '0 cOI1l[lletc1) inlo the faorie of 
cl1!l)da} urban. <;ocial and e(;ormmil: lifc th;lllhc),. in lurn. arc hei,'ollllng more and 
mnre ignored in l:ultural and media di...:oul'C. AI Ihi, point. par.Klo\ieaHy. 
tl"<:h nologic~ arc mol'\! importanl than c,cr. I"nr al Ihl" limc. Ihe <Mx;iOlechnicat 
configuTalion\ of politic,. rc[lI'\!'oCnt'l\llln. 'p;llIatil) .md JlOy.cr Ihal lend 10 he 
cmbodied by. and perpetuated Ihwugh th~l1l. lend 1\) he e",~n hanler 10 unearth and 

anaty,c. (Graham 201J.'. B) 

There are many aspect<; 10 this increasing invi .. ibility of the interface to 
code objects. and their opacity has not ihdf been well analyzed. The quote 
fr.o.111 Graham simply mention<; e\cryday lif!.': without diffe rentiating the 
dllferen! kinds of weaving and withou t <;pccifying which <;oftware i<i 
becoming harder rather than ea!.ier to an;tly,e. 1 
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Code and ordinary language 

How did code become opaque or illegible? German media theori .. 1 and 
literary hi<;lorian Friedrich Kittler suggests thaI the opacity of .. oft ware Or 
code stems from competition bClween software and "ordinary language": 

Progr.umnillg 1,lI1gu,lgc, ha\c eroded the monopoly of ordinar) language aud gro .... n 
into a ne .... hicr:m.:hy I)f their own. TIti" postmodem To,"cr of Babel reachc,> from 
'Implc operation code, y,ho<.e hngu;'!ic extension il> slill a hardware configuration. 
pa~~lI1g through an ,Ls;,emhlcr whose extension is lhi~ vcry opcodc. lip 10 high-level 
programming language ...... ho[,(: ('demion is that very as!;Cmblcr .... Whll! remain, a 
prohlem j, only rccogniling these layers, .... hich Me modern media lechnologlc' III 
general. ha\c been explicitly conlriH~d to evade perception. We \Imply do not ~nu .... 
.... h:u our writing doc~. (Killlcr 1997. 1~8) 

In thi ~ p'I'\~age. which summarizes a complex argument . the problem of 
code hinge~ on the way it competes wilh ordinary language. Kittler write~ 
that "we simply do not know what our writi ng does." TIle gencra l problcm of 
code. he argue~. i~ that "it ~eel1ls 10 hide the very act of writing": in fact. the 
inscription~ that rc"ult from this writing "arc able to read and write by 
thelmelve~" (Kittler 1997. 147). Amplifying Kittler's take on code would 
mcan tracing. on a ~mallcr sca le. what kinds of "ordinary language" 
articu l ation~ are being crodcd.~ 

One dimcn<,ion of erosion of "the monopoly of ordinary language," 
according to Kittler's argument. can be locatcd in codc's "e\a'lion of 
perception:' The <,urfaces on which codc is inscribed arc heavily 
technologically <,cdimcnted and layered. TI1C contraction of electronic 
circuit s in to incrc:l~ing ly comprcssed convolutions. a procC'lS '1timulatcd by 
the '1trenuous market competi tion belwecn scmiconductor manufacturer<, in 
the United States and Southeast A<,ia. means that a'l inscription ... shrink down 
on the semiconductor sub~trates. layers of code pile up. The path from the 
high-level in terface~ to machinc level becomes mort! and more torturOlI'" and 
involuted as it runs through switchbacks up and down Kitller'~ po~tmodern 

Tower of Babel. 
A second cha llenge to thc monopoly of ordinary language stem<; from 

that fact that code makcs no pretension to bc a common language. Despite 
the qml<;i-univer~al resonancc of thc term "code,'· programmer<; have not 
inventeu any E ... peranto. Rather. code has dispersed into a cacophony of 
different coding languages. <;ollletimes hierarchically related .... omctime<; not: 
FORTRAN, Pcrl. Prolog. C. Pa'iCal. Applescript. Java<,cript. Action<;cript. 
HypcrtaU,. LISP. Python. Java. C++. C#. etc. The \pawning. mutating and 
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cloning of different idioms of code. and indced of different \ef',iom of 
~illlilar softwarc applications or ··"olulions·· gcnerate .. code babble. Therc arc 
many banal manifestation ... of thi~ di ... integration. The need to constant ly 
upgrade software to fix bugs and cn"ure compatibility. the struggles to 
,tantlardize protocols. and the proliferation of clones and variants of the 
~ame application all atte\! to this codc babble and to a multiplication of 
coding dialects. 

Kittler diagnoses code as <;omething Ihat people rcad and writc yct 
cannot comprehend becau .. e it ha~ been encrustell with a layercd architecture 
that \equesters code in inaccessible interior spuce<;. The inaccessibility is 
abo temporal , as the lIuration between rcuding and executi ng code falls 
bencath the threshold of perception (t hat is. million ... of instructions per 
,econd). This is usually analYled in terms of an opposit ion between li ved 
human time, the time of language and perception. and the instantaneity of 
technological execution or digitally clocked circuit sw itching. Thus the 
problem of code's opacity can be focu~ed on tho<;e who rcad and write code. 
Codc is so ubiquitous that it .. hould be an import ant material for cu ltural 
practice, and representation. but it i" relatively invisible. backgrounded and 
forming part of what Thrift (2004b) tenm a "tcchnological unconscious,'· an 
"atomic ~lructure" that producc~ form~ of po\itionings and juxtapositions 
(177). Most people don't spend time working. reading or playing wit h code 
as such. 
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Making code readable 

Recent artworl.. ... ha\'c begun 10 address some of the i..,..,ue ... concerning \\-ho 
read ... and \\ rile'" code. and under \'"hal condi tion s. Net art and \of!\htrc art 
are particularly u"t.!fui in explori ng code becau ... e they u.,uaUy pn:..,c~t 
rclaliYe ly ... imple configuration., of ... oftwarc. the) have .111 lI1~Cn.!"'l ~n 
rendering \ i..,iblc or readable their own workings. they arc cxll1bllcd In 

\<lriou\ fcslivah. mu..,cum .... galteric.'> and online rcpo.,itorjc~ and they attract 
commentary and crilici<,m. Rather than theori7ing these ar\worJ..o.. in tcrm.., of 
what they reprc",clll. it makes sen .. e in this context 10 treat them as 
participating in contest<. occurring arou nd Ih~ agency of ..,uftwarc., ~n each of 
them, code becomes the .. ubjcci and matenal of the artwork. I he work~ 
~how a ~emibi lilY 10 the conte ... tation ... of agency a ... ~oc iated with code a,nd a 
willingne..,.., to experiment. In each case. code is not just used :I~ an Inert 
material. Like canvas and paint. eode as material becomes vl ... tble a'i a 
problem, as something who'iC visibility or readability i.., que ... tion,lblc fro m 
different angles. including tho~e of " Iaw" and "life:' . . 

One problem for arlworh that make use of code ...... a material t~ 

conveying how code can be read. As we will sec. certain coding practi~e'i 
aHempt to get beyond the opacity of code in different way .... and with 
different mOli\alions. The fir'it work \IC']] examine. an example of "Perl 
poetry:' definitely lie .. at the banal end of contemporary art :lJld literature: It 
explicitly link.., coUe to a highly \aloril.cd form of \Intmg and reading 
ordinary language. poetry: 

If light \.\.:ro! dark and darl.. 
.... ere hghl The 1ll00U a htal'l.. 
hole in Ih.: hlMe (If night A 
raven', wmg .1" hright a.-. lin 
Then )()U. Ill) 1l)lc. \.\ould be 
darl..cr than 'Ill 

if ((light eq dari..) && (dark 

cq light I && 
(SblaLe of night (Illoon 1 = 
blad .. hole) && 

($raH"n~_ .... inglbrightl --
Stinfbrighl))11 111) 510\': = 
$)ou. S~inldarknc,\) + I: I: 

(Winlcrhol\ll!ll. A 20(0) 

The pocm on the left i<, from Edgar Allan Poco the code on the right i'i by 
programmer Angie Winterbollotll, who \von the Perl Poetry Prile in 2000 
with thi .. entry, It is writtcn in the popular programming languagt..! Pt..!~1. Thl! 
work translitcmtes the poem line by line into a compound conditionallf·thct1 

.. tatemcnt. Aptly. Perl wa ... developed by system admini'ltralOr<, to alloW 
program .. to be quickly written for ad-hoc purposes. <,uch a .. rt..!naming ;l 

large number of file ... or tidying up the formatting of " text document. II 
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became particularly important in the de\t..!Iopment of early interactive 
websites since it allowed web 'It..!nt..!r .. to generate IITr...1L \\cbpage .. in 
re .. ponse to requc .. ", from brow .. er ... 

From most .. tandpoinh, Perl poetry is kitsch art. the computing 
equi\'alent of dabbling in paint-hy-numbt:rs. It docs, hO\\cwr. touch on two 
issue .. around reading and \\Tili ng code: \\ hether code is a craft. and ju .. t how 
much creativity i<, inmlved in it. Programl1lt..!p~ sometimes present the 
proce ... s of coding as creative. Tht..!re i .. a folklore and hagiography of famous 
programmers and hackers fLohr 2002). Son~e famou<, figures in compute~ 
"ience. such as Donald Knuth, arc knowll tor the elegance and beam)! at 
code fragments they have written (Knuth 1968) or a~ proponent.. of 
ae'lthetically formalized styles of programming (Knuth 1992). Many popular 
accounh of hackers valorilC cond'le or compact code that tend .. to be 
opaque, The rules of the International Ohfuscated C Conte~t (laCe 200 .. 1.) 

prize obscurity and illegibility a .. indicators of the highest aest het ic value. 
The source code for typical lDCe ent ry is a reading pUl.£lc. even for 
experienced C programmers: the rules cncourage the mo<,t arcane. or 
e<,otcric formulation ... that sti ll execu te reliably. 

The domain of code poetry seem... a relat ively innocuous and 
inconsequential activity that ha... more to do with programmer .. ' se lf­
identification as "creative" than with an) problcmatiz<ltion of eode per se, 
The quite banal judgment.., about the merit.. of onc code poem mer another 
reflect values from the domain of ordinary language. Reading and writing 
I.:odc arc governed here by nonm and not ions of agency derived from 
litcmry art form .... 

Who is allowed to read and write code? 

In code poetry, of which Winterbottom (:2000) i~ just one example. Ihe 
neativily of programmer<, stand ... in for larger claim ... over who can read or 
write, for a wider cultural and transnational conlr..: ... tation of agency. These 
n!llions of agency find other echoe~ on tht..! highly kinetic surface of the 
Contemporary codescape. as when prograllllllr..:r~ in the United States and the 
United Kingdom mount industrial action ag:limt the ou!\ourcing of 
~rl)granllning work to India and other oft\horc labor rnar!.;ets (Pin!.; 2(04). 
rhi.., i~ an ironic twist "ince progranllner .. ha\'e long been intensely involved 
In bUilding the communic;:lIion lletwork" and sY'ltem.., of collaboration nO\\ 
lacilitating their own obsolescence. One of their key cJainl''l i.., that whi le the 



• 

28 Opening code 

Indian programmt.!f .. arc extremely technically proficient. the) lack the 
creativity to bring about the nC'(1 generation of innovation" in \ol\warc. in 
interface .. and in new media application ... "What corne\ afler .. en ice~') 
Creativity:' wrile" Chri .. Ander .. on (2()().t). Wired magaLinc'" editor-in-chief, 
implying that thi .. i\ an e"sential component that the Indian or Chine~ 
'ioftwarc indu .. try lac"". Whether code can be brought back to ordinary 
language :Iftcr it become., poetry. Kittler'.., explanation pivol,> on the 
competition al the core of conlCmporary information "y"ICI11'-'. The layered 
structure. the (Ower of code babble. affords no panoptic ,iew on what 1\ 

inscribed in .. of"tv,.:arc or what .. aftwarc does. 
Sometime ... code i ... obfu.,cated for other rca..,on..,. Many of the debatc~ 

over open-source \oftwarc have taken issue with control.., impo .. ed on code 
legibil ity. Legal comtraints on the visibi lity of code lie at the center of some 
!:o ignirican t legal events. One of the fir!.! application<, of the U. S. Digital 
Millennium Copyright Act of 1998 (u. S. Congress 1998) concerned 
decryption <,oftw:lre for DVD\. Under the act. breaking or circumventing the 
encryption on any software program is a federal crime. Encryption of the 
contcnt of DVD ... 10 prevent them bei ng copied is carried out by Ihe CSS. the 
Content Scramhling Sy<,tem. In 1999. the hacker magaLine 2600 I)() .. ted on 
its web .. ite a piece of \oftware called deCSS written by Jon Johansen. a 
Norwegian teenager. The .. oftware breaks the encryption on DVD..,. enabli ng 
Linux-ba\ed computers to play DVD.., (when encrypte<.l. DVD.., can only be 
played on commercially licen .. ed operating .<.y.<. tem ... ..,uch a.., Micro<,ofl 
Windows). Repre ... enting the American movie industry. Uni\er.al Studio\ 
sued 2600' .. publi\her. In 2000. the court ruled again .. t the magaLinc (2600 
2002). A later c:t\e again .. t Johan .. en. riled by the Motion Piclure Indu'>tf} 
A .... ociation of America in Norway. faile<.l: in 2003 a Nomegi;m court found 
that Joh.ul\en ha<.l done nOlh ing illegal in writing the deCSS .. oft ware. 
Meanwhile. the ca\e in..,pire<.l programmers to produce many different 
expre'i,inn\ of the algoritl1ll1\ Ihat deCSS in\tantiated. In .. 0 doing. the 
programmer/ani .. t'i :trgue thai computer languag.e i .... peech and 'hould be 
protected under the Fir~t Amendment of the U. S. Conl,\itutinn. the right to 
freedom of weech. 

Following i'i a fragment from Seth Schoen's long poem " How to decrypt 
a DVD: in haiku fo rm": 

Arr.L)'~· clemen!' 
,tar! wilh Icm and t.:oum up 
from thc("\!. don'tlilrgel t 

hucgcr. are lour 
h)'tc~ long. or Ihtrl)-II"" hil,. 
.... hit.:h i, thc ,;unc thing. 

o~ning code 

T,l decode the'\(: di"<:,. 

Hill need a ma~ter ley. '" 
iurd", are lcndOt""'i get. 

IThi' b a "pla)er 
le~' and some folk' other than 

\cndor ... km", Ihem nil". 
If they didn·t. lhere 
s ahn a .... ay not 10 

JlC~-.lllfle. 10 ~Iart oft.) 
y"u'lI read a "disl kc)" 
fWIlI Ihe disc. and dcrrypt il 

'" Jlh thai player key. 
Y<IU'n read a "tille 
lcy' for the "ideo file 
Ihal you want 10 play. 
\\ ilh the disk key, yuu 
can decrYPlthe tille ley; 
Ih"t decrypts the sholl,. 
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tSchoen 2(00) 

In another ver!:oion of the DVD decryption code. Ihe algorithm for 
deaypting DVD is wrillen in much lov.cr level machine code. The code wa\ 
printed on t-shi rts and turned into variou'i kind.., of imag.e ... \uch as the DVD 
lugo (Touret7ky 20(4). Code meant to be read by machine~ is made 
readable. in principle. to a litemte public. The poem and Ihe t-\hirt'i are two 
III' the many "artworh" arguing Ihat code 'ihould be protected under freedom 
(If .. peech. All of Ihe artwork .. make the ... ame point: Ihat code should he 
undeNood as form of expre\\ion. not a.., a technological object. mechani .. m 
or a function (Tourel7ky 2(04). 

Code is execution 

Tl~i<, argument was not successful in court. The Irial judge \aiu that coue was 
a lunction . not speech: 

Computer eode i .. cJ(prc",ive. To til;!t c,h.'nt. il i, a malta 01" Fir,t Anwndrnent 
mnccrn. BlII eomputer code i, nOl purely e,pr~,'i\<' an) mol"\' Ihan the 
:l";t\\inalioll of a politic;!1 figurc i .. purely;) politil'al ,Iakmcnt. Code cauo;e, 
Cllml'uler. to perfo-rm dC~lrcd function ... It.. C\I'("\!,,(\e elemcnt no morc immunizcs 

II.. fUndional a.'ptth from regulalion Ilhln the e\prC"I\e moli\c, of an a~\;ls'in 
Immunize the as~a,~in· .. :Klion. 

Executable source code wa\ nOl \ubjcci to Fir..! Amendment protection 
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becau<;c ih "functional a<,pec"," need to be regulated in the .,arne W:ly that 
any gesture or act i..,. ExeclItion i ... cquivalcllllo as<;u.,.,inalioll. 

~he court" ... attempt to regulate the "functional a'>pcc,\" triggen:d many 
creatIve re..,pon..,c .... Thc,"c rc .. pon .. e .. pre .. ented in .. truclion'l for dCl.:fypting In 

way .. th,at blurrl!ti the linc bclv.ecn coding and ordinary language. between 
cxpr~""lon and ~xccuti()n. Although Uni\cr\al Studios Ihreatcnt.:d to "ue 
\\"eb\'"e .. pubh.,lung the proliferating vcr.;ion .. of dcCSS. it didn"1, The 
que.,tloll of whether code is .. peech (and therefore art) or merely a 
technology, ~a .. not been Ic.,ted in higher court<." An appeal again .. , the 
deCSS deCISIOn \\a\ 110\ mounted, despite rna .... i"., ... upport from academic 
and rc<;card~-ba ... ed computer ... cienti~t .... cryptographer ... and hacker ... who 
almo ... , ulw.nllllou ... ly argued that code i ... a form of ~peech. An :lInicu .. curiae 
("friend of the court") oriel' depo .. ed by a group of prominent American 
compu ter ';cientj.,h. cryptographer ... and programmer., argued their point: 

It e<Jnnol ..cri()u,ly he argued Ihal ;my form 01 compulcr code nw} he n;gulaled 
\I uhoul reference 10 liN Arnendrnenl doclrine. Th.- ra[h lrom ide<l [0 hUIl1<ln 
langu<lge [\I \(JUre.- (ode 10 ohJeu (ode i, a conlinuum. A\ Olle mme, lrum nne 10 

Ihe olher. Ih.- le\cI, oj prcci\ioll 'lIld. arguabl). ah,mll'lion inerc<l\C. a\ doc, Ihe 
Icwl of Imi ning rlt'Ce',ary In di '>I,.'crn Ihe idca from I he e\pre"ion. \.;nl e\ en on.- (;m 

unde .... tanJ C<Jdl oj the,e lilrnh. Only I::ngli\h 'pealer; ""ill unJcNand- Eng!i'h 
Jormul;UIIlIl'. Prml'Ip'llIy tho'oC famili<lr .... ith Ihe particular prograllllning langu'lge 
\lIU umlcl">t,tnd Ihe ,.oUfl:e (ode e~pre"ion_ And only a rclali\cI) \m<lll nUIllOcr 01 

'''llled progr<ltnllK'I"> and (OmpUler ...:iellli\l\ \lill und~''''land Ihe Il\;l(hrne rc .. dahle 
nhJo.'Cl clldc_ BUI ca.;h furm e'pre\..c, the \aJnc idea. albeit in Jiffcrcnt \\<l)'. 
{Ahcl\(ln ('I aL :!(X){)j 

Work., lil<.:e "deCSS hai"u" anempled to problematile thc notion of code 
a!l techl.lic .. l function. to re .. i ... t the legal regulation and eon .. equent 
obfu .. catlon of cooe. When tram.formed into an ar!\, .. or" or other form of 
e;\pn!~\ion. code would become something \\.ho\e circulntion \, .. ould be 
indi\putably protected. at lea .. t in the United State .... by con ... titutional 
guarantee .... MO~I of the re';pon';e ...... upporting Ihe dd'end .. nt in the deCSS 
case maintain th~lt code i ... on :I continuum with "human language." even if 
not exactly "ordinary language." even if only a "\Illall number" of \killed 
peop!e will ~ndcNand the machine-level formulations of il. The qlle"'lion of 
code ... functional 'I"pecl-.. the elTect .. or even" a ...... oci .. ted with execution. 
remained un:lddrc~,cd. In an echo of Kittler's mordant "we do not I<.:now 
what ou.r ,:riljn~ doc,." the defendant's ca .. e wa,; .. eemingly :Irgued through 
a r~pudJatlon Of. ~ny cffeCl ... fix language or expre"ion beyond the act of 
';~l)lng Ihelf: ..... 11. ~"ngllage. even in the relative preci .. ion of computer code. 
h.I'i no effects,:I\ II language doc .. and can do nothing. 
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Code is law 

.\rllund the same time a\ the Digital Millennium Copyright Act and the 
dcCSS court case of 2(X)O. other fOrlm of compet~tion \\erc changing the 
n;llUrc of the Interne\. the \\-eb and cuhur ... ! formatHlIl" of cyber ... pace. The 
Internet was being hea\ ily commerciali/cd h) dotcom enterprises. The 
roJuction and circulation of c{x.il! were ta"ing on a I..C) .,ignificance in the 

~t!w economy of information. Lawrence Lc~,;ig',; influential Code (lnd Olher 
U.H\'\ of Cybenpace appeared in 1999. For I.e ..... ig. \oftware wa .. no longer 
;mother object of regulation. bUI ihelf a form of regulation or law. Rather 
th;\n being part of an invi .. iblc infra .. trllcture that allowed people to 
communicate or consume through the Internet. or being a form of expression 
of idea .. , code. Lessig argues. is Ihe .. ociolegal fabric of cyber .. pace: " In real 
..,po.ICe we recognise how laws regul"te- through con<;titutions. statutes. and 
other legal codes. In cyberspace ,ve mu .. t lIndcr ... tand how code regulates­
how the software and hardware that ma"e cyoer .. pacc what it is regulate 
q'bel"ipace as it is" (Le\.,ig 1999.6). lie g()e~ on to ,;ay. "We live life in real 
"'pace, subject to the effect ... of code. We li .. e ordinary live .... ~ubject to the 
cffcct~ of code. We li,e ... ucial and political livc ...... ubject to the effects of 
code. Code regulate .. all the\c a"pect., of our live .... more pen';\'~i,cly over 
time than other regulator in our life" (Lcs .. ig 1999. 233). Thu ... Le.,sig 
equates code in the sen ... e of <'oftware \\. ith code in the .,cn<,e of law: rather 
than being regulated by government legislation or international agreement .. 
dcsigned to protect intellectual propCrl). codt.' it .. elf i .. hI\\.. it is an 
authoritative norm. The ,;econd equation of An Elecll'Ol1;ClI fc.,ti\ar~ 
\ubtitle-"Code = Law"- \I,.·a ... quoting Le.,sig (Stocker and Schopf 2003). 

Lessig's book .. truc" a chord with "technolibertarian" programmers in 
North America. Europe and Australia h\!c:lu ... e it r:tn"ed codc ihelf as one of 
the foremmt political site ... in cyber,;pacc. It wa'; widely promoted by leading 
figure\ in the software indu .. lrie ....... lIch ..... computer hook publi.,hcr Tim 
O·Reilly. Enthusiastic re"pon';e\ confirmt.'d the perception Ihat c{xling. rar 
from being just another relatively well -paid form of new media or 
cngi neering work. was becoming a ~ite of ... ignificant conte ... tation between 
teChnOlogy and law. When O'Reilly. an opcn· ... ource ,;oftware evangelist. 
reviewed Lcs!lig's book under the title "You Mu .. t Read Thi,; Boo"" 
(O'Reilly 2(00), his readership was principally composed of programmers 
and hackers. professional and nonprofe~,;i()nill. Hi ... injunction \\.-as very 
clOsely linked to the book· ... promotion of programmer .. ' own agency and 
Contributed to the subsequent fame of Lessig us a eyber-advocate. Wherea .. 
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the dcCSS conte .. t wa ... framed heavily in term .. of U. S. con ... titutionai la'4' 
and the right to free ... peech. Le ..... ig· .. argument took a .. Iep further, 
Accepting that code i .. a form of expre .. "ion. he aho propo .. ed that code or 
software (the di'itinction \\a'i not alway" clear) had an a ..... ociated force. In 
almost outright contradiction to the eminent amicus curiae brief. Le'i .. ig\ 
argument framed code a ...... omething that possessed authority. 

The authority of code: Executing software art 

The a ...... imi lation of code to law remain ... problematic. In what .. en ... e i .. code 
law? Is it ju .. t bccau ... e it includes cla ..... ifica tions and convention ... that 
su pport social leg,,1 nonll\ govcrning peoplc's behavior? Or b there 
something ehe in ih ve ry mode of exi .. tence that i" law-like, that po ...... es!;cs 
some force? How. in 'ihort, doe ... code accrue any authority? The new-fou nd 
equation between code and law presen t in Lessig's ana ly .. is hinges on 
something that m"chine execution add .. to expre"sion. Thc relation between 
code as speech and code a ..... omcthing that exercise .. authority lies at the 
core of 'lome \oftware art. Some "software artiq'i" (a\ di ... tinct from 
programmers who wri te code poetry) trenchantly criticiLe code art or code 
poetry becau .. e it doc .. linle or nothing. In their \iew, code poetry i .. pallid 
and deracinated bccau'ic it \eparates execution of code from its de ... cription. 
When executed. the code of Winterbottom (2000) doe ... nothing \pec ial: 

Alilhal ha' becn (kn1(ln~!r .. lIcd !, an ;1\.'1 of Iran\lalion from an c,i~tin!! tc,!. 'unrl)' 
'porting' c\i'ling poClry inw perl. II produce, poelry III a cnn\l::nuI)nal \Cn..c. 
po\~ihl)' e\prc\\ing ,orne dcvcr "lIrd order and grammmical changc~. bill doe~ 
litele 10 arliculalc the langll;!!!e of perl in il'Clf When you c"cule perl poelr} in lhl\ 

WiI)" il 'Imply rcpc;!l, 1I\Clf hul doc~ nOI ad.no"ledge il~ e'(cculion. II I~ Ihi' 
IJpcmli\C [unchon Ihal i, all "..emial of pari of Ihe c"perience of poetry. (CIJ~. 
Mclean. and Ward ::?O(2) 

"Acknowledging execution" i" the critical difference between code 
poetry and software art. A ... hort piece of computer code called fin·kboll1h.pl 
that does acknowledgc its execution won the 2002 Transmedia le Art Pritc in 
Berlin. It wa ... written by Briti ... h arti\t Alex McLean in Perl, the \anle 

language popular with code poet .... "Forkbomb" rcfer<; to a <;ystelll cra.,h 
cau'ied by an exponential growth of proce .... ies. The entire ... ource code, the 
code written by the programmers .. for fi)rl.:.bomb.pi is li<.;ted below: 

die "Plca-.c: do nllt run !hl' -.cript ..... lIhout reading the documentallon" 
if nOI Iii' ARGV: 

opening code 

Tll~ S,IR'n!!lh = SARGYIOI + I: 

" hi Ie I not for\:.) I 
e,it IInle" ·-S'trcnglh: 

prinlO: 
Iwi~t: "hile (fml..) I 

e,il unle" .·S,trenglh: 

prinl I: 
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The pre.,ence of code in an art object i ... not unique., Computer artis~s 
" ., ".orkin" \\ith it \incc the 196(h. i McLean ~ forl.:.hombpl I~ 

~ ••• en. . .. 
. . .. ', however becau ... e the code Itsde .1'" \,e11 a .. any effect It mIght 

ol,uncll ... e• .. . 
pmduce in execution, i1> pre~ented a ... the work. A ... a con.t empor~ry a~t ob!CCL 
"x1e here become!; somelhlng that overflow ... producllon, U~I;: or exd~,Ulge 
\alue amI explicitly seeks 10 po ... c i",clf a ... tile ohjeet of atlenllon. a ... an mdcx 

Ilf different agencies in relation in a ~ocial ndworJ... . 
In their judgment, the Tran<;medialc jury wrotc Ihat ·:Jor~JJo/llh.pl was 

awarded Ithe prize! as a crafted code which i ... lramformcd mto an ~rt ~f 
te,hnicaltransg re.,sion" (Transmedialc 20(2). It can only be tran\gre!;slve If 
it puts norm .. or conventions into que ... tion. What norm" or con.\'cntiOll .. docs 
jilrl.:.holllhpilransgres';? What " .. pect of the code i ... tran .. gn.~ .. \~vc? Do th~se 
tran'grc ..... ion., tell u\ anything about hO\\ code could gam a law-hke 
auth(~ritY? The jury's comlllen'" contra ... t wilh other. le\~ ccle~ratory 
re,[Xm ... e~ to Jorkbomb.pl. Hacker Eric Raymond wrote. "Creatlllg la 
fllrkbomb! .. eldom accompli\he\ more than to bring the ju ... t wrath of the 
gOlh down upon the perpetrator" (R.lYlllond 1996,203). 

How does software run? 

The code quoted above ha ... 10 be executcd <\<., Perl code on an operating 
'y,telll furni shed with a Perl interpreter. When it i, run, it ... imply prin", out a 

'tring of I., and Os like the following: 

()1I11)111I1OOOI1I II 11000I1IOIOIIIIIII1I! IIOtK)()()llIIOOlIIIOOOOIIIIIII ]()Olll 
IUlIOIOIIIIIIOIOIIOOOOIIOIIOO!OIOOOIOIIOIIOIOOIK)OIOlOO! 11101 11M)] 11111111 

O()lllfHOlOOJOlOOOtOIIOOlll1tl 

The marks both provide an undccipherabh: .. nap ... hot of the operating 
') ... tem a ... it i .. currently i .. and in ... ome way\ change that "'y"'lcm. Judging by 
Ihl' mode .. { output. the perceptual complexity of the work and the ac\thetic 
sen~ations it immediately elicit ... arc minimal. to ... ay the Ic.N. It hardly rate~ 
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again ... t the iconic den ... ity. color and carefully de ... igncd layout of the average 
computer interface or the ... pcctacular \i ... ual detail ... eell in the latcl,t 
genemtion of com.ole computer gamel,. In the ca ... e of jorkhomhpl, the 
executing pn)ccl, ... ha ... no clear political or aesthetic ... ignificance. Thc outPUt 
of an executing proce ...... generate ... ordered 0 ... and h. JUl,t a ... coding involves 
editing text according to rule" expre~"ed 1,) ntacticallj b) a programmi ng 
language. the work done by executing code i ... mundane. not llly,>terioul,: it 

generate'> ,>equencc ... of mar",>. 
Where doc .. the "function" of !>oftware occur. if not within ... ueh 

... equence ... of lmlrb? Function. "doing ... omething," executing. running-all 
need to be analY/ed here in relation 10 an authority a ...... ociated with 
in ... c ription. Cultural theory hal, argued that the authority of any utterance 
depend.., on how it invokel, and repeats a prior set of convention ... (Butler 
1997. 51: Derrida 1982). The concept of performativ ity. doing through 
..,aying. became promi nent in cu ltu ral and political theory a~ a way of 
untangling the mixture .. o f nami ng. acting and expressing fou nd in any 
utterance founded on ... uch conventions. If we accept that all code indexes 
some utterance (as per the model of exprc~sion propounded in the dcCSS 
case. and a ... per the more general model of the software nexu", dc<;cribcd in 
the pre\iou .. chapter). then all code-utterance is a" ... ociated other function!». 
including tho .. e a ..... ociated with the power of legal authorit), (a<; per Le<; .. ig\ 

influential argulllent). 
Some u .. erul purcha ... e could come frolll analyzing the prior comention, 

invoked in code. (A fu\ler analysis of the performati"ity of ..,oftwarc a .... ai" 
the following chapter.) What would this approach me'ln in term .. of 
analYling j(lrklwmh.f'! a~ piece of code and addre .. "ing thc quc ... tion of how 
code exercisel, authority? The arti"t Ak< McLean wggesh that j(I/·k!wmlJ.pl 
be seen a ... proollcing a "watermark" of the functional coupling of (In 

operating ... y .. tem and hardware platform. Every operating ... y ... telll and 
platform wi ll produce a different output. Even the .. ame computer wi ll 
produce differen t outpUh depending on what other proce ...... e ... arc running at 
that lime (Cox. McLean and Ward 2002). Running it a few time ... bear ... this 
oul. On '>Ollle occa ... ion ... !orkholllb.p/ .. bomb .... · a computer by coloni/ing the 
operating sy ... tem with an e>.ponentially growing number of clone ... of the 
!o,.l../wlllh./l1 proce ... s. Like vi ruse ... I,uch as Lo\eBug. each clone recur;ivcly 
genemh.:s copies of ihelf: hence the Tran ... mediale jury refer'> to fin·khomh.(,/ 
a'> "tran ... gre ...... ive:· A<; thi ... ",uggesh. jorl../wm/I .,,/ i ...... omcwh'lt I,clf­
referentiaL a\l it docs is copy it ... clf. At the same time. it ... wor" relics on tWO 
distincti"e features of contemporary multi-u ... er interacti"e operating 
I,y ... tcms. The key lines that point toward" both material ~ingularities within 
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. ",puting environment and traits of expre~,>ion within the code are 
the 1,;0" . r 

I 
readable from the code tt ... el : 

dlre..: t ) • 

e\it unle~s __ S~tr\'n};th: 

In effect. jorkboml).l'f relic .. on the presence or a "fork" operation within 
the progralllming language Perl (not all programming language ... have such a 

..:on'>truct ). 

Fork: The interpenetrating contexts of code 

Perl's fork operation owes il'> existence \0 the fac t that Perl was or iginally 
de'iil!ned by a compu ter ... ystelll adlllini~t,...tor for u ... e by other ... ystem 
adnl~ni ... trators. Unlike many programming language de"igner!> working in 
academic computer c,cience department ... or in large corporate or inst; tutional 
!l!,>l!urch em,ironment .... Larry Wall. the language dl!signer. was working 
!luring the 1980s as a s)''>tem admini,>lrator in a corporate en\ironment on 
thl! \Vest Coast. somewhat rcmo\'cd from the theorematic agenda of 
compuler sc ience as an academic di'>cipline (Mood) 2001. 132). The 
mOli'ation for Perl. according to Wall. stemmed from an unoccupied 

"ecological niche" in existing. computing en' ironment 1,: 

Wilen I started de~iglling Perl. I c\pli(ltl} -..:t out \0 dc,on~tmct all the computer 
t ~nguage~ I koc .... and r~'C(>mhllle liT rcclln,trud them in a different .... 3). bccau'><! 
lher\' .... ere man} thing:' I h!..ed no..)ut other langll,tgc'-. and many thing ... I d;~hked I 
lo\;ngly reu~d feature" tronl 1\l0l1l) l'U1guage' ... To the ("tenlthat Perl ru\c~ rather 
than ~ud.:~. it"" bccau\oC the "triou' \calUre" (ll tht"'" lallguage' ruled rdther thOlIl 

'u~ked. (Wall 19(9) 

Dati ng from 1987. Perl all'lined almo"t unri"aled popularity. first as a 
Lin; x system administrator· ... tool and later in the mid- to late 1990" as a \,>eb 
program ming languag.e (largely bccau ... e it lies midway between low-level 
programming language ... 'oUch a ... C ano high-level ~oftwarc tools ano 

applications). 
Perl has a fork operation hccau ... e the for" wa ... the ba ... i .. of the 

multiprocessing capabilitic ... of the Unix operating I,y ... tetll .... omething that 
n~a.rly every operating .. y ... tClll today ... hare .... A ... one of the designers of the 
l-nt x .. y!.tem write ... : "The ... y ... tclll call for"- create ... twO nearly identical copie ... 
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of a process. One copy i .. called the parent and the olher Ihe chi ld. In the 
parent proce .... ·'. forI.. return ... the proce.,s number of the child. The value 
returned in the child i ... O. If forI.. l.'annOI create a nc\\ proce ....... it n:turn .. -1. 
This can happen. for example. when the "'y!.lem prot!!., ... table I') full. Of if the 
fork cull i .. interrupted" (Bourne 1987. 135). 

The transgrcs"ion embodied in ./orkhnmb.p/ i~ not purdy technical. The 
use of Perl to c.'<prc .... and execute the fork bomb implicitly n:lic .. On 
coO\:ention.., Ihal <,chcdulc the order of competing computing procc ...... e' in 
operating .,y"tem ... The \\ork becomes tmnsgressive in relation to the modes 
of ordering and governing of work and action nearly taken for £rarHcd as the 
operating sy ... tcm. If. :\\ sociologi<,t Scot! La,>h points oul. opef:lting '>y'>tcm\ 
arc one of the mo<,t important "lifted-ouC spaces within contemporary 
technological culture<, (La<,h 2(02). /u,./.;.bolllb.,,1 can only be tf:l1l',grc<,<'ivc 
within a <,ystem of norm<, already practically undcr..,tood as a form or 
regulation. The question here i..,: What nexu<, of norm'> and authority doc~ 
somethi ng like an ol>crating ,>y<,tem entail today? 

Ju..,t like code poctry. <;oftware artwork like fnrkbolllh.,,1 could be 
critici7ed for it'> formali\lll. It has certain ly been dismis\cd as a "hack 
attack." One irked rc\pon..,e. echoing Raymond'.., skeptical view of 
forkbomb\. Hill..,: "00 hack attack<, now count a<; art'.' Viruses'} Wouldn' t an 

obfuscated program 10 completely era\c the di..,k of the <,ubject .. ystem be 
c,'en more 'crafted' and an even greater 'technical tran<;g.rcs<;ion: and 
therefore. c\en beller art'} Will <,eeing it as art be a defen .. e in compuh.'1 
crime lriai'> now"?"(Pcrmungknh 2002). This objection. although suggestiH: 
of some other ..,oftware artwork .. that have or will be created. prh ih:gc' 
execution al the expcn<,e of c()(.le il,>elf. The arti..,1\ Ihemsche.., in..,i .. 1 on thi\ 
point: "code :Itld the e,(ecution of the code need to be experienced in parolkl 
This i.., both nece<,sary and impossible for generative or aulOnOIllOU-

sy<,tem<," (Cox. McLc:lIl. and Ward 2002). Going. beyond the Perl poetry and 
the deCSS haiku. for/';'homIJ.pl .. eek<, to hold speech and action. text and 
function together. Rather than code a.., <,pcech, it combine'> speech \\ ith 
action. That execution. like the deCSS code. can be read a .. tran .. grc<, .. in ·. 

Here the transgrc~~ion concern<, nOi "'0 much a ,>tate-supported legal .. )'~ t e lfl 
to regulate the reproduction of digital media but rather the operating ..,)'~ t c ln 
as a privileged technological .. ite regulating conduct within cotllcmponlry 
technological culture. 

Works such asfi,,-/.;./wmh.1'1 n!gi..,ter the impo..,<,ibility of .. imultancou,ly 
experiencing the execution of code and code a .. e'(pre..,sion or utterancc. Thl 
b an imporlant point: the illlp0,>sibility of experiencing code a<' ht)(!l 

expre .... ion and operation at the .. ame time alte..,1\ to a .!.ingular in<,tabilit) '" 
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the mode of code's e.xi<,tence. Softwan: and .. truggle<, over how i( is 
intentionalized are rooted in the impos"ihilit) of reading and writing code at 
the same time. If there i<, no coincidence br.:twccn exprc..,..,ion and function. 
t"k!tv.cen text and e,(ecution. between \\ord and thing. (hen ralher than 
l'rJ,hing operoting sy.<.tem..,. a forkbomb'.., di<,rupti\"c effect .. include havin!! 
rJiseJ the question ol.t~e pcrf~rmnti\ity 01 code. Judith Butler. a leadini 
the(lrh l of performatlvlty. \\ntes that "in .. peaking. Ihe act the body 
r-:rforll1 ~ i<; never fully under..,tood" (Butler 1997. II). In any act of speaking. 
the hl.xI} of the speaker doe~ <,omething morc than what i<, <'aid. something 
not fully understood and not analY7ablc. Thi<, conciu"ion of contemporary 
Mxial theories of power resonates in software. a domain of technically styled 
c\prcs.., ion directed at doing Ihing.~. 

Code is life 

A final se~ of code-based artwor"s offr.:r~ one re .. !>on\c to the impo .. <,ibility of 
e\pcnenclllg code as both expre~ .. ion and operation. The work of 1\'v0 Dutch 
ani,h. ~i rk Paesmans and Joan Het.::m .. kcrk. collet'lively known a<; jodi. 
I:tecame lamous for .di.;;rupti\e website .. beginning in the late 1990.., (jodi 
2()(~.J .. \1 uch of their work-roughly contemporary v. ith j(JI·/.;.bomb.pi, the 
de( 55 v.ork .. and the Perl poetry-u..,e.., HTML ..,cript to counter the nonm 
and ha~II ... ?f u<;er interfaces. or \\hat Mano\ ich (1996) tCrim the "labour of 
perl·t.::ptlOn (183) associated with browsers, computer game .. anti operating 
~)slt.::ms On ·· '00" . . . screen . ..1 I <, ,"ork.., often appear a .. ..,parsel) populated ..,ets of 
random ch 'lracter d b r . . .' ... punctuate y <,mall 1;.I .. hlllg boxe<,. inappropriate font-
IIJng. uan<,h col k . d c .. ors, aw \\ar screen layout.. and ullcontrollable numbers of 

pop. up wllldow Th . • . . s. ey \eer ,lway from the hl"hly crafted graphic and 
interaction de<,ig' e IIJIX... n conventions Ihat quid..ly accreted :lrOllnd \\cb .. ites in the 

Jodi ' .. work ill t I I' d f./. . us rates tiC tl1r equation from the theme of Arv 
. e( Imlll ("(l 2003 "Cod _ '.. . . 

hJeC5S I '. -, e - Life. If prevIous artwork.., treat code as speech 
relat i,,' .... 1.~ lkll ) and code a<; law (jorkholll".p/), jodi \ wor" turm 10 the 

n vCt wcen cod· d' r... '. the huundar be . e an lI1~er .lce. It tleah code a~ a matenaJ that lies at 
"e\enda I 'I~ "7 t\.'veen mach Illes and human life, at least in the sen<,c of 

. y I c. In eq t' rr. . I . hnh soft .. . ua II1g I e Wit 1 codc. the An t.ieC"lrrmi{"(l 2003 catalog 
\\ arc to biOlogy and II' Oonnali . . more genera y. to blopO\\cr. the regulation and 

.fallon of th . . r '. .. 
members of u .. c capacliles 0 human boche~ a.., Illdi\ldual .. and as 

pop latIOns or sets (Foucault 1991). Life came to be understood 
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in po ... t-World War 11 biology a, an information "Y'>iCIll or " .. a program 
executing in,truction<, laid down in a genetic code. a" di .. cu .... cd in Kay 
(2000). EH-:n today. concept .. of important biological procc<''ic,> rely on 
metaphor .. of computalional architectures: "if we wanted to I.ccp the 
computer metaphor. we could describe the fcrtiliLco egg a .. a m:l", .. ivc ly 
parallel :U1(.I multilayered processor in which both program .. (or nctwork\) 
and dat'l arc dimibuted throughout the ce1r' (Keller :!OOO. 52). More 
importantly. however. linking code to life mig]u involve exploration of how 
communicati\c prQCc .... c\ are invented. produced. regulated anti controlled 
through power relation'! prc .. cnt in code. Thi .. \\ould mean undcr<,tanding 
how "u\Cn," arc objects governed within regimes or biopov"cr (Terranova 
2004: Lunenfcld 20(5). 

Usually viewed through a brow~er. jodi'~ worb ... incl! 1l)l)) have 
displayed a r;mgc of programming and scripting I,mguages and H:chnique~ 
including HTML. cg i script<.;. Java. Flash. ASC ll code<.;. C and others. Jodi i~ 

falllous for disruption" and miscodings and for making self·immersed 
generalOr<.; of contingent datastrcams. Rather than performing any kind of 
innovation involving code. this work can be regarded as a creathe misu~e of 
code. Jon Ippolito, a curator of ne\\ media an of the Guggenheim Mu<.;eum 
in New York. say ... that "ani~ts like Pac<;man<; and Hecm ... kerk. after 
intentionally entering faulty code into their work .. ,. have been likened to the 
painter Robert Rauschenbcrg. \\ ho applied paint to the back tire of his truck 
and then ran over paper rather than u<;ing a brush" (quoted in Friedman 
2(03). These works challenge the framing of code through interfaces that 
intentionali/e code in the name of a user. 

Jodi'" works rarely look the "arne twice. Chance or random function .. 
change what happens at the u"er interface. panicularly the web-brow~er 

interface. A typical ... pcctator/user initially thinks something i\ wrong wit~ 
the browser software or the website's HTML markup. What counts a\ a fault 
or error i ... related to norms. to existing function" of "oftw"re. and to the 
social :lmltechnical agencies software is meant to perform. Disruptions of a 
transaction. communication or representation are normally experienced a" 
system error~ or technical faults. . 

Error does loom large in the reception of jodi's works: "We gel a lot 01 
email. In the fir\! couple of weeks after we put up the site we got a lot of 
compl<lints. People were seriously thinking that we made mistakes. So the) 
wanted to teach u". They "ent u .. email<; saying: You have to put this tag Ul 

front of this code. Or: I am sorry 10 tell you that you forgot Ihi" or that 
command on your page" Uotli quoted in Baumgiirtcl 1997). But the arti,t' 
arc not causing computers to cra\h to highlight how everyday haM' 

39 

. rn ing interfaces carry ingrained expectation" about u.'.er .. as 
( (ln~e ~ .. . . 
.' I1lducti ve:' Error or lault III the sense oltransgre"slOn docs not account for 
i~portant visible lealUres of thei r work. 

Code moves inside and outside the computer 

Whi \l:! jorkbomb.pl a""ume" that "ollle per .. on or computer ... omewhere will 
run thc code. jodi struggles more directly with who run ... \~ hich code where. 
In in terviews. the artist" talk about trying. through their work. to get im~idc 
the personal computer. They locate thdr work by saying. "Our work comes 
from in ... ide the computer. not from a country": 

It j, obviou, that our .... ork fight, ;t!:!,lirhl high tl'dl We ;iI,o hallie with thc 
nlmputeT on a grnphir;;iI level. The C<lnll'utcr pl\',ent ... ihrlf a, ;) dc\ktop. with a 
tr.l,h (an on the ri£ht and pull down menu, :md allthc \}'~tem icons. We e.~plore the 
wrnputer frolll ill.,ide. and Illirror thi, on thc net. When a viewer look~ al our work. 
\I e are in'ide hi~ eomputcr. There I' thl~ ]M<:ker ,Iog;m: "We 10\1' your computer."' 
We a!o.o gel jn~ide people'" <:tlmpIUCT' And \\e arc honored to be in l>Omcbod) 'l> 

<:llmpUler. You are \cr) clol,C tll a per-lln \\hcn )tlU are Oil hi, dc ... ktnp. I think the 
<:<>mputer is a device to get illto '1l1llconc', 1ll1lld. Undl quotcd in BaumgJrtei (997) 

It ""OU ld be possible to interprct these works as hal'k attacks. "ince the 
ani ~" ex plicitly echo the hacker "logan. "We lo\"e your computer." Howe .... er. 
gi\cn these worh are publicly di"played on the ""ell and in public art 
gallcries (jodi 2003). a different i11lerprctation is needed. The animo 
'tatcments link computer ... and pcr ... onal identities. and present their work as 
concerned with that relation between person and computer. Rather than 
heillg abou t code as such. or computer, as ~uch. jodi'" \ ... ·ork deals with the 
cuntemporary relations between computation :lI1d pcr ... onhood. but at a low 
level. Just as Rauschenberg and other twcntieth-century arti ... ts addres,ed the 
frami ng and support of the image in order to render visible hitherto unseen 
hIstorical conditions of visuality. jodi's work with code can be read a~ 
seeking to make visible \ome hidden conditions of comput:lbility. 

The notion of being inside "someone's computer"' st ructures the work<; 

themse lves. Often they have hidden order a ... ~()ciated with them. which 
VIewers discover on ly accidentally or by persistent clicking. In (he baffling 
screen fu ll of blinking punctuation character" shown in the work iffLocat;ofll 
hlll/'II""", ' ""!," ' " 'h .. ' . IWIt"WII'Wll".jOlI.org- IttI': fU·\\·I\'U·\\"II"IIW)I'.}Ol I.org. u"l1lg t e vIew 
~OUr ' .. 
j (e command on the browser produces something more comprehen<;ible. 

he HTML source code for the incomprchcn"ible web page turns out to be 
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an ASCII art image of a nuclear weapon. Rather than being lotall~ 
dio.;ordcrcd or random. what appcar~ in the brow'ier window hide .. a different 
layer of on.lcr .. t the level of code. The underlying image turn ... oul to be 
iconic and repre .. cnlalional: ASCII arl image"> arc a genre of computer an 
analogouo.; to Perl poetry. In the code, order accol11panic\ dhordcr at the level 
of the u ... cr interface. 

Other joeli wor!.: .. make code more explicit. The worl\ SOD./f( (jodi 
2002) u ... c .. HTML to pubti<.h low-level a~sclllbly language code on a 
webpage. Thi ... code i .. usually not read by programmers at allil i., the 
product of a compiler amI meant for machine execlition. It lie .. ncar lhe base 
of the Tower of Babel Kittler .. peaks of. Graphically. the wcbpagc mimics a 
Borland C++ code editor from the 1980 .... a time before biHnappcd di"plays 
and font-"caling ... oftware we re readily available on per ... ona l computcn.. 
Again. what i ... u ... uully visible and invisible arc explicitly inn!ried here si nce 
this is the scene of production of code. not its execution or con ... umption by 
users. There arc ju ... t two hyperlinks to be discovered on the page. pointing to 
Mac and PC vcr ... ion~ of what i" by today's standard<; a very primitive 3-D 
firsl-per~on "hoOler game writlen in C++. The code on the page i~ part uft he 
game. OownlO:lding the ... e components of the work through the links and 
then executing them a<; programs tend,> to Cfa<;h contemporary operati ng 
system". With SOD.I f'Jc . the interface in question i ... no longer the web 
brow"er (although the work i<; di"playcd in a browser). but the interface to a 
proprietary coding environment (Borland Turbo C) that lie ... behind the 
visual dynami ... m of a 3-D fir ... t-pcn.on .<.hooter-style game. 

Some 01 jodi'<; work ... pu ... h code further toward greater \'i ... ibility. The 
work t:?t:SllIlillic IIJQX ljodi 1997) look.<. like a system cra ... h. again "cripteJ 
in HTML. Screen ... like thi" once occurred on pcr..onal computer" when 
,>oftware cra ... he<.l the operating "y ... tem to the point of flooding even the 
graphics area (video-RAM) with meaningless data. This work has many 
layer ... leading through different vi"ual organiLation ... of codc fragment~. 

image'>. maps. diagram .... blocks of color and text. Again. wh:.t i ... in ... ide the 
computer i" mHde vi ... ible on a webpage. In thi .. work. a'> in the ... impler ea .. e 

" of grLoC(I{irm and in 501).1%. sOllle a ... pect or ... urface "in ... ide thl! computer. 
behind thc inll!rface. is rendered onscreen. In each work. this in,>idc. an 
in'>ide valori/cd because of il'; intricate linkages with contemporary subject' 
of information--comlllunication. biopower-constituted ~ubjecti v ity--ean 

only be made \ i'>iblc by recour...t,! 10 code. The in ... ide of the computer j,. 

identified with code in th\! ... e worh. Rather than disrupting expectations 01 
u ... ability. the tmi ... ", sub ... titule different interfaces for the commonly vi ... ible 

ones- the diagram of an atomic weapon. the a'>',>embly cooe editor for J 
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Ctll11puter game. fragmen", amJ lay\!( ... of code thrO\\ n up by a sy'>tem crash. 
\Vhat i" at stake in loctlling forrm of order at the level of code. beyond 

the level of more immediate or cv'eryday perception? The arti ... ", who ca ll 
Ihenl"elve~ jodi sa). "Many people try to dissect our .. ite. and look into the 
code" (Baumgiirtel 1997). Reading code is a way of trying to make sense of 
"hal they are doing. and perhap,> to copy it. But why do their worh disrupt 
e>.:pectations of usability by pointing to cooe'? To make connections wi th 
other political or cultuml conte\.t<, \ ... hich appear remote from new media or 
llut~ide the personal computer'? 

Jodi's work adds a final permutation to the code nexus explored in thi, 
\:hapter and a final glo~ ... on the impos ... ibility of ... imultaneously experiencing 
code as expression and a ... action. The arti .. ",' work ... play directly on the 
in .. tabJc mode of exi ... tence of code a ... bOlh text IInu execution. a ... in ... truction 
anu process. as speech and action. ;" "omething ernbodieu in habits. half­
perceived and worked on. Many of jodi\ works can be ~ccn as driven by the 
impossible coinc idence of exprc,,>ion anu execution. Their "errors" muddy 
the boundaries between interface and codc hy ,ho\\ ing thaI code i ... another 
interface. one often Ie,>,,> visible. but nonetheles ... always concomitant. 

Lives crossing into code 

~lathew Fuller (2003) propo ... ed the notion of .. blip ... " a ... a label for the den ... e 
relationality of certain event ... a ..... ociated ... oftware: "the cnormou\ <;pread of 
~,onomies. systems of repre ... entation. of di ... tribution. hiding. showing. and 
Influence as they mesh with other "y ... tcm ... of circulation. of life. ecology. 
re,ources-themsel\'es alway.., both e ... caping and compelling electronic and 
dIgital manifestation--can be intercepted. mapped. and reconfigured 
PrccI~ly by means of these blip..," (30-JI). Drawing on Ullman (1997). in 
v.hich "blip" descri bes how people\ livc ... CfO,>'" into code ("there i ... no other 
way: human need,> must cross the line into code" [141). Fuller ... uggests that 
Cntleal readings of software should bt.! altentive to the "implicit politics" of 
the concrete arrangeme11l'> and interaction'> containe<.l in software. 
h This chapter has exp lored ,>ome of the way ... that various genres of code­

a'>ed art cross lives with software. An examination of these works' altempts 
to make code open-available. vi,>iblt.! and legible- -sugge ... ", that code a,> a 
material be . . cannot dIsentangled from norm .... convent10ns and ... tructures of 
authority. These norm'> work at different ... cale .... ranging from ~tate 
regulat - f· . Ion. so tware mdustry work conditIon'> and ... ubcultures of Unix and 
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Perl to the con\'cmion<; and embodied habits of PC-u\er intafacc ... Acros~ 
these different ... calt: .. and di..,tribution ... of code. the diffil.:ult} th.11 Kittler 
identit1c<.; in <;oftwarc ("we do not know what our writing doc .... ) j, rooted ill 
a properly of code 3'" a material that i.., read. written anti cwcutcd. The 
impos<;ibility of experiencing expre ..... ion and execution <;illlultanc.:ou.,ly is 
perhap ... nOI unique to code. Ilowever. as the next chapter will .. how in its 
examination" of the algorithm .. thai <;tructuft! code. thi .. impo ..... ibility 
trigger .. many different convolutions and complication ... in the rclalion~ 

running through ,>oftwarc ihelf. 

Chapter 3 

Algorithms: Sequence and 
convolution 

Software cannot do without. according 10 computer ... cicncc. algorithms and 
claw structures (Wirth 1976). All cooe, formally 'lIlalyzed, encapsulates an 
algorithm. Algorithms- recipes or sets of steps e\pre,",seLl in flmvcharts. 
cude or pseuLlocooe epitomiLe the opcrationalit) of soft\\are. It i,", hard to 
conceptualize software \\ithout algoritlum (although there arc ... ery different 
.... a)s to conceptualize algorithms). Algorithm .. carry, fold. frame and 
rcdi\tribute actions into different cnnronment<,. A.. software (and 
computing) becomes more connecti\c, a\ it "flow,", into the environment" 
(Th rift 2004b, 183), analy ... is of the mode of exi ... tence of algorithm ... 
hccome ... critical. Algorithms move into di .. parate domain .... and disparate 
domain .. come together in algorithms. Algorithms hme a cogniti\'e-affective 
\Ii r.:kines\ that makes them both readily imitable and yet forbiddingly 
romplcx. The ordering'" of social field, a\sociated ..... ith software hinge on 
formal properties of algorithms that often assume an immutable, general 
~lu ra . Sometimes algorithms. which specify how to tran .. form a given set of 
Input<; into a desired output. are treated as the formal, ... talic essence of 
~oftware. This is perhaps why some \\riters h'l',.e suggesting using "concepts 
frllill computer science as categories of new media theory" (Manovich 2001. 
-IX). Other attributes of ... onware, such as furnishing a u .. er interface or 
~unn i ng on a gi\'en hardware platform. are treated as more or less contingent 
In COntra .. t to lhe essential ncce\sity of the algorithm. 
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Despite being inherent \0 .. oft ware, algorithm .. arc quile (hfficull to 
analYlc. Typically. computer .. ciencc tC'I(tbooks anti computer .. cience 
COUPies introduce algorithm.., u .. ing a .. el of well-known example .. or model 
situation... For in .. lancc. the famous quicksorl algorithm thai .. or\1, a 
sequence of item .. (Hoare 1961) illU'~lrates the "(Ii, ide and conquer" 
approach to algorithmic dc"ign. Both the quicksort algorithm and the divide_ 
and-conquer approach can be varied. modified or adapted to app!) to any 
situation where item.. need 10 be in .. equcnccs. H{)\\c\cr. to .,ituate 
algorithm .. at thi .. le\'el of generality would take for granted Ihe "col1\cntiom 
ofaddre .. .," (Thrift 2004b. 176).lhc cxpecwtion thallhing .. will be where we 
expect them to be (that i .... in ... cquencc). A critical analy ... i ... of algorithm, 
''vould .. tart by recogniling that the expectation that thing ... '\-'ill be in plncc i~ 
historically and ... ucially "'1)Ccific. Ordcr and sequence arc the re ... ult of much 
work. For any given ... ituation. there arc many possible ordering ... and action~. 
What scquence ... arc irnportarn? For what purposes? 

An algorithm se lcct~ and reinforces one ordering. at the c:-<pen ... c of 
othcrs. Agency. therefore. h hy definition contested in .md through 
algorithms. They affect what can be ... aid and done. The key question for thi\ 
chapter is: How doc ... an algorithm .. elect and reinforce an ordering'! It both 
naturali ... e ... certain ordcr .. and animate, certain movemenlli. An algorith m 
naturalize ... who doc .. what to whom by subsuming exi ... ting paltern .. and 
ordering" of cognition. communication and mo\·emenl. Although 
algorithmic action i ... a ..... umed in contemporary everyday lift:. "the trid.,'· 
write Bowker and Star (1999). "i\ to question every apparcntl, natuml 
easine .... in the world around u ... and look for the work invoh·ed in making it 
easy" (39). Po ... ition. order and .. equence rely on a sedimented background of 
timetable .... route ... directorie .... addre ... \ \)'lotems. transaction and product 
code ... wrapped into ... oftware. 

Algorithms aho animate certain movementl>. making them \eem li\'ely. 
imbuing them with celerity and ... ometime\ even grace. They in\"ohe cerwin. 
A .. Bowker and Star \uggc ... 1, practice ... of po!-.itioning and cla ..... ific<ltion mix 
phy .. ical and conventiona l allribute .... This mixing mean ... that algorithms do 
not "imply belong to "moo or the cnvironment. Chapter 2'" dio.;cll'i ... ion h3~ 
sugge ... ted that the oscillation between code ao.; expre ..... ion and code a~ 
operation underlie ... contc ... tation ... of agency (lo.;"ociatcd with ... oftwarc. 
Algorithm .. bring a diflerenl level of contestation of agency into .. oft ware by 
virtue of what Alfred Gell de~cribc" <I" "cognitive stickine .... .,." In hi ... account 
of the geomctric decoration on certain art-like object .... Gcll (1998. 86) 
c1(plain ... the ,",'i"ual fa ... cination exerci\cd by Oriental carpet ... or Cellic 

knot work in terrm ()f a "et of animating movcments induced in the viewer b) 
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ht art-index. The eye mmc .. con ... t'lIlIly a.., it allt:mph to make ... en~e of the 
~lil ... of the Cehic knot or the intricate gcometry of the carpet. and in many 
ca"'c, can never re ... ohe or ..,ellie the perceptual problem that these 
geometrical decoratio~l'" pme. ~n "agential" . efj~ct re ... ull\ . frol.11 the 
impth ... ibllllY of freeZing. perceptIOn: Intncacy IIlVltC'" the attnbutlon of 
agen~-y. Typic~lly .. this agential erfect i ... allributed to the art object itself. 
Hence a labynnthllle decoration on a door turn .. away um. .. elcomc visitors. 
AlgNithm .. have "imilar animating effect ... on their recipient\: they put into 
que ... tion who ilo moving what. 

Th i ... chapter trach how algorithrm matt:rialilt: in a "pecific domain. 
bioinformatic .. , a contemporary knowledge enlcrpri ... e inten ... cly preoccupied 
with ... eq uence. position and repetition. A .. an entry point to the problem of 
algorithm\. bioinfonnatic .. i .. down ... tre<lm of thcoretical computer science. Jt 
is abo remote from more mundane knowlcdges of location. \equcnce. order 
and rcpetition found in. for instance. a ... carch engine (Brin and Page 2(02) 
or a barcode scanner at a supermarket checkout. Sequence data is processed 
It different scales in key bioinformatin algorithrm .. uch as the Needleman­
Wun ... ch and Smith-Waterman ... equence alignment algorithm .... Why track 
algurith mic treatment of sequence data'! Examination of how the dynamic 
programming algorithms u ... ed in bioin/()fIll:uic .. temporally and "patially 
order computation can illumi nate a critic.11 fe.llure of .. oftware: it ... generation 
of singular .. patial-temporal compo\;te ... of order :lIld .. equence. Treatment of 
one ... i ~m i ficant elas\ of algorithrm mu .. t "and in place of a more 
comprehen<,ive exploration of the compo ... ite framing intrinsic to all 
algorithmic design. 

Theoretical computer .. cieoce :Iddre ...... c.. the time and .. pace of 
computation through calculation .. of algorithmic complexity. Viewed 
practically. every algorithm is framed hy thc time and ... pace of computation. 
My central argument here i.. that c\'cn the mo ... t ab"tract formal 
specifications of algorithm.. entail contc'>Iation... of agency. Such 
CO~tc't at ions can be difficult to recognize bccau ... e algorithm .. conden ... e 
letlon , ~ n convoluted sequencelo of .. pacing and timing. A ... positioning and 
sequencing cross all boundarie ... between cognition and things. between ... elf 
: World, between thinking and doing. the ... c conte<,iation ... of agency 

'orne invi ... ible. Altachment to the .. e form ... ;... difficult yet important to 
analyze a th . . 
A 

... ey increaSingly pallern alld coordinate everyday life. I 
Itat hmem a ,. k· .. . r S IC -lIleloS occurs through IIlVollitlOn of agency. through a 

SOmetln1e ... lab . h· .. f c . ynm me entwllung 0 Illo\'cmenh and \pace .. addrc ...... ed and 
Ondenscd in algorithms. 
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Moving sequences in bioinformatics 

In bioinformatic<;. an "enterpri<,cd-up" (Haraway 1997 ) -.ciClltific 
subc.Ji<;ciplinc. the programming languages. paltcrn\ of code circulation and 
organi7alion<, of work examined in other chaplers coalc,>ct! aroumJ .. vcry 
problematic prototype: the intricate "'palial and temporal procc,<,c .. of 
organ i<;m<, vil!wcd a.., biochemical "'ystem<,. Very little of thc infra<,tructure. 
code con<.,\ruch. plmform<, or prOlocob im-ol\cd in bioinfurmatic .. i.., new. 
But like the figuring of code in .. oft ware art. the concept of code in 
bioinformatic .. ha .. a "peeia! .. alienee Iha1 heighten .. it.., ..,ingularity a,> :1 ca<;e 
"lUdy. Of all tile .. iluation"! explored in Ihis book. bioinformatic .. i .. the mOM 
prototypically code-like. The entities with which bioinforrnatic ... ,>oftwarc 
engage .... the living ... y'> tcm~ of con temporary molecular biology. arc 
preconceived a ... nothing other than code ihe lf in action: "Nature uses 
algorithm. like procedurr.: ... to ,>olve biological problem';. for example. in the 
proces'; of DNA replication" (Jones and Pevzner 2(XJ..l. 14. it.ll ics in 
original). Although bioinformatie ... may contain nothi ng new from the 
'>tandpoinl of sortVvare. ih conception of life a ... prolotypic;llly algorithmic 
render'> it uniquely apP<Nte as an unexpectedly literal way to explore hO\\o' 
know ledge,; and practice ... of sequence and position become convoluted in 
software. Algorithm ... propo ... e ... ollition'; 10 problem'>, but they an: not alwaY' 
simple or quick ';olution .... In particular. the "algorithmic· lil-e proccdure ... " in 
nature include many error .... exception,;. missed ... ignals and mi ... co(lings that 
have ,lccuTllulated over time. In comparison to other code-like ... ilUation ... 
living "'y';telll'>. c ... pcciall) in the complicated form ... in \\ hich they are 
pre';ently being COIl';tilUted. wch as genomes. offer thcmsehes a ... at once 
worst.case and be<.;t·ca"e e\arnples of ... equenced operation .... Life i ... an 
impos ... ibly ... ophisticatcd and exceedingly bad prototype for softwarc. 

After the hea\ily publici led announcement of the completion of the fiN 
draft of the human genome in June 2000. many thou"amb of people 
downlmldcd the !.:omplete gigabyte DNA or nucleotide-acid ... equence frOlIl 
the Internet. According to Wired. many were curio~ity·drivcn. Some report" 
say people were lool-ing for the letters "GATIACA" (the name of a fi hn 
about a genetically re ... tricted ncar-future society) or other hidden messages 
in the bool- of life (Philipl-O',ki 2001). Since then, sequence information ha' 
undergone much more exten ... ive processing. The highly publici/cd. 
availability of gene and prOlein sequence data translated into a varicty 01 
software arlifacts. Sequenct.! data flowed into "'y~tem.., built to cope with the 
worl- of integrating sequcncc data so that new biological I-nowledge could be 
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"dhCO\'cred" through information proce~sing .. The algorithm" on which 
. I (Tical discovery currently relte... IIltcn<.,lfy and ..,calc-up selected 

010 0 e . . . . II A . . \emenl in \\ays characten ... tlc 01 "'O!tWMC morc genera). n anllnatlllg 
010 '1"1 " . . Id c ITect precipitate~ from these 11l0\emcnt.... liS a1l111lall0n cou account lor 

~he perceptual ~ticl-ine~s of code O?jcct... . , . ' . 
As a specialized domain of '>clence at the lnter ... cct l0n 01 computmg and 

oiolog)'. bioinformatics wa ... named <.,ometimc. In the early 1990 ... ~n cl~)se 
<I, ... nciation with the Il uman Genome Project (HGP). The fir...! Job 
aJ\crti scmcnts for bioinfonnaticists ~Ippcarcd in the mid·1990s (Farnady 
1996). although biologist ... had sat at computer screen ... before then since 
sl.lhware has been used to analY/c <.,cql1ence data for o\\:r twenty years. After 
~he announcement of the HGP. many announcements. funding schemes and 
opinion pieces in publication ... wclt a ... Science and Na~ure ·messed .the ~rgent 
need to find ways of organi zing .... earching .lIld collm11lg the growl1lg !lde of 
sequence data. which in raw form consists of strings of character ... 
representing nucleic ac ids (for DNA or RNA) or amino acic!... (for proteins). 
Vision statements obsessed over computing and information infrastruC\l1re 
as a crucial component of the ... cquencing project (Gilbert 1992: Lander 
1996). Only through exten .. ive computational worl- could a complete nucleic 
acid ')Cquence or genome (for human ... , chimpan/ees. fruit !"lie .... rice, 
tuP.KCO. etc.) be wrangled out of the merl:lpping fragments produced by the 

o;equencing robots. 
The name "bioinformatics" illustrated thc \tratcgic situation emerging as 

""hat v.e call the body lost some of it ... corpu\Cular. organismic character and 
became a nexus of different political. medical. economic and <,cientific 
actualities that provisionally congealed as biotechnology. At a general le\o'el. 
hillinformatics could be seen a ... supporting the more salient intellectual. 
social. political. culrural and economic event ... associated with contemporar) 
biology and genetics in the laller part of the t\\t!lltieth century and early 
t ..... enty·fir .. t century. Under regime ... of biosociality (Rabinow 199""'). 
clhicopolitical and ontological que ... tions about lhing bodie .. pro liferate at 
m;my different places: around predictive medic ine. agriculture. reproduction 
and drug .... and beyond. A ... Thacl-!!r (2004) argue .... bioinform atic ... (.software 
Ul.1d databases) is a significant interface between living systems and 
h1()technological processes because it concentrates on translating key 
f:lations in li ving media (organisms) into inform:ttic media ( ... equence data). 
~ol only preserving those relations. bioinform~ltics, it can be argued. 
subject) them to repetition and variation in an expanded social field of 
Interactions. At the same time, bioinformatic ...... oftwarc is hard to categorize 
In term ... of tools made for user ... : "Biomcdia arc novel configuration ... of 
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biologics and technologie ... that tal..e u\ beyond the familiar tropes of 
tcchnology-a'i-IOOI or the human-machine interface" (Thacker 2()()..4, 6), 
Bioinfofmatic'> "'Y':lICI11.. arc relatively unobtru..,i\dy Wo\en into 
micropraclice .. within these domains. As with much other .. ortware 
infrastructure. political. economic and social ordering procc ..... c .. work 

through bioinrormatic ... bUI do not appear as such. 
A.., .. cquencc data mo\'e\ through bioinformatic .. system ... it is arranged 

and po..,itioned in IWO way..,: fiN. the biological function and biochemical 
'1pecificity of sequence data are sought. Second. potential tran"fOflllatio!lS in 

living bodic.., arc at .. tal..c. The cornerstone bioinformalic.., probkm'i of 
sequence alignment and sequence matching occur in both procc~~e~. 
Bioinformatic~' heavy commitment to latcral tran .. po~ition<, between 
~equcnce fragmen" of different living things re-version living bodic.., at a 
finc-grained. partial and concrete level. The practices of bioinformatics 
version-off living bodies that tcnd toward a meta..,table ~ tate in which bodies 
become more ..,u .. ceptiblc to different detcrmination..,. The ..,oftware 
manipulation of ~CqUCIKC data open~ living systcm.., to ..,ub..,cqucnt 
dctermination. whether as commodities in a biological knowledge economy. 
a .. element.., in ..,,,me other a..,semblage (such ,I" a patented biomedical 
diagno..,tic reagent). or a ... element.., in a transformed biological proce..,s ( ... uch 
as a genctically modified organism. plant or animal). The ver~itlning of 
living bodie.., cannot. at lea..,t within Ihe domain ofbioinformatic .... be di ... ided 
from property relation .... 2 Bioinformutic.., is representative in it ... promotion of 
algorithm.., to the center of scientific k.nowledge. The ... e proce.., ... e.., can be 
seen u.., typical of ho'" code textures world,> more generally. I lence. 
bioinformatic... i... treated here as symptomatic of Ihe "soft control"' 
(Terranova 2004. 114). ··f!O\ ... -\\orlds" (Knorr-Cetina and Bruegger 2000. 
141) or "proce..,..,ual contex"" (Thrift 2004a. 590) cry..,talli.ring in and 

through ..,ohware. 

Bioinformatic problems and attachments 

The fact that algoritlum arc often dc,>cribed a.., "recipe~" .. ugge ... ts they arc 
Illa<.le to be imitatc<.l and circulated. Ho'Wcver. thi.., circulation i ... not 
automatic. Unle ... .., attached to a prototype. recipient or producer, an 
algorithm remain.., an abstraction. Ho\\- doe ... an attachment form bt.:twc

cn 

algorithm and tlction? At what Icvel doc ... the action of an algorithm (:Ike 

place'? 
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Since 1955 when the mapping between nucleic DNA base pai rs and 
. ,cids in proteins ",a.., e ... tabli .. hed. sequence data has come to be 

amino . . .. . rded as a massive Rosetta ,>lOne for undcrstandmg h ... mg sy ... tems (Kay 
~~). As the ultimate key to the ..,pecificity of biochemical in~eractio~<;. 
- nee data promi..,es knowledge of biochemical proccs ... c ... But m relation 
,,:que ' . . . cific biochemical que,>lion.., . ..,equence data only Yields anw .. ers aner an 
to ... pen ." ., labor of recontextllali7ation. For in..,tance. the biochemical function 
Inte .., . 
oj a sequence of amino acids. the .molcculc'>. that ma~c up protclns .. can only 
he di<;cerned if either the shape of the re'>ultlllg protcm cal~ be p~dlcted (the 

..olein-folding problem) or if anothcr c1o .. ely related ammo aC Id sequencc 
~f known biochemical funct~on can be found through comparison (the 

,equence-alignment problem). . 
Much individual sequence alignmcnt and compan .. on ..,oftware runs on 

indi vidual computer..,. Program' ... uch as FASTA and BLAST (Lipman and 
Pearson 1985: Altschul et a1. 1990) arguably contain core bioinformatics 
algori thms. Built around thc..,e prognllm and their core al~orithms. a .rap idly 
filling spectrum of networked or Internct-based ,y ... tem ... IIltcgrates different 
data sources and proce'i..,ing techniquc,>. !3ioinformatics incorporates a 
mu1ti ... tranded attempt to ,>y..,telll:ltically organi/e and productively 
manipulate a body of knowlcdge concerning living things. Bioinformatic~ 
make" claims over the knowledge of "how to do it"' (Strathern 1999. 20).~ 

What is bioinformatic.,' ... pecil1city 3.., an algorithmiC process? Project ... 
focu.,ed on collating and organi/ing knO\dcdge concerning living things 
ha\ e existed for a long time. Lht'>. taxonomics ... pecimen collect;ml'>. 
genealogies, encyclopedia..,. genetic tree.., and ..,tati..,tical ..,ummalion'> have 
punctuated de\elopment.., ;n biological knowledge over the last three 
centuries. Each shift in our under ... tanding of \ife ha.., been accompanied by 
different ways of making the relation.., bct",een living things. between 
generations, kind~ .... pecies and ..,0 forth \;sihle. Already at it'> inception 
,omet;me in the 1970.., ('icc Needleman and Wun..,eh 1970). what is now 
called "'bioinformatic..," dealt with comparing ..,equence data in termS thaI 
\cemed quite remote from organi..,lll.., in vivo. E .. pccially after chemical 
cleavage methods for DNA became available in 1975. the pro'pect'> of largc 
amounts of sequence data became palpahle. GenBank. perhaps the major 
repository for DNA <,equence data. wa'i originally conceivcd as an archive of 
... cquences (Gc\bart 1998). Unlikt.: botanical and animal <,pccimens. who..,e 
vi~ible attributes arc the main basi, of da ... ,ification. ,equencc data di'>play.., 
no identifying attribute .... A given fnlgment of DNA ..,cquence data could 
COme from almost any li ... ing thing ,ince it repre .. ent ... long ..,trand ... comp<)..,ed 
of four nucleic acid..,: adenine (A). cyto,ine (C), guanine (Gl and thymine 
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(T). Unlike other domain .. of Iht! social fi eld in which finc-grainl!d ,ctlC 
of addrcssability (Thrift 2oo4a) have ent\\ ined with c\cryday life over 
13<,1 few cCllt uric ... <,cqucncc dala i .. unforl,nalled. Olher labeling informatiOn 
mU,>1 be attached. Pure 'icquencc data will not be <;Iared in the databa,\e 
Rather. databa<,cs .,tore .. equencc dala in ,>tandard an notated formals. -

,For in~tancc. nucleotide data from the nucleotide dalab .. .,e at NCB] 
retrle\ed Vl:t a search on Ihe term "myelin" come .. in GenBank formal: 

LOCUS 13171161S0 ~61 bp mRNA EST 19-5EP-:!OOl 

DEFlN1TIO'i id96c I :!.y I Human in~ulinoma 1101110 \api~ns eDNA .'i"irnilar tu 
TRQ()tS85 QOI51S5 MYEU'l' BASIC PROTEIN;. mRNA <,eljucncc. 

ACCESsro'l' 111711 6XO 
VERSJO'l' 111711680.1 G l :IS6R7~75 

KEYWORDS EST 
SOURCE hum,Ln, 
ORGANISM Ilmno ";lpien, 

!.:UkllT)'Ola: MCI:voa: ChnnJ:ua: Crani:ua: Vcrlchr:ua: Eulc1c<l~!\Jmi; 
M.unmalia: Eutheria: Prirnale~: Calarrhini: Horninid:IC: Homo, 

REFERENel. I (ha-.c, I 10 5(1) 

AUTHORS MeltOI1. D .. Bm .... n. 1. Kenl). G .. Pcrmull. A.. Lee. C. K~le'lner. K .. 

T[TLJ ', Elldocrine Plln(Tea\ COl1wnium 
JOLRNAL Lnpubli<.hcd (2000) 
COM\1E,,'T Other FST,: id%d2.xl 

C\)ntact: [)(lugla .. \Iehofl. Klau~ H, Kae~lner. & lI iro,hl Inoue 

IIlgh qua1it~ \cquence \IOp: ~29. 
FEATL'Rl:.S l .o..:allon/Qualifier.. 

,ourec L.56[ 
10fj.!al1l,I11=" 11omo ,,*piel1\ • 
/dh _ xref"'" taXtlll:9606· 
Icl(llie _hh=" ll ul11an inwlinolll;l" 
!th .. ue_t )pc=. i n\uJ i noma" 
I[ah ho,I=" DII JOB (ph"ge-re,i,I;lI1t)" 
InOlc="Orj.!,11l pan(TC;l~: Veclor: pB[ uc!.Cript SK-: Site [ 
Xhol: Sile_2: EcoRI: Cml\lructcd wilh [amlxla ZA P[[ ~),tCI11 
(Stratugc ne) hy Dr, J. Ferrer. in ~ i vo nllls .. ·e:l;"i .. cd to 
pO[uc\cnpl SK lIy I)r. /I. Inoue following the Washington 
Uni\er..ity protoeo[ 

BASE COUNT IJ6 a DH t [n g [15 I 
ORIGIN 

I gtatgag((a 1!<I(l'al((aa gaa1!a(;lglg eagl"(;lcctc cg<l1!;lg(Clg gatgtgalgg 
61 cgl~;l(agail gaga((l'ICC cag;lgg(;lcg ga\('caagta tctggccaca g(Olaglae(a 
12 [ Igg;lC(alg( cagg(alggc IICel(("la ggca<:agaga caq!gg(atc ClIg;l(;\((U 
IHI Iq~gg(g(;\ t (tII)!)!<:ggl !w(aggggig cgn'~aagcg gggd~t£J!( aagglg;lgd 
1~1 ct1!aggagla guggagllll a)!tII;walg gaaaaagcaa aggugaLIaI<: aglilggtgaa 

)(lJ I:leJgccall agaggaagaa ([ggC;l(gl,1 g<:<:ldlgd gld;!;!gg\(; l<:gUI:<:glg 
,M dggagaatg catatgagc<: <:ailgaglgtg gg~'<:tga)! l g gctg([tagg ;I<:gllll<:gl 
,,11 llaaclcacc U"Clclllll" Cll;ll';I;lggg ;l lgglgg(<:g ggglgtgg~ll';lggil;llgtU 
,,111 aggacatgcl gaaUdgga l(tl:taaggg Ig<:<:tgg;l<:a Igggq;lIge ag;!;]agagag 

5-1llxacanctc agggld([gg 
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ani) in Ihe lasl len line" lIoe" any ,equcnce lI:lla appear: 561 ba"e pair,. 
Th ... preceding "ixty lines hold acce"iOll number, (8 1711680). laxonomy 
m(Mmation for the sou rce organi"m (1101110 I,apie n .. ). publicalion references 
~n\\ing work Ihal lie.., behimllhe raw "equence lIata. al, well :l~ important 
Information about how the ,equencc WlI' derived. For in'tance. this sequence 
i .. an EST, an expressed ,eqllencc lag. \ .. hich mean <.; Ih:ll the ~equence data 
~'tlIl1 C ' from a cDNA or complementary DNA library derived from RNA 
(Lx,\": 2002. 77). The EST ha~ a refcrence number (id96c 12.y I ) that can be 
entered direclly in lO the .,earch fac ility of any other library that contains 
EST, . Rat her than .,equence data il'>clr. Ihe indexi ng. referencing. annotating 
and cros,-refereneing of Ihe sequence dala .,tamb out. The annotation~ and 
,urroundi ng links <.;eem more important bccall<.;e they furni'h human readers 
....ith a key 10 other part <.; of a knowledge infra"!l"llclUrc. That key inclllde~ 
rdi!rcncc~ to how the I,equence data wa., produced. who produced it. what 
e\perimental protocol ~ were u .. ed. and an entry point into a taxonomy 
brtl" ,cr. 

The time frames of an algorithm 

Within the biological knowl edge economy. thc~c attribute~ :Illached 10 the 
rav.- .. equence data are vital. yet the) 'ay lillk ahoutthe ~equence dala ilscl f. 
What i .. it. and how can it be read'? Sequence data can be characte rized as a 
rel.lIi\ely inert. flat represe ntation of biologic:.!l knowledge "reduced to a 
linear code in an archi\'e out. .. ide time:' a ~ lIarawa) (1997.2-1.5) put .. it. From 
the pcr .. pective of critique .. that life i .. being reduced to infixmation. 
.. equcnee data looks like a feli.,hi/ed ab,lraction in relation (0 living bodies. 
Hov.-ever. rather than existing a., linea r code ollhide lime. <,equences exist 
v.-U hin what might be called "algorithmic time:' the computational time 
r,equircd to find relevant pattern., within the <,equence. Algorithmic time 1<'; 
1T'Inled by the computational re.,ollrcc.., supplied from the biological 
knOWledge economy. and in thi s re"pect, algorithmic time is 'oc ial and 
rnach ine time. The praclice .. of working \.\Ith ,cquence data Irea! il as an 
ac ' . cret lon of pa.st biological knowledge production. "Sequence databases arc 



gr~at tool~:' Claverie and NOIredame (2003) poi lIt oul. "becau,e they 
umque wllldow on [he pa". They make i[ po~,ible to an,wer 
biological quc'tion\ by enabling u, to anal)Le sequence" [hat may have 
determined a" many a~ 20 )ear ... ago. when Ihe \\hole [echnolog) enll 
By doing Ihi". they conncct pa<.,t and prc"enl molecular biology" (73). 

From the "andpoint of bioinforrnatics as. a work proce<.,<.,. no 
stands alone ... incc it imilc", comparison with all other ... equence'i m,,, 

by biology. An early "wndard te'abook of computational hiology remark 
"Sequence comp:lri"on i" the 111D'.t important primili\"c operation ~ 
computational biology. "erving a" a na"is for many other. Illore campi III 
manipu~ation~" (Setubal and Meidanis 1997. I). Why i... "equen:: 
~omparrson II.npor~ant"! Sequence alignment and cOl11p;lri~on become 
Im~ortant as blo.loglcal knowledge undergoes piecemeal transformation il1lo 
a field of potentJaI determination ... of living systems. In thaI tran ... forrnat ion 
sequence cOl1lpari~on play~ a crucial operational rolc. . 

A history of that tran~lonllation would nced to attend in particular to the 
rnoleeularilation of ~arwi~ian .evolution (Keller 2000). The most importanl 
feature of th~t rccol~llgur.:lIl()n lor prescnt purposes concerns wh:1t happened 
to the gcnetlc cla ... sdic:llion trcc~ of 'pecies. Thesc phylogenctic trees fiN 
began to emerge during the nineteenth celHury and expre ... sed evolutiomu" 
relationship ... bet\veen ... pecies. Genetic trees sho" ing hO\,-, ... pecies di\'ergt~ 
from e~ch over thc cour ... e oltirne carried a ... trong hi ... lorical direclionalit). 
The height of a tree (that i ... the number of branche ... running from root to 
leaf) represented hi~torical depth. II" under ... tanding hO\\ branche,> had gro" n 
?part. o\er time was the primary achievement of evolutionary biolog). 
J~~prng b.etwcen branches is the centml goal of contcmpor'Jry 
blolll~Onnatlc". Through this lateml movement. the hi ... toriC:11 depth of 
~enettc trees undergoes a temporal flallening as sequence date .... collocated 
III ~he ... arne dat:lba .. cs. Amid toda)· ... increa"ingly fcvered imagining (I! 

hOn70ntal leap .... the depth ... of hi"torical divergence collap ... e into .. ,trange 
conte~lporaneity: .. c'!uenee compari,on flattens genetic lime. Re:HJing 
nucleiC or amino acid .. cquencc .... them ... elve ... ab ... tract fragment" of liv ing 
sY"tem.,. lurn ... out to be far Ie ... ., important than reading the sequence 
alongSide other sequences. 

COI.lsequently. de<,pite i", production by increa ... ingly mechani/cd 
nucleotide and amino acid sequencing system,. sequence data is rarel)" 
treated in i ... olation. The Smilh-Watennan and Needleman-Wunsch 
algorithms respond to the problem of how 10 compare different sequence' 
and cxpres~ the relation between them. Different sequences potential!) 
belong to different branche ... or leave .. on the genetic tree. but sequences art 
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P
letely different. B) finding an optimulll alignment. 'iimilar or 

no' LI1m .' ?()()"l' .. h , d biological funcllons can be mfcrred. A ... Le ... k (_ _) pu", It. I e 
relat~ h .. t···t· I· I . 

olciple is t at the ort°ln () Sl1lli anty til ... cquencc l'i common 
ba~I' pn e. . 

." ( 196 italics in original). While sequence companson can be done 
p\C1! ... try . 

hand. rt!<;earch published during the lale 1970 ... began 10 show compUiers 
~ Id di .,co .... er sequence similaritit!~ simpl) not \ i'iible 10 the 1110 .. t astute 
"'" e)'cs (Setubal and Meidani .. 1997 . .lS). In order to gain ... i2nificant human . -

to _equences must be compared at IwO le\·ch. Fir .. 1. they must be -" . .. . tchcd again~t the exten'il\'e background of large public and prtvate 
ma ucoce databases like GenBank and $"i ...... Prot. Withollt ... inking into the 
~lt.K1-0f-data·· rhetoric that has permeatcd bioinfortllatics 'iince its 
inception in association with the Human Genome Project. wc should l.lOle 
that the ... ile of these sequence databa ... c ... cannot be fixed for long: <,mee 
20()(), important databa<,es have been growing daily. The practice of 
reka ... ing sequence data into dataha ... e~ prior to its publication in scientific 
jnurnah has become well-establi'ihed. For in"tanee. the Entre£ Nucleotides 
dataha ... e at the U. S. National Center for Biotechnology Information (NCBI). 
\l,hich collects sequence ... from other databa .. c ... (,uch a'i GenBank. Ref Seq 
and PDB ), contained at leasl ,e\"cnteen hillion bases in September 2001. but 
thin)-eight billion by December 2()()..l (NCBI 200.l). Other genomic and 
pmtcomic databases such a<, TIGR (The In ... titute for Genomic Re'ieareh) 
sho" ,imi lar growth (TIGR 20(5). 

The sequence databases' "e'l(ponential mle" {)f growth poses many 
informatic challenges of organization. redaction. updating and acces .. (Smith 
19(0). But the key problem for the biotechnological vision. a~ graduated 
e\olUlionary descent flattens out into c()ntinuous tran ... formation and 
rt'compo<,i tion of subsegments of living things. i ... how to navigate lalemlly 
bet"een sequences from different phyla or ... pecie .... Thc hi .. tory of life once 
ga\ c irrevcrsible direction to movcment. Bioinformutics, when it works on 
mmparing ... equences. cut~ aeros ... genealogical descent and hi~torical 

unidirect ionality. albeit at tht! co,t of restricting its focus to biological 
fm!!lllents ~uch as protein .... en£ymcs and gene ... Working with ... equencc data 
dOt~s make it possible to imagine cutting aero'i" a hi ... toricaJly sedimented and 
corporeally embodied set of norms, blll only along vcry ... pec ific pathways. 

Imagined movements and alignments 

h er> algorithm specifics movements. albeit often \'ery intricate ones. 
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Moving between different ,>cquence,> i ... problematic for bioinformatics 
becam.e sequence alignment.., c,<pre\ .. relation') bel\~ecn ..,ub\cgmcnh of 
Ii\'ing thing .... Thu'i "the discm.:ery of sequence homology to a known protein 
or family of protein .. of len provide" the fir~1 clue ... about the function of a 
new .. equence gene" (AIt'iChul ct al. 1990. -tOJ). Praclic:llly .. ,>cal..ing. the 
relation.. between different living things (or bel\\een fragment... of 
organi'lm .. ) can be c'(prc ...... ed in mca~ures of sequence .. imilariIY. and mo." 
concretely in the numerical .. cores produced by ,>cqucncc alignment 
software. How j.., .. cqucncc <.,imilarit), calculated? Here i.., a protein ... cqucnce 
in 'ilandard FASTA format: 

>GT\11 Hl\1.·\N GIUTATlIIO'l'F S-TRA'l"STT:RASE r.H' 1 fiT 2,:'i.IIR) 
(GSTM I-I) (1m SUBUNI 

PMII ,GYWOIRGI.AIIAIRIII LYTDSSYEEKKYT\IGDAPDYDRSQWl 'JLKIK 
LG LDI ·pN LIlYI ,I DGA II K lTQS N A I LCYI ARK H NLCG ETEEE K I R V DI [.E'JQTi\ I 
DNI Il\ IQLUMIC'YNPLH:KI, KpK YLEEI.PEKLKLYSEFLG KRP\\ I·A(jJ\K rnv 
DFI VYDVI.DI II R 1)·ErKC'1 ,DAFPNI.KDF1SRFEGl.EKISA Y\I KSSRI'I.PRPVI·S 
KMAV\VGNK 

The long 'Ming of leller~ repre~ent'" amino acid.,. The variou., .,oflware 
tool'> that prepare .,cqucnce., for procc:-.sing emerged during the 1970s. 1980 
and 1990., ~ and originally ran only as command-line tool'> on Unix 
computen; u<;cd to proce"" lext file". Clirremly "oflw;'lre u.,lIally compares 
local "equencc file., again", web-acce ..... iblc databases such a., Sv.i.,.,Prot. 
GenBank or EMBL. BLAST and FASTA .,oftware remain hea\ ily lI.,cd. and 
software de\elopcd in the mid-1990~ ~till run~ on "ener., behind large 
bioinformatics \\cb"itc" "uch as GenBank. 

Sequence compari.,on algorilhm~ treat ~equence alignment .. ., an editing 
problem: how many ~inglc-character edit operatiom. arc needed to transform 
a given .. cqucnce inlo anolher gi\cn ~equence? The edit operations are 
"imple: dclele dl:lfacter, replace characler, in~eft character. b.lit di.,tance, the 
number of edit operation., separating different !'>equence." e,xpn::.,.,e., a degree 
or similarilY. A ,maIler edit di~tance irnplie~ greater similarity between 
.,equencc.,. But although the concept of edit di"tance (also known as the 
Leven.,lllein distance (Jones and PeVLner 200-l. 1(7) rcrrarne, ,cquence 
comparison ;\\ an information processing la.,k. it docs not ~ay anything abou t 
how to do it. 

After cnough cdit operations. any te'(t can bc transformed into another. 
After cnough imerh, deletes and replaces, any amino acid or DNA sequencC 
can become another. lIowcver. any 1\"'0 sequences arc linked by Illany 
different ,eric ... of edit operation,. For long sequence." huge number, of 
possible tran.,formation, exi.,1. The edit di.,tance could take on nwn) 
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diffe rent valucs. The real problem filr bioinformatics bet'omes Ihe 
.alculating the ··optimum alignment:' the minimum number of edits needed 
~o lIlove from one sequence to ,mother. Analogou., to phy.,ics· principle of 
con..en'ation of energ.y. bioinformmics holds a .. ;1 I{mnding axiom that 
optimum alignmelH c'(presse" "imilarity or kinship hetv.een biochemical 

enl i lie~. 
Finding Ihis optimum alignment, howc\er. i., hard and takes time even 

for .,horl sequences. As a recent manual of bimnhmllatic., wriles. ··What 
~ounds simple in principle i.,n·t at all "imple in practice. Clu)() ... ing a good 
alignment by eye is pos,iblc. but life i" too ,>hoft 10 do it more than once or 
twice" (Gibas and Jambeck 2001. 173). Unlike .,omc code-like silllations. the 
patterns and relations conveyed in sequence data '>urfer from convolutions 
and complicatiom. If only the data ,hov.cd regularily in its rclation~. if only 
the history of life \\ere not a history of accumulated errors, then 
hioinlormatics mighl not be needed. The prohlem with moving across a 
molecularized g.enealog.y i ... that '0 many movements arc possible. Which 
mo',:emenl is best? Which i, biologically ,ignificunt? 

Abstract movement in algorithmic time: 
"Bui ld an appropriate Manhattan" 

TIle Needleman-Wunsch alg.orithm. dating from the 1970s (Needleman and 
Wun\Ch 1970), provided an eolrl) and critical intervention in the sequence 
alignment problem. Vero;,ion., of it, algorithmic approach '>till lie behind 
much .,equence-alignment ... oftwafC. The slrength of the Needleman-Wunsch 
algorilhm i!i its facility in dealing with DNA sequence irregularity and 
rampant ··replication errors" (Jane., and PeV/ner 200·t, 167). Bioinformatics 
cannot assume a one-to-one relation nctween churacters in two !iequences: 
any number of insertion" or delctiom could have occurred in the course of 
evolution, reproduction or growth. Con"equcntly, finding Ihe optimal 
ollignmcnt necessitate .. many "hifh in ;llignmcnl bel ween the .. equences. 

Needleman and Wunsch'., appro:lch to the problem of sequence 
alignment and the later. more widely used Smith and Waterman (1981) 
variation are pre.,ented in contemporary hioinformalics textbooks ao;, 
examples of the core approach to algorithmic de ... ign called ··dynamic 
programming" (a term without any direct connection to programming or 
\oftware per "e). Bioillfonnatic,> ha., no monopoly on the usc of dynamic 
Programming in algorithmic design. Many logistical and communicalion 
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problem~. ranging from flight scheduling to voice '>cufching. ffiilkc u~ of 
dynamic programming approaches. intcre'otingly. dynamic programmi ng 
rnodel\ all problem'> in terms of traversals of directed acyclic graph~ 

(DAG\), or network\ in which movement can never go in circuit'>. 'nlis is an 
expressed in the injunction to algorithm designer ... (0 "build an appropriate 
Manhattan" (Jones and Pc\zner 200-1. 160). By transforming problems such 
as sequence compari.,on or text searching into a graph/network data. 
structure. and c;:arefully planning the order in \\ hich computation.., arc carried 
out. dynamical programming algorithms massively reduce the time needed 
10 lind the optimal alignment and thus a relalionship. 

Algorithm .. organize informatic time. We cou ld more ~ay morc generally 
that the "creative production of abstraction" (Wark 2004. 71) in soflware i\ 
not based on a better rcpresentalion of something (for instance. of Ihe 
prototypical situation modeled in soflware). Nor is it ba<;ed on a <;oluli on that 
pUiS an end 10 movement. Rather. the quile small reperloire of algori thmic 
design techniques u':Ied in contemporary soflware-dynarnic programmi ng. 
exhau':Itive <;earch. divide and conquer. g raph -ba<;ed approache~. heuristic 
techniques. genetic algorithms. probabilistic algorithms-(:ontains different 
form .. of movement that can be propagated or concatenated aero" .. different 
domain ... The transformations in computational ti me wrought by dynamic 
programming proceed via a process of abstraction that need, to be explained 
rather than .. imply allributed to .. oftware. The dynamic pro£ramlll ing 
technique ha .. been applied many time .. in bioinformatic, and other field, 
because it lays down an especially effective trajectory of computational 
movement between input<; and outputs: no technologically determined 
acceleration in hardware or proce~sor speed is at stake in Ihi .. movement. 
Rather. by virtue of the abstraction implicit 10 dynamic programming 
algorithm,. input<, move differentl) through .. oft ware. They undergo 
topologica l tran':lformation .. and reordering in time. When a bioinforl1latic~ 
textbook claim~ "development of new sequence compari .. on algorithm\ 
oflen amount<, to bui ld ing an appropriale 'Manhattan'" (Jone~ and Pev~wer 
2004. 160). it empha .. i.le, the intimate connection between .. pace (dn!il 
'tructure~) and itinerary (algorithms). The movement of touri,l~ vi .. iti ng 
attraction ... dOlled on the grid of Manhallan's streets provide~ a u-;eful .. patial 
metaphor for other t()rm~ of movement. For instance. in the Needleman­
Wun-;ch and Smith·Waterman algorithms. the ,equence~ to be compared 
become vertical and hori.lontal axes on a grid. Series of edit operations lay 
down path~ in the grid. and the ta,k is to find Ihe shortest path from the lOP 
left corner of the grid to the bottom right. 

Dynamic programming avoids repealing calculation .. that have alreadY 
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'n performed or returning to poinh on th\! grid that IUl\e already been 
be\~d Rather than trying to .. olve the '>pccitic problem of how to get from 
\1': ~int 10 another rno .. t directly (for c'<arnple. the minimum number of 
:t operat ions needed to tran .. forrn one <;equence into another). dynamic 

l'ramming algorithms build a table or array conta ining the be .. t scores for 
:~gpo .. ~ible movements (or transformation .. bel\\een characters of the 
sequence). Expressed in the 1110 ... t elementary form. by solving the general 

I'\lblem of movement<, betv.'een ev'ery point. dyn:Ullic programming makes 
~lIIding the best mo\'ement between two cho~cn point .. more efficient. 
somewhat paradoxically. by tackling all possiblc problems to '> tart with. it 
a"elerate~ solvi ng a particular one. The creative hack is 10 reverse the 
intuitive approach that would ,tart with the particular and ,hen generalize 
fn;)111 il. Put more loo'>ely. dynamic programming reverses normal or 
c\cryday temporal orderings of action. 

History as directed traversal of information 

By analogy with the perceptual animation of geomctric decoration. we could 
~ay that algorithms enlivcn movelllenh lifted out of everyday or existing 
"ocial orderings. Not just in bioinformatic ... but in .. ofl\\are more generally. 
algorithms reconfigure compulat iOll:ll operation, in ways that animate 
movement. They engender :Igential effech that capture not just visual 
~rception (as in geometrical decoration j. but \\ hole social fields of action in 
cngniti\,e·motor performance. What i~ 'ometime .. felt as the "inhuman time" 
of the machine is experienced by programmer .. ;1'> a "cut·diamond·like state 
01 grace" (Ullman 1997.21). Coding i .. an ab ... traction that spatiotemporally 
renrder~ cxisting movements. Well·known code constructs ~uch a.s loops. 
condilional tests and data !itructure ... (armys. queue ...... tacks. dictionaries) in 
popular programming languages .. fiord thi .. concentration or intensification 
of movements. But neither the code con .. trucl<, nor the principle of 
ab,traction intrinsic to algorithm work have any traction withoul a soc ial 
Iraming. Nearly all algorithm .. ar!! concerned with coordinat ing computation 
Within a relevant framing of .. ocia l time. The most ab,tract measures of 
algorithm ic complexity arc al~{J the 1110 .. 1 pro,aic in their concern with 
computational time and it.'> management. 

For contemporary biological .. cienti .. t~ at their computer screens. Ihe 
\I.'qucnces databases supply free f1ow~ of annotated .. equence data. and 
'equence.alignment software allow .. fa .. t computation of the relationship 
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between sequences. Sequence-alignments algorithms make available 
knowledge thaI hand and eye alone would take days to produce. As 
(2004) writes of sequence data. "it is there as data to be worked on" (44) 

The information may be highly fragmented. but the software at wcll- kno
wQ 

bioinformatics websi tcs such as those for the National Center for 
Biotechnology Informat ion or the European Bioinforrnatics Insti tute is 
frequently upgraded. modified and enhanced. It encourages continuous 
testing of relations to Olher con texts, other organisms and relevant 
taxonom ic class ifica tions. Alt hough the software prov ides little by way of 
automatic interpretation. these tools configure highly in tertextual recipienl'l. 
able to slip qu ickly along intertextual links bctween bodics of biological 
data. noting shifts in con text on Ihe fly. gathering and refining relationship, 
as they go. 

Finding 'iequence alignments i<; routi ne biological-knowledge worl 
today. The fir~t 'i tep in evaluating any newly obtained DNA or amino acid 
'iequence i'i to BLAST it against a relevant database. Sequence compari son 
cuts short many other kinds of biological research. Stories of how years of 
re'iearch have been cut down to week\ abou nd in the bioinformatics 
literature. Re'iearchers at the pharmaceu tical company Smith Kline Beecham 
were searching tor drugs effective again<;t a particular kind of bone cancer. 
They enlisted Human Genome Sciences in Maryland to i'iolate some 
potent ial candidates. When Human Genome Sciences 

round near·maldles for Ihe ,equl.'ncc" Ihey carried oul furthl~r analy'>Cs and 
di!;Co\ered that one sequence l!1 particular wa!> o\'erexpre~scd by Ihe osteociasl cdt, 
and Ihal il matched those of a previously identified class of molecules: cathcpsins. 
For SmilhKlinc Bcccham. that excrci~e in bioinformatics yielded in Ju,t weeks !l 

promi\ing drug targct that ~tandard laboratory cxpocfimenh cfluld nOI h,lYC fnund 
without year" and a pinch nflud. (Howard 20(X>. 49) 

At some point. the biological funct ion of sequence data needs to be 
redetcnnined. It needs to be mapped back onto living bodies or some 
lifelorrn. no matter how "cultured-up" in laboratories. The level of 
abstraction that allows sequence data to be moved across species difference .. 
works against any a/J iniTio computation or visualiLation of its biological 
func tion. Since the 195(}1-.. biology ha1-. mainly manipulated actual fragments 
of living bodies within living systems. As Lily Kay (2000) and others have 
shown. despite the metaphors of code and information, nearly all important 
developments in biological undcrstanding resulted from hench-work. not 
computation. For instance. careful biochemical assays, as well as X-ray 
crystallography or NMR spectroscopy, ascertained the function and shape of 
DNA, the amino acid sequence of proteins or the mapping between DNA 
codons and amino acids in protein ~ynthc~is (Kay 2000). Postgenomic 
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th I"bor"tou~ and tricky convergence between sequence 
. cumvents e. . , . h" h 

seience clr . I " 00 ",ble instead "creatin" a context In w IC " bod ies as 1l1l1C 1 as p .~~ . . '" . 
and \1\"ln ~ I . I componenh and processes may function as they do 

certain blo ogl~a . . .. (Tll'lcker "(}()4 21). Bioinformatics ~uspends 
I " in VIVO or In Vitro , - '. .' 

'natural ) .' b d" "n lahoratory systems. lIl<;tead searchtng In the . to II vll1" 0 les I, . . 
_'ourse :;. .' 
... ~ • databases for sllntiar contexts. , . 
or,equencc

in 
sequences into alignment with other ~equ.ences 1-.celll'i relallvely 

~IO:n: abstract in comparison to v..-orking WIth It\e cU.ltures. Howev~r. 
for~l.Il se uence-alignment algorithm inc~rp(~rate~ a .lmtory of. pno~ 
e\t:r) . q Ed"" rat",ons such as subSl11U\lon. Insertion or delellon arc 

- entS Itl ng ope . • . 1"1 ad 1 ahgn1ll .. . " . that distill the evolutionary Itke 110 0 
d ccorded to m.ltnccs - .. 

..core a .' M t '. such 31-. BLOSUM (Blocks Substlt lon 'cular substitutIons. a flces ,. . . 
part]. k '00') 174-5) incorporate accumulated bIolog ical 
,, -I X' see Les - _. . d 
, a fl . • . I I "tl In all 'Ictual al"onthms. a secon . more 'I dge mlo t 1e a gOT! un. ,. '" 
~no~::te spatiotemporal order shadows the abstract "hack': that or~ers 
con . I t" c and 'p'lce Scores generated by allgnmenl ,md mpulattona lIn .". . . h 
co " soltwarc .tre used 10 decide whether a chosen sequence mig t 
!,;ompanson " . d· II 
have a similar function to that of known protem.s or 'ic~uence ~enes. lUS 

" " h 1 tl work or evaluating bIOchem1cai funcllon on the \ldeslcppmg muc 0 1e ..' . '. 
laboratory bench. But this sidestep relies on the distillation 01 prev~ous 
laboratory work encapsulated in the scoring mat rix. Sequenc~ companson 

\eem ~ easy because this work has been subsumed il1to the algonthm. 

Algorithm and enterprise 

Much of th is entwining of concr!!le and abstract orderings in algorithm~ is 
"" "b" "f ' t··, however the concatenation difficult to access. In the held 01 10m orma lC~. . . . 

"" I , "till with other Information or sequence-companson-allgnment a gon 1t ~ . 
. .' . d"" b tracked By annotating. cross-relne ... al systems IS sllil proccedmg an c.1I1 e,· . 

. . . ' I " I" I" " t"on source~ <;0 that connection, hnkmg and reformatting blO oglca III orilla I· . 
" h" ol·t sinole computcr screen. between them become acceSSIble on t e sp.lce ,. e 

b· . . . I"" b dOc' a· k"0wable and transformable. IOll1formatlcs potenl1ates IVlIlg 0 I, " , . ' 
. .. _ . . I" >Id t" pos ible translonnatlons and B]Olllformatlcs envelops them 1ll.1 Ie 0 s '.. . 
.. . . II h lateri'l1lxactlce ( pOInt and sUbstlltHlOns of hVlIlg fragmen". a t lOug as an. . . 

click biology"), it does not get its reet wet in lab cultures. Declsl0l.1S ab~ut 
~ imilarity and relaledness arc being resilUated Ihrough. ~nterpfl,>e-wld~ 
" I" I' t tunlly sophlsl1cated ,>oftwan; In formation systems. A new cia,,, 0 m ras ruc ' .. .' ... 
is adding lllany new connection'> between many biological data sources. 
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Bioinformatics <;oftware prodllcer~ ~uch a\ Lion Bioscience, 
DoubleTwist. Inpharmatics and NetGenics promise enterprise-wide 
over biological information in corporate rc~carch environments. 
website proclaims. for example. that "NetGcnic,> DiscoveryCenter is 
software environment Ihal provides an integrated view of chemical 
bio logical information held in both internal and external repositories. 
providing an intuitive and comprehensive view of research I 

wherever it is held. DiscoveryCenlcr imprO\cs decision-making in 
research at all1evels.'·6 

"Discovery" i" a key term here. Enterpri..,e-wide systems figure 
in the "new" mode of "discovery science" following in the wake of large_ 
scale gene- and protein-sequencing projects. Many current research 
programs and highly capitalized projects for drug discovery. for instance 
promise the dctection of hitherto unknown featurcs and properties • 
bio logical molecules through computer database searching and comparison. 
Computer s.yste~ls. and in particular. software systems des igned to integrate 
sequcnce, functional and evolutionary knowledge. ha\c begun to abound. 
The names of such software-ISYS (integrated system), Ensemb1. Apollo. 
GeneOntology, DiscoveryCenter. BioNavigator. SRS (sequence rctrieval 
system)- highlight contemporary imaginings of fly-through. in-thc-round, 
dri ll-down. scaled-up biological-knowledge synthesis. 

. The visual interface for expert users of these systems, often pre~ented as 
e1\her a webpagc or an intricately color-codcd bar graph, organizes pathways 
through biological information sources. Tree and list visuali.lation of 
rclalions between different kinds of data abound. Postgenotnic tooh such as 
GcneOntology turn to hierarchical trees and data models to organize and 
present information. These sySiems. with their dynamically updateable GUI 
(graphic user interface) controls. anticipate direct mouse-driven 
manipulation. DiscoveryCenler. ISYS. GeneOntology and LionBiosciences' 
SRS present thcmselves a~ ways of blazing new paths bctween gcnes. 
proteins and chemical compounds. New research institutes crop up around 
ncw .. bioinformatic techniques. The Institute for SY'·;tems Biology at the 
PacIfIC Northwest National Laboratory in Seattlc and the Biomolecular 
Networks Initiative (PNNL 2005) push towan.h intcoratino diversc kinds of 
biological data. At the Institute for System,> Biol~gy. aO May 2001 press 
rcleasc claims: 

Thc In,titutt' for Sy\tcnls Biolo!;y i\ formed around the fC:!li/ation that advancing 
hlotogy 111 the 21,t Century wil1 rely on u,ing luhanced biotogica] :!nd 
computation:!] technolngic, to gencrmc and corrclmc mally differcnt k,eh and 
t)"1X:~ of hiotogicat inform;nion. [ 'nlike traditional scientific Ilppruaches that 
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.• ' inolc gcnCS Of proteins . ..,y~tem.'> biology focu,e., 011 ~illluttaneou~ty 
ellaiUlIlC SO" . . . "c complex intcraction of \i[',1 numbcr~ ot blologKal c\emcl1I'. (hl,\ltutc 
~tUdylllg In . 
for Sy~tem' Biotogy 2001 I 

.,.,'10 researchers acros .. biology, computing and a ... trophy ... ic .... the 
Recrut eo . .... . 
. cks to couple different kind ... ot bIOlogIcal and blOchcmlcal 

institute se ' 
iDfi mation and move between them. 

o~fforts to link diver ... e biolog.ical d~taba~es ... tron~ly rescmble 
"enterprise" information sy .... tem ... in domal11s ltke e-buslness and . e~ 

rec 
in which couplln" databa ... es and processes (clistomer-d,\Ia 

COmme ' . ": . . . . d 
warehouses. billing and audltl11g softwar.e, JlI ... t-ln-~lme schedullng ~n 
inventory systems. reporting s~stems,. deltvery-t~a~km~ process

e> onlme 

b 
. les etc.) has becn the object of lnten<;c actl vlly S111ce the 1ll1d-1990s. 

we sa . . ' . . 
Signifi cantly, the project of buildl11g Clltcr~n ... e-wlde system ... now t~anSplres 

a new mode of doing science or prodUCing knowledgc. Ilaraway <; (1997) 
~rdse "Nature enterpri'ied up" emphasize'i the inscparability of. busincs'i 
and biological problems. For instancc, reflecting back on a mectlng at the 
inception of the Human Genome Project during the 1980 ... , Leroy Hood 
(inventor of an important kind of 'ieqnencing robot at CalTcch, among othe r 
things). says that the "genomc introduced to biology a complet~ly new 
approach. which I've since come to call 'discO\ery science: It's the Idea that 
you take an object and you dcfine all its elements and you create a ~'lIa~ase 
of information quite independent of the more convcntional hypothe ... 1 s-dn ven 
view" (Hood 2(01). The idea that 'iequence-driven biology could adopt a 
"completely new approach:' which Hood cal]<" "discovcry sciencc." 
underpins hopes and expectalions associated with bioinformatics. Although 
cloning, germ-line and somatic therapy remain very problematic and hardly 
nearcr any clear technical resolution. thaI kind of work_"d.i'icovery 

science"-has a high priority in new domain'i of knowledge and bUSllles'i. 
The notion of "discovery" becomcs very complicated undcr thcse 

ci rcumstances. As Marilyn Strathern (1999) writes. "Euro-Americans 
witness on the one hand an increasing emphasis on corporealisation 
(biology). and on the other hand an increa'iing value given to conceptual or 
mental effort" (21). Di'ico\'cry science strains to encompass an increasingly 
fi ne-grained technical plying of living proces'ies ("corporcalisation") on one 
hand and an increa'iingly mobile. ab"tracted 'iet of propCrly arrangements 
validating "mental effort" on the other. The {(mion" flow frolll the 
interfaCing of mental cffort emhodicd in thc pcr-.on of the rcsearcher­
corporation with living processe-. figured as highly dislributed information 
systems. AI the "amc time. as the concept of gene fragments (Kcller 2000) 
and genetics become cntwined with development biology. properly relations 
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attach intcllcclUal legal rights to the "invention"' of individual genes. 

Articulating diverse realities 

Like most "oftware, enterprise biology information ..,y..,tcms emerge from 
tor"ion between biological life and intellectual property. which art iculate 
diverse realities. Attempts to integratc biological data-seyuence. molecu lar 
shape, metabolic function and characteri,>tics- focus on producing a locality 
where the chaotic merging of datasets takes on clearer ..,hape for re,>earchen;. 
These :-,yslems marshal ,I comprehens ive corpu:-. in who:-.e heavily annotated, 
cross~hatchcd margin" many different source" of biological data can be 
traversed via the i t inerary~making capacities of bioinformatic algorithms. At 
a distance from animal bodies that live and die in research facilities. and 
from people struggling to comprehend thc implications of individualiLed 
predictive medicine. these systems reanimate biological data within the 
highly organized :-.pace of computer sc rcens connected to private and public 
data repositorie:-.. The very design of the user interfaces. with their profusion 
of w indows. trees. tables. lists and diagram.." "uggests the potential for 
repeated searches. comparisons and annotations. At the..,e interface..,. an 
inventor-researcher's mental effort and authorial personhood closely 
accompany movements across biological data. Any promising connec tion or 
simi larity can be quickly named, :-.tored and retricved. Enterprise b iology 
systems scek to fertilize the ground for hybridiLation between different data 
sources-a hybridization largely focused on ensuring that registered proper 
names and property rclations stick to any new relation betwcen (fragments 
01) living things. Somewhere in all the point-and~clicking at the interfaces. a 
moment of discovery might surface. an event that implies a new capaci ty for 
some living thing might become visible. These sy:-.tcms help biolog

ical
-

knowledge enterprises nurture. name and claim a connect ion that others have 
not yet found. In their tracking and recording of path ... between data sourceS. 
in aU the mcchanisms for searching. labeling and annotating these system,> 

provide. moment" of invention or hybridization became nameable. 
In relation to an earl ier phase of h..:avy business/organizational 

informatitation. Geoffrey Bowker (1994) addresses this articulation of 
diverse realitie ... through the concept of "'information mythology," arguing 
that "'there is:\ dcar link between the nature of the univcrse and the way to 

run a bu..,ine"s. Information mythology is not an epiphenomenon gcnerated 
out of thin. hot aiT: it describes an integral part of the economic process of 
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" SOC'""l\ and wltmal space and time so that 'subjectivc' information 
rdeTi ng .' ' . . o " late free ly"' (245). According to Bowker. recurrent c\allllS that the 
'an clrcu . d f 

1,; . . m'l\ter or life itself is information cannot be tu\1y decouple rom 
universe, ' . d " ic orderino of space and time accompllshe over centune:-. 
(ln econom e' " 'd 

\ 
transport infrastructure management. record-keepmg an 

(throug 1 . . . \ " \ \" "" " n'd practices) The more amblt loU:--' c auns mac e or 
organl ;';a to • ,. . \"" f " " f natks since the mid-1990s have been tollowed the s Ip:-.tre.lll1 0 
bloln Of! '. "'. \ " \ " . forms of "infonnatlon mythology. Fo\low\Ilg Bowker. any c aun t lat 
other . d "\ \" \ \"," " \" d 
"f " " \"or,nat;on covers over the complicate socm. tec lIllca, po I IC.\ .111 

h CISlil " ...... . ",e nexus where exchanges among liVing bodies. techllLcal pi ac\1ces 
e,onotll .. . . . 
and economic value occur. Extending his argument. ligures bl~\Ilforma\1cs as 
an intellectual-economic process of ordenng cert.aln ab:tracted 
determinations of living bodies (1)equence data) so that I~f~n~la t lon c.an 
"" \", 'e (more) frecl)' throuoh them. Today, any account of b\olIlformaucs 
I,;lfCU • =' . . f a~ an enterprise must countenance an intersection between the mobility ~ 
"lateral alignments"' and the vertical anchoring of sucl~ movemcnts In 

intellectual effort and creativit), attached 10 properlY rc1a~lon". Natu~e and 
bU!iiness intersect there in ~pecifjc ways. Most of the c\atms made tor the 
potency and centrality of bioinformatics i~ ,de~odi~~ the book of life, ~e .. ~ .. 
Gilbert 1992) simultaneously concern "Ide Iheif and how to or~antze 
property relations so that thcy circulate more freely through \ivi~g b~ies ... 

No doubt. bioinformat;c!. must be understood as substanual <;clcnuflc 

knowledge project. but its workings cannot be evalu.ated witl~out reference t.o 
nature "enterprised up." Bioinformalics syntheSizes sOCial and organic 
!>paces and limes in a hybrid economic-infonnatic manifold. The software 
tools. interfaces and website portals built around the sequence databases 
potentiate movemcnts. The software cnsemble" of postg~~omic di~cov~ry 
science symptomatiLe cross-cutting collective imagll\~n.gs ammatlllg 
contemporary biopolitical cultures. They shed light speCifically on how 
biological corporealization and Ihe generation of new forms of. proper~y and 
innovation attach themseh'es to movements of data, and In particular, 
through movemenh of data modulated by enterprise property relations. 

Agency of algorithms 

For an account of the contestations of agency a,,1>ociated with ..,oflware, three 
general implications can be elicited from how bioinforlllatic~ trca.ts s~q~el1ce 
and order. The first concerns the process of ab"tractlOn mtnnS

1C 
10 
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algorit hms. Algorithms do not simp ly speed up computation: they in,titule 
composite time and space in which existing ordering, and sequences 
both preserved and reconfigured. Algorithms naturali7C and animate Oed 
and sequence. The cornerstone problem of bioinforrnatics. 
a li gnment. approaches living systems as a problem of where and in What 
order [0 place events or times for organi<;rus. Dynamic programmin 
techniques map a problem as a sct of possible itineraries in a network a~ 
then generalize the itineraries ( 0 cover all possible starting points and 
destinat ions in a network. The abstraction gencralilcs Ihe possible 
calcu lations and thereby makes space for many different transformations. It 
also ~ake~ i ts~lf gencm lizable. which is why the dynamic program mi ng 
algOrithm IS said 10 have been d iscovered a number of times in different 
domains (operations research. bioi nfonnatics. telecommun ications and 
s ignal processing). 

The second importan t implication concerns the entwined framings at 
work in algorithms. Every abstraction is relative to a concrete fram ing (for 
instance. the scoring matrices that distill previous laboralory~produced 

biological knowledge). Cons iderations of computational space and ti me can 
be found at each level of abstraction in algorithmic design. ranging from 
theoret ical estimations of algori thmic complexity (linear. po lynomial, 
exponential) to opt i mization~ in the rlow of code that individual 
programmers implement in well -known algorit hms. The crafting of 
computational time. espec ially wit hin the bounds of real-lime perception. is 
a key aspect of this frami ng because it allows software to rlow in to everyday 
life. However. the time and space of computation organi7ed by any 
algorithm is always caught up in convent ions of positioning and sequencing. 
The injunction to "build an appropriate Manhanan'" env isages applications 
of dynamic programming to other domai ns (for instance. signal processing 
in cell ular phone networks). but only insofar as those domains arc already 
imagined as spat ially ordered and temporally sequenced. The incorporation 
of prior knowledges, codings and practices within the sequence of ope rat ions 
attaches specific frames and patterns to the relatively abstract space and ti me 
of algorithmic process. Just as sequence data is hardly ever treatcd in 
isolation from journal references and scoring matrices. all algori thmic 
processes blend historically disparate practices. knowledges and 
conventions. Regarded algorithmically. e\'en the most sophisticated. 
di:-.tribuled. multitier software is nothing other than a coalescence of 
positioning and sequencing conventions. some relating to social conventions. 
some, as in the case ofbioinformatics. relating to physical proce~ses. 

The third implication conccrns the points of attachment between 
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,tgorithlllS and other movements and spaces. Algorithlll.'. are not neutral 

itJrIIlal pr~~dures. In algorithms that p~e~i:t or correlate scqu:nces ?f 
nts in hVl11g systems, the treaLlllent 01 liVIng systems a" algont hms 111 

:=Cess is en meshed with the broad~r promi<;es of biofo~l~lat~c~ as source of 
"entific knowledge and economic value. The posll loillng knowledge 
~uced by bioinfonnatics forms an intersection between axes of biological 
knOWledge and the political economy of biotechnology. Algorithms 
dtemsclves are animated: they induce movement between inputs and output<;, 
_ are themselves caught up in diagonal 1ll0vemenh between biological 
powledge and property value. movements characteristic of the new media 

biOtechnology economy" 
Whereas the prcviou~ chapter argued that instab ilit ies in the mode of 

existence of code <1<, expression and action set software up a field of 
contested agency. this chapter has proposed a ~econd trajectory that departs 
lrom thc mode of ex istence of code as algorithm. The conte<;tation of agency 
IIere conccrns how action is both naturali7ed and animated. made to scem 
ordinary and extraordinary. Here the conte<;tatioll of agency pivots on the 
composite. concatenated patterns and orderings that algori thms condense. 
No algorithm. it could be argued. i~ evcr safe frolll being transported to a 
different contex t, but neither is any actual algorithm unattached from the 
GJdering.'.. positionings and sequencing.'. that increasingly weave software 
mto environments. In the next chapter. the 70ne of contestation widell.'. as we 
follow how code circu lates on the shifting terrain of commodity hardware. 



Chapter 4 

Kernel: Code in time and 
space 

The kernel of an operating ~),tCI11 j, it, c"scntl<ll component. I 

Martin Campbel l-Ke lly (2003) divides the hi~lOry of the software indu ... try 
between 1950 and 1990 into three phases: .. ..,oft\\arc contracting. corporate 
software products and mass market software products" (3). These sectors 
de\,eloped as software product ion <; Iowly drew apart from computing 
hardware development. In the 1950..,. software was written by in-house 
programmers with imimate knowledge of hardware specificities. In the 
1960s, it was contracted out to programming. service'> cornpanie~. which 
were themse lves later replaced by "corporale software products" "uch as the 
airline reservation. document and file management. banking. billing and 
accounting systems. Mas~-market software products like Microsoft Office. 
Adobe Photoshop and Macrorncdia Dreamweavcr are a more recent 
~evelopment. emerging sometime in the late 1970s. In a small hi~torical 
Irony. the first mass-market ~oftware product was a programming language. 
Mi crosoft Basic (Campbell-Kelly 2003. 205) in 1975. It was later followed 
by many personal computer operating systems (C P/M in 1976. MS-DOS in 
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1979) and application>;: spreadsheet" (Visica1c. 1979). word proce,>sors 
(WordStar. 1979). databases (dBa\cl L 1980) and game'> (Zork. 1980). A~ an 
economic-cultural products, mass-market software [or per\onal computers in 
the 1980s "had almost no connection with the existing software industry and 
therefore established most of ib development and marketing practices de 
novo" (Campbell-Kelly 2003. 227). 

Would that disconnect hold throughout the 1990,>, when l11a .. s-market 
software. corporate software produc t!. and software contracting came into 
proxirni.ty as new forms of connection (the Internet) and generic. commodity 
computing hardware (the personal computer) proliferated? In the novel 
Distraction. author Bruce Sterling (2000) de~cribe~ a future sccnario in 
which the software indUSlries have keeled over. By 2044, China has flooded 
the world's computer networks with pirated copie~ of commercial .. oft ware. 
The American economy, long propped up by monopoli.'.tic intellectual 
property arrangcments, has consequently collapsed. Bands of unemployed 
technicians, programmers and engineer.'. calling themselves Moderalors 
roam through splintercd urban and rural LOnes of North America harvesting 
technological junk and waste products. extrac ting energy. discarded 
components and matcrials and recycling them into tool .. , enemy and 
materials for their own u'>c. At the center of postconsumer n~madic 
Moderator life stands an important infrastructural component: the servers. 
The Moderators' servers monitor. collate and record the .. tatu .. of members 
of the community, Individual slat us fluctuates in real time in re .. ponse 10 

continual !'ierver polls of thc community to e\'aluale individual cont ribution~ 
10 the life of the collective. 

In certain respech. Sterling's scenario is not too far from some 
contemporary realities of the software industries. Although software 
developers do not in any large measure regard thems~l\'es as a 
disenfranchised nomadic underclass. and property righls have not collapsed 
(in most domains). ~oftware inc reasingly attracts the complex col lectiv\! 
orderings that Sterling describe ... Important sector..:; of sofl\vare production 
are in migration. tramnationally between the United Kingdom/Europe/the 
United States and Asia. and transinstitutionally between corporations. 
univer~ilies and loo .. e aggregates of paid and unpaid workers. Software 
~ork.er .. ~ove from Asia to Europe and the United States under special 
lInnllgratlon quotas, just as European and American companies outsource 
their software development to software houses in Indi a or the Caribbean. At 
the same time, distributed soft\'v'are projects relying on net worked computers 
generate large-scale code objects such a~ operating sy~tems and web servers 
that leading corporate :md personal com pUler enterprises such as IBM and 
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APple take up. sponsor and promote. Individual programmers such as Linus 
Torvalds, Larry Wall. Alan Cox and Richard Sta llman reach celebrity status 
withi n programming. cultures and minor stardom in the mas .. media, 
including books. maga7ines and cinema. 

The agency of distributed objects 

Previous chapter~ highlighted sOllle slippages in the distribution of agency 
associated with software artwork~ and algorithm ... Those chapters assullled 
that code objects (in the form of artworks or algorithms) could be 
analytically isolated in a morc or less discrete. static form. They also 
bracketed the question of whethcr codc can be "intcntionalizcd" as the 
product of an indi\ iduaL Thi~ chapter explores a more extens ively 
distributed object and ib as .. oc iated agencies, the Linllx kernel. the core 
code component of GNUlLinux operating systems. Although at times Linux 
has figured as an art object (for instance, when it was awarded the Ar~' 

ElectrolliC:lI 1999 Golden Nica prize), it complicates notions of individual 
soft ware production and of software as algorithm expressed in code. This 
chapter investigates some involutions in agency associated with the 
polymorphou~ Linux kerneL 

In many academic and nonacademic accounts, Linu x is often cited as the 
epitome of free software or ··open-source" software. a term coined by 
commercial software producers and computer book publishers in 1998 10 

dispel the more financially disturbing connotations of ··free·· software during 
the dotcol11 boom. ~ Linux has made the cover of Time (in addition 10 

frequent editorial disclls~ions elsewhere) and generated substantial 
speculative activity on financial markets during the late 1990s (Taylor 1999). 
II ha~ enrolled tens of thousands of programmers and ~oftware developers in 
(mostly) unpaid software development projects. At the same time, Linux and 
the th . . .0 er major open-source software proJcct. Apache, a web server, have 
rapidly slolled into corporate software industry at companies such as IBM . 
Co~paq, Hewl ett Packard. Oracle, Apple and Sun Microsystellls. All the 
while, open-source software has generated huge quantities of 
metacommentary about software (of which thi .. chapter forms a part), and 
Challenge~ the blackboxing (the process whereby tbe workings of 
technological commodities are closed against ouhide interference) of 
~Ommercial software in important domains. Many aspech of Linux are ripe 
or analys;s' '" d·' . r: L' .. . ., y ISCUSSlOn locuses on mux as a distributed code object. 
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The problem of understanding distributcd. '"open'" objects is not new 
Alfred Gel! (1~98) .. in. an innovative treatment of Polynesian runerar; 
artworks and ot artists oeuvres (221). handle~ such en"emble entities_ 

entities with co.n~ponents wid.elY ~c~tlc~ed in ~pac.e and time- by allaehing 
them to a cogmtlve process, Itsell distributed In lime. The core idea is that 
the te\llp~ral modifications of mentJi states (for instance. of a social group 
or an artist over the years) are externalizeLi in the relations between the 
objects composing the ensemble (the paintings composing the oeuvre; the 
gradually modified production of funerary carvings in Marquesan cultures). 
Echoing general findings in phenomenological investigations of ti me 
consciousness (Husserl and Brough 1991). cogni tive anthropology (Hutchins 
1995). science studies (Law 199-t) and cognitive science (C lark 1997). but 
supplying a detailed model of their application to art objects, Gcl1 argues 
th~t the .c ~lsemble.s in question isomorphically correspond to the temporali ty 
01 coglllllon '"Wri t large and rendered public and accessible'" (Gel1 1998. 
236). Although the hypothes is that technical systems externalizc human 
cognitions or practices is staple in new media and cultural studics (e~pecially 
those influenced by the work of Marshall McLuhan (199-t). Gel1's detailed 
analyses .of spe.cific stylistic features of Marcel Duchamp's worl-. or carvings 
on Maon mee\lng houses in terms of the temporality of cognition heads in a 
different direction. suggesting how colleclions of objects modified over time 
and dislributed widely in space might be conceptualized differently. 

From the standpoint of the temporality of cognition. code objects are not 
10 be read as static forms. but as temporal entities made up of relations 
between different mental slates. Code itself. a<; mosaic of relations (see 
chapter 3). carries some of the relationships that ex ist between mental state<; 
of its produce rs in time. A~ later discussion will cmphasize, the Linux 
kernel. dating from late 1991. is not an original or totally new thing. It 
explicitly clones a well-known operating system, Unix. dating from the late 
19605. At any moment in time. as Linux provisionally stabilizes in a 
'·rele'lse." the sou rce code undergoes constant modification. with "patches" 
appearing every few days, and major releases at least every year. Spatially 
too, Linux is a highly distributed object. A loo~e corpus of source code. it 
con~ists of se\cral thousand files organized in an intricate tree-like hierarchy 
(Linux Developer .. 2oo-t). When compiied for execution on a particular 
hardware platform. these files are tran~forllleLi into a "ingle large object (the 
"kernel image'") and a duster of associated modules. Modifications of the 
kernel source tree usually concern a slllall number of files located along 
some branch. Occasionally, the tree itself is reorganizeLi. Programmers work 
Oil specific regions of the source code. and their work is "committed" to the 
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I I 
oh a series of stepS moderated by "code lieutenants:" The very 

"erne t lfOUo . d ... "kerner' (or "corc") implies a centering. Even after more than a deca e 
ternl I menl the code that flows into the latest ver~ion-; of the kernel 

f devc op· . . . o the work of Illany indiViduals "caltered around North dnd South 
frolTI . Europe Southeast Asia and Australia i:-. closely controlled by and 
Arnenca.· ~. . . . , 'fi d with onc person. the Ftnn1sh programmer LinUS Torvalds. 
.denIL Ie .' . 'I- . I 1 

N 
. her the quasI-celebrity slatUS of Torvalds nor the n; ,lIne y 

ell I' II' ' 
t
'onal architecture or technical features of the kcrne LIse constitute 

conven I < .' I 
radical innovations. So how does SOI11C.lill11g such as LII~UX ~eC~1Il1~ t lC 

, f ',nten,e feelin('-' How does 11 manage to enlist hdckers and 
~~o • , " 

rourall1nlers 10 work inordinately hard on It. and at the same \lIlle become 
p • I ' 0 that Wall Street West Coast ventu re capital. the Pentagon. the 
solllet llll

o 
. . . . .. 

European Union. schools in Goa. the Japanese governm~nt. .antlglobalLz.ttlOll 
protesters in Genoa and many other in<;lilLltions. orgalllla\lOnS, groups and 

individuals see as a common solution to their problems? . ' 
Exacerbating slippages in agcncy that we've secn code can trigger lor 

I 
J"fe and art. the onooin" development of the Linux kernel can be 

aw. lOCO • I ' 
understood as a partial solution to a more general problel~l 01. the re ,~\lon 
between information infrastructures ,md the cultural life 01 soh ware. LlllllX 
represents software-associated collective agency. in the process. of 
constituting itself in the production and circulation 01 ~ode. Becau~e codl.ng 
docs something. this ongoing constitution is perfonnatlve. The perlormauve 
constitution of collective agency associated wi th Linux is complex. Just as 
the Linux kernel coordinates and schedules computing processes in time. so 
too the ongoin" development of Linux coordinates and schedules many 
different progra7,lmers' work in time. The social organizatio~ of code work. 
and the operating system itself as ope~ational o?ject. c?nstltute a coupled 
process in which describing. and enactlllg what IS deSCribed, coalesce. The 
earlier analysis of code as perforillative in relation to authorizing c~ntexts 
(~e chapter 2) is developed here in tWO key respects: code und.e~p11l~ the 
effi cacy of Linux as an operational technical object. and code ~aeli1t~\tes the 
emergence of Linux as a cultural formation that elicits afllr~lat~ve. and 
negative identifications on the part of programmers. con"umers. IIlstlt.U\lOns. 
organizations and corporations. Put more abstractly. the mec~aTllsm to 
externalilc the temporality of cognition in Linllx is '"a self-reflexive use .o~ 
refcrence that in creating a representation of an ongoing act. also en~cts It 
(Lee and LiPuma 2002, 195). Glossing Gcl1's suggestion that collecllons of 
objects are an indcx of cognition in time . il can be argued that the Linux 
kernel functions as an intricate indexical icon. something that recursively 
refers to a description of itself. and in doing so performs what it describes. 
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The operationality of software 

Operating system software has since Lhe 19505 provided a way to 
ci rcumscribe and conceal computing hardware specificities. However. as the 
sociologist Scott Lash suggests. platforms constitute /OJlCS Oil wh ich 
"technologica l forms of life" depend (Lash 2002. 24). Linux constitutes one 
l>uch LOne. An operating system operat ing at tens of millions of different 
installations. it i~ a particularly important platform as a <;erver. a basic 
component in the construction and extension of the Internet. As in Sterling's 
futuristic Di!itracrioll. contemporary server" multiply relations in 
informat ion nctworh because they offer services: Ihey provide modes of 
access and channel data through information networks. Some servers :.end 
webpages. some receive and send email messages. some transport or stream 
audio or video. Dozens of prOloeols (IP. TCP, ICMP. FTP. IRe. SSH. SSL, 
and so on) regulate this movement of data (Galloway 2004). Becall'.e it 
quickly came to operate as an Internet server. by the 1990s. Linux inhabited 
a domain where contemporary problems of work. property, 
cOlllmodification, communication and production were played out intensely. 

Like other operating systems produced by Microsoft. IBM, Sun 
MicrosYMems. Novell or Apple. Linux pUIs layers. many layers in facl, of 
code between the loosely assembled commodity hardware (CPUs. 
motherboards. disk drives. network interface cards. graphics and sounds 
cards. and so on) and the application software (web servers. databases. word~ 
processing programs) on which users of the Internet (email. the web. 
UseNel) focus. using individual graphical desktop user interfaces. Linux 
differs from proprietary mass-market operating systems sold by Microsoft 
and Apple in that it <;pans different hardware platforms. ranging from 
handheld computers (Shah 2002) to game consoles (such as Sega Dreamcast 
and Sony PlayStation) to IBM supercomputer clusters. In the late 1990s, 
Linux "ports" or adaptations began appearing for many embedded or real­
time platforms used in controlled noncomputing devices or systems. 

Which operating systcm rtlns on a givcn hardware platform \\ould not 
normally appear a~ a pressing cultural issue. Although Linux originates in 
the relatively affluent domains of univer<;ity computer science departments. 
corporate IT departments and research labs. and various American software 
companies, in the network cultures of the 1990s (Terranova 2004) Linux 
quickly migralcd Ollt of the elite domains of computer science. This move is 
symptomatic of contemporary tl!chnological culture. Lash (2002) suggests. 
"In the representational culture the subject is in a different world than things. 
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In the techno logical culture the subject is in the world with things" (156). 
Within technological CUltures, operating systems and server ~oftware 

become cultural by virtue of the density of the mediations and relations tilat 
ru n through and tex ture them. As culture becomes "operational:' 
information technologies. software in particu lar. become more lively and 
convoluted. Software merges into wider circulatory practices of on..Iering and 
di ffe rentiating value. Increasingly representing and regulating differences in 
some ways and not others. once-infrastructural mailers (like operating 
systems, protocols. algorithms and code) figure as singularities. 

An operating system is hardly a mass medium in the sense that 
television or newspapers are media. Nor is an operating !-.y<;tem a message 
whose content or meaning can be analyzed semiot ically in the way thai 
advert ising sign-systems might be. Certainly. operating systems are branded, 
packaged. circulmed. regulated (as in the U. S. allomey general's antitrust 
action against Microsoft's Windows operating !-.ystem) and consumed in 
global mass markets. Yet at the satHe time. a<; Linux indicates. an operating 
system also resists reduction 10 a conventional commodified object. It 
constantly modulates as it Illoves through a distributed collective of 
programmers and system administrators. The same thing cannot be said for 
computer hardware. Almost without exception. computer hardware is 
commodified and its mass production is highly industrialized. The very 
existence of an operating system such as Linux, which cannot be easily 
located within any existing seclOr of the software industry, challenges the 
analytical distinctions among production. circulation and reception 
(consumpt ion. use. speclating or audieneing) relied on by social sciences and 
humanities. If much <;ocial and cultural theory relies on that separation de 
facto, the question remains: What kind of cultural object is Linux? 

Technical performance and performativity 

The principal claims made for Linux- Ihat Linux performs beller than 
Comparable commercial products of the software industry because it is 
"free" and produced by a loose federation of programmers- have been 
remarkably consistent. Leaving a~ide for a moment the question of whether 
Or how Linux is free (a question that has preoccupied most analysts of free 
and Open-source software), Linux bas becn and continues to be hea\ ily 
figured in terms of its technical performance. Measure~ of the performance 
of SOftware are complex. contested, and very dependent on context. In 
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infr:.\truclUral application ... reJiabi1il) i ... paramount. For in<;tancl!. an 
advertising campaign for the dalaba<;c and "cnterpri"c infra\tructure" 
company Oracle claim ... that Linux and Oracle together arc "unbreakable" 
(Oracle Corporation 1999). Computer companic\ ... lIch :I~ IBM. Compaq. 
Hewlett Packard. and Dell. as well a ... retailer .. like \Val-Mart. all currently 
sell Linux on thi .. basis. They mar"-ct Linux to corporate and government 
client... In China. where legal control,; on inlcllcclUal property are beginning 
10 be enforced as a comJilion of membcr.,hip in the World Trade 
Organi7ution. the TurboLinux distribution out .. ells Micro ... oft Windows 
(Turboli nux 2002). We cou ld say then that Linux \ popularil) figure;; largely 
in terms of performance combined with low or 7ero co ... !. How can that 
performance----denoted by terms such a., "unbreaJ..able:· "proven performer" 
(Redhat Corporation 2()().l) or "stability"-be analyzed without falling back 
on a naturalilcd or tcch nologi.,tic undcNanding of performance? 

Technical-economic performance of the ... oftware i., coupled. in ways 
that need to be ana lyzed. with perform:ltivity. a mode of cOIl'..tilUting .. ocial 
agency. The technical performancc of Linux i .. .,itu:lted within a context that 
figures information and communication proccsse., a., the ep itome of 
po.,tindustrial power and productivity. The productivity of the digital 
economy framc .. any perception of the technical performance of Linux. As 
power become., perforrnative-"power it.,elf is no longcr primarily 
pedagogical or narrathe but inslCad itself pcrformative"' (La ... h 2002. 25)­
informlltion and communication networks become important \cnucs in 
which power materializc.,. But what does it mean to "ay that a code object 
becomes pcrformathe"! Given the many ways . .,ites and levels at wh ich 
pcrformativity works. and the problems of class. race. gendcr and sexuality 
for which the concepts of performati\rity ha\e hcen most often used. how 
docs an object like Linu, participate in power? 

Performath ily re.,ts on ex tralinguistic dimen"ion.., of linguistic prax iS. 
The wide ranging discussions in social. political and cultural theory of 
performati\'ity oV'er the la.,t decade., (Butler 1997) ha\'e \ought to emphasize 
thi ... pragmatic dimen\ion. Something .,peaking tloes something becau .. e it~ 
ullerances are "redoubled" (Butler 1997. 11) by acts which cannOI be fully 
recognized or made audible in the ullerance. No statement is ullerl) 
di\I,ociated from bodie\, places or times. Although utterance., sOTlletime~ 
have a "divine" agential effect. that is. they sometime., lllaJ..e things happen. 
such occurrences ncccs\arily elidc \ornething attachcd to the utterance. A"­
we .,aw in thc analysis of forkbomb.pl. the practicc .. and \ingularitics of an 
authori7ing context tran .. port a \peech act and lend it force. In principle. 
computer code. an exemplar of formal clarity and univocity. prcsenb an 
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un likel) candidate.:: for pcr/ormati\e anal) ... i<; ,incc it "'0 emphatically 
;1b.,trach from ambiguilic" of place. location. time and bodie\. This 
abstractiun effect depcnd~ on the production and circulation of code 
rema ining invi.,ible. Lin u,\'s \ingularity con..,i"t., in how it \alorilcs practices 
of coding or progr<lmming. configuring and executing code. But its lI ne,IS) 
relation to different commOdity hardv,.ilrc computing platforms remain., in 
the background. 

From the Slllndpoini of hardware pl'lIforlm. Linu); \\-"Quld have 10 be 
understood not jU\t in terms of the meanings ascribed 10 it. or in terlm of 
operational function in Illm ing data and information in communication 
net work .... but in tcrm., of how it movc\ across platform..,. In their Illotlified 
version of the (:oncepl of performalivity. thc anthropologish Benjamin Lee 
and Edward LiPuma (2002) write: 'Thc analytical problem i" ho\~ to extend 
whal ha~ been a speech act-based notion of performali\ ity to other 
discur~ively mediated practices. including rilual. economic practices, and 
even reading. What is interc\ting about pcrformati\"cs is that they go beyond 
reference and description - indeed. the) "eem to create the \ery .,peech act 
they refer to" (19.1). What would be the Linux "act"'? How docs it enact the 
act thm it rcprescnh? The technical-economic performance of Linux is (111 

effect produced by the \\ klely distributed practices of reading and writing 
kernel .. ouree codc. Technical performancc and being free are linked became 
being free mean., thm ~ource code is widely legible. BUI these linked claim., 
about superior lechnical performance and being free con.,titute. I would 
sugge\1. only Ihe public face of the '\peech act" in question. The\e 
n~rat ivized claim., aboUI Linux. abundantly backed up by origin storie., 
(Hul1ancn 2001: Lohr 2002; Moody 20(1), hover above the mediated coding 
pract ices that con.,tantly mOdify the Linux kerneL Insofar as it appear .. as 
free and technically superior 10 OIher operating sy~lerns. Linux succeeds a .. a 
\peech acl. However. the ~uccC~s of Liml\ as speech act i" contingent upon 
another layer of pcrlormati\'ily attached 10 code. to what Lee and liPuma 
(100":1 ) I .. ' I' .. "'P' .. ~. ~ crill clrcu allon: erlormatl\ tty ha~ been con .. idered a 
qUlIlte.,scmially cultural phenomenon Ihat is tied to the creation of meaning. 
.... herea., circulation and exchange have hcen seen as processes that tran.,mit 
nlean ing, Ihe II .. .. . h .. . .. ra r Ian as con.,ttlu tl vc acts III I cmsctves. Ovcrcomlng thiS 
bifurcation will involve rethinking circulation a .. a cultural phenomenon. a\ 
..... hat we call culture., of circul:llion"' (192). 

Lee and liPuma argue thaI circulation al,o produces perform:ni\c 
~~fech . That is. procc,>ses of circulation themselves objectify praxi.,. albcit in 

Ifferelll ways. They enact something. If information and communication 
nelwork~ constitute a centml veflue for the performati\il} of important 



76 

contemporary forms of power. then the circulation and exchange of .. 
and code participate in that performativity. From thi)' per<;pcclivc. 
claims about Linux's technical performance as they appear 
adverti<;emc11Is. editorial<., ncwsgroups. how-to manuals and popular 
accounts spin off the primary. co llective performativity of 
circulated as computer code. 

Circulating, distributing and coordinating code 

As an operational object. a platform, Linux literally coordinates 
encounters between specific social actions pertaining to information 
communication networks. Just as floor managers in an airport spend mile 
time moving people through gates and redirecting passengers on 
flights to ticket de ... ks. an operating system cOIl.'.lalltly schedu les. queues, 
allocates and reallocates. events flowing across the edges of the platform 
through networks.. peripherals. appl ication ~oftware. mass storage devic~ 
and system users viewing their screens. At the same time. in distinction to 
the airport, coordinated actions centered on Linux constamly modulate it as 
an object in self- referential ways. A set of practice:. produce. circu late and 
consume Li nux as an object distributed in :.pace and time. Development 
work done by programmers on the Linux kernel gradually modifics the very 
platform on which they do their programming. Added fcatures or modified 
versions of old ones appear al a high rate as ne\\ communicat ion and 
computing hardware (CPUs. network cards, peripherals. ~lOrage devices. 
graphics and sound cards) comes onto the market. 

These modifications affect how the ensemble itself moves around. 
Because it operates differcnt ly. Linux circulates differently. Each new 
release of the kernel (there have been dozens since 1991) pcrforms and 
circu lates slightly (somctimcs. substantially) differently became features 
have changed or been addcd. New hardware configurations. new 
communication protocols and new kinds of connectivity are merged into the 
kernel. Each modification of thc kernel potcnlially cxtends its circulat ion 
and thereby heightens the coupled effects of tcchnical performance and 
political-economic freedom. A leedback loop between tcchnical 
performance and pcrformativity mentioned above play~ an important role in 
the lifc of Linux becau~e it triggers eon"tant modulation~ both in the object 
itsclf and thc practices. as~ociatcd with that object. Linux gains increa~jng 
traction as a platform partly on the basi~ of the high-level lingui~tic 
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i ' (,"Linux work~ bctter because it is fr.ec"'). Y~t th~t traction ilself 
rformativity of thc practice" a~soClate(~ With LI.nux. . . 

Ihe ~ I ff ct of pcrformative'l resl" on their capacity to obJecllfy 
The agenftlU ,c.e nllst oftcn lingui"tic practices. bu t also as Lee and 

k"nd 0 praxIs. I ' .. . I r olily 
I . ..' This obJ'ectlf,cat,on, 10weve. 

gue. Circulatory plactICe1>., . 
~rovisiOnallY or partially. Judith Butler wntes: 

h ·· .. i, :l1v.:I)" , ". II ' ,uecccd, (and I will w)!ge~1 t al ,ucce~~, ' 
If a performau.v.c pr~~ l'tll~;~ i: is not bec:luse :In inlenlion ,ucces .. fully govern, the 
and onty provlSlOn:l . I" Ih-I ",-1"0'1 cchoc' prior ,let ion ... and :lecuillulale, 

. f' hhulonyl.ccalN~ ,,<'- ' . ',' .• 
IICUOO 0 spo.."'CC·. h h the repetition or cit:Jtion Of:l pnor and :luthnrll<ltl\c 
Ihe force of auth,or!lY I roug I) 11'~tlhc V"'Cdl ael take, place within :J pructiee. but 

r rac\1ces t I" not 'lInp " ,.- " h' 1 a 
sel 0 P .", I d r-'I'~'" Whul thi~ mean... Ihen. l' I <I 

, 'I elf a rlloa lie p ,,'- ,-". , . 
thai the :lct I' I'" - I ',I. 011 alld co\"cr~ ovcr the cOIP,mutlve 

'. "wor\"'~" \0 Ihe c.\lcnl 11<11 II ural.\" < " .' 
perform:lll\.e

b 
1""1"1" ll1obilizcd. (Butter 1997.51. italiCS 111 ongln:l\) 

('on\"cn\lOIl\ ) \\ III I L ., 

C Id the analysi" of performative\ extend to the repetition or cit~.ion of 
. OLl ',' " f )ractices in software? How \vould allen Ing .to 

• prior aUlhonzl~g ~d.? fir "I,d in Linux afford under'ltanding of liS 
_ ( tion or cllatlon ) 'Wh" " I~pe I .' "d'l Wh'lI i\ covered over! at extr,1 

I . ') What IS cllcd or rl:pcdtc. " . ' 
CUC"h~tleo~~ould the idea of the partial workability of performatlves proVide 
pure .IS . . ' . 'l 
m under"tanding the dlstnbul10n of Ltnux. 

"Distros": Repeating and citing Linux 

A salient feature of Linux is it<.; propcnsity to circulate \ourcc ~::url~a;~~ 
different form~ and versions. At one cnd of the conte111p.or~:~cs:ean onlinc 
distributions of the kerncl sourcc c:m~ a\ artwork.dFdOr .In:-. thc I:ir~t half of 

" d f 111ance 01 Lmux occurre lIf1l1g . 
and radiO broa cast per or... . " ?00"1) The performance 
2002 called ;'RadioFreeLlIlUx (Radloqualm - -'. 'd d h ' 

d (II c prooram 'IS wntten an rea ~ 
consisted solely of the source co e Ie' fl ' rating systcm 
programmers) of the Linux kernel (the cel~tra~ part 0 .t:e 0:; 'linc bline 
that interfaccs betwecn hardware <lno appl,cat,on<.;) belll.:. rea(. Y . 
over various ndio and streamirH!. web-radio \ite~. or! 

" -" d .]" . making the sourcc c e 
As in the software artworks dt\Cu\<,;c Cdr ICT. ~~I . ' ~. I 

visible or in this ca<.;e audible. "RadioFrceLinux slgna.ls fa Chbc<ln~~ t~.~~: 
d .. 0 h one hand Linux 1\ ree cau'll: 1 1 

\tatus of code as "\ource co e. n t e ,. 'f I GPL licensc It 
" "d d" 'l... I·d "Ilder the terllls 0 tie . available to be copied an l,tflllU t: . 
"" I CD-ROM\ bundled With popular computer 
IS often gIVen away on tiC' I \ 

" 0 Ihe oll,er hand .. ouree code po\se~sc<.; 10 a grcatcr or c~ magazlncs. II . ' 
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degree o;,Oll1e ,>ociai or cultural " .. luI! apan from economic \;,Iuc. The title of 
the \\-ork. "RadioFreeLinux:' \uggc..,,,, that ,",ource code could circulate or be 
broadcast lij.,:c radio news. Tlli.., piece is not an i<;oiated aberration. In 1999. 
Lim." Tnnalds was aW<lrdcd a signifi cant new-media art prize at Ars 
Elecfr(mica art festival. Linux hat! almost become an object whose 
dhlribulion in time wa~ being rccogniLcd: 

The Jur)' of the ,net category a .... ,Lrd.., the 1999 Golden "Iiei to 1 1I1u~ ronald~ a.\ 

rcpn:\Cnlmg all ofth()~c. \\-ho ha\c wnrlt.'<i oillhi, projcd I I .lnu~lln p ... '1 )ca~ and 
will be: participating in it in the lulure. 111~ al'>O intended III 'p;lrl. a di....:u~\ion 
ahouul .... hcthcr a ,oun;c nliJe 11..e11 call he an an .... orK, (A"ElcdrtlllIca 19(9) 

Arl- ... how prizes arc ... omewhat problematic fOrln .. of recognition and 
certainly <, hou ld not be rcad a~ unequivocal seal .. of cultural value. Ilowever. 
they do prompt the que~tion, What doc1> it signify when ~ource code 
becomes an llrtv .. ork. a .. in "RadioFreeLinux" or the kernel it .. cll'? Given that 
.. ource code for program" ha" been around for at lea .. t fifty ycal'~. why has 
"ource code only no\\o become something \\ohich people .... ant to "read"? 

At the other end of the "'peetrum. early in 2002. SOllY announced that it 
was releasi ng a version of Linux for the game cotN)le PiayStation2 (PS2), 
Typic:llly. gaming deve lopment cnvironmcnl<;. such <I .. ProDG for the 
PlayStation. cost between fi\c and ten thousanu doll:IP, for re .. lricted 
developer licenses (SN Sy"tem" 2002). Sony it"clf lieell\e" game" 
development in order to con trol the quality of the games commercially 
relea"eo for the comole. In a "hift of licensing policy. Sony all nounced 
Linux for PlayS tat ion by .. aying: 

Thl! PlayStation 2."'p..'Cific hhrJrie, .... ill be re1ca.'>Cd under the 1.GPJ.: there arc no 
proprietary liccn-.c~ inlohcd. SOl1) \ di~trihuti()n of Linu\ I" h,I'ed 1111 Kondara. 
.... h,ch in turn is ba<,ed on RedlMt.lllc documentation .... ,th thi, kll .... ill ghe all the 
,ame mformation ahnut the 1''$2 hard .... are thai Son) proltde, ih licl!l1<.ed gallle 
dClclopcrs (bul it .... ou·, gilt: ac<.:e", to the ~)\telll\ anti·rim.:) l1l<.'<:hJnl~m"'. Thi~ 

.... ill indude full det;.!il, un the PS2'\ rmpnelar) ElIl(ltinn Ent;'ine .:llre in\truetion 
'oCt. the Gr.Lphic SyntIH·,i/.cr. and the Vector Proces~illg lnih (Well, 2(02) 

The migration of open-source code onto the proprietary hardware PS:! 
platform is not unique. A" mentioned abm·e. Linux has been ported to many 
different proprielary hardware platfonm. ranging from PDA1> \0 , 
mainframes,l This announcement points to "omclhing elsc. Sony \ 
di"tributlon of Linu'( i" bascd on a Japanese Linu.x distribution. Kondal1l, 
which in turn i .. ba ... ed on Rcdhat: Linux exists in many diflcrent "dislros" Of 

distribution \e~ions. Kondar:l and Rcdhat distribute or repackage the Linu\ 
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~t'rncl along with as,ociateLi \oliware. While it i" possible to vi"it various 
v.cb .. itc" and FrP ser\er .. (Linux Developer" 200-1). download the source 
~(ldc and compile it to build a complelc operating ~y~ tcm. almOSI a ll 
contemporary u"er, of the Linux kernel adopt one of the many Linux 
distributions. such a, Redhat. Mandrake. Debian. SuSe. or Genton, 
Di,lributions empha"il.e di ffcrCtll fealUres, Often di"'ribution, recirculate an 
t'\i,ting distribution in a ~()mewhal modificd form. Kondara mod ific1> the 
Rcdhal di"tribution tn adapi it 10 the hard\\are .-.pecificitie" of 1'52. The PS2 
di,tro figures as just one of around at lea"t a hundreo dil'fCrent commercial 
and noncommercial di"trihulions of Linux (Di"trowmch 2002). Some of 
thr:'>C. "uch a" PS2 Linux. ha\e the "pccific purpo"e of ma].;ing a hardware 
phltform more widely programmable and les... of a blackbox. Some 
concentrate on particular application domains. slich as "de~l..top users," The 
European Commission-funded Agnula di1>tribution focu,e" on sound and 
music process ing (Agnula 2(X>4), Others have specifica lly a nati onal or 
language focus: Turbol inux focu"e" on selling Linllx in China and was the 
fir<.,t Linux distribution to provide Chinese languagc SUPIXJr\ (Iurbolinux 
10(2). New di"tributi()tl" of Linux appear and sometime" di"appcar at a high 
rJte. 

The Linux kernel exi"t" in multiple incarnation". ranging from an art· 
m,e radio broadcas!. to a qua"l-proprietary platform·specific Sony 
lii,tribution. acros" d07en" of hmnded di1>tribution". all linked bacl.. to some 
\t'r~ion or release of the kernel sou rce code it self. widely available on 
",cb ~i I CS, FrP servers, CD-ROM" and DVDs. Linux circu lates as artwork. as 
a commercially packaged commodity sold by many different companies. and 
01\ freely avai lable source·code file". constantl y worl-..ed on and exchanged 
u\ing .. ophisticaled software mechani"m\ of coordination . ..cheduli ng and 
organil.ation. mechani.,ms usually running on Linux -.er .... er ... 

Linux: An object out of control? 

COmmercial di"tributiom. it could be said. ha .... e largely come into existence 
a\ a way of capturing the "free labour" (Terranov:1 2000) emhodied in Linu x. 
Without violating the GNU (an acronym for GNU i .. not UN IX) Public 
L1cen"es (GPL. a legal document "pccifying cond ition .. under which the 
cude can be copied. ahered and dbtributed) attached to the Linux kernel. 
n~~ and established "oftware indu'.tr} companie" "uch a~ Redhal and IBM 
elfcCti ve ly give away Linu'( di<,tribution ... but charge for ..,upport "er\'ice~ 
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needed 10 configure and maintain them in operation (Taylor 1999). At the 
same time. work on the various components of Linux continue.'., and the 
changes constantly made to it by numerous programmers afC Succc\sively 
incorporated into new releases of the commercial and noncommercial 
distributions. The economics of Ibis process were subject to strong Mock 
market speculation during the late 1990.-. (Taylor 1999; Redhat Corporation 
2(04) and extensively analyzed by academic researchers (Tuumi 2000). 

The Internet-based coordination mechanisms Iha1 permit collective 
development work on the kernel have been described in both scmipopular 
and academic accounts of open source (Moody 2001; Beaoukov 1999). The 
analytical problem lies in connecting the circulation of Linux in d07ens of 
different distribution'i to technical performance and the pcrformativity of 
Linux as code enscmble. Distributions permit Linux to tran"it between 
hardware platforms and between cultural. in"tiLUtional and national domain..,. 
Each new distribution and cach successive release of an exi"ting dii.tribut ion 
incorporates and repeatio. the conventions embodied in the Linux kernel, but 
adapts thosc conventions to a slightly different ~ilUation: a different 
hardware platform. a different language grouping. a different kind of 
compuring task (supercomputing. office pmductivity. e-commerce 
transactions. genomic ... equence searching and alignment. etc.). 

Social and cultural ~1Udie!> of science and technology (Latour 1996: 
Haraway 1997) have sought to analyze why certain contemporary 
technological objects are "out of control:' why they generate unexpected 
consequences. They attract unexpected levels of investment. financially and 
affectively. They percolate into popular culture. and they proliferatc at an 
unexpectedly rapid rate. Technical objects like Linux become unio.table and 
proliferate as a consequence of the tran~lation or objectification of social and 
cultural relations into and through them. Lash (2002) argues that such 
objects get out of control as an unintended comequence of modern ru\e­
regulated reflexivity, which "involves the reflexive monitoring of the objc<.:t 
by the subject. in which the subject subsumes the object under ruleio... .. The 
more we monitor the object. the more the object escapes our grasp .... ThiS 
moment of contingency, where the object. or the self. escape~ the cognitive 

categories of the subjcct. is indeed ae~thetic" (50). 
From this perspective, the Linux kernel can be under~tood as a heavily 

matted web of rule~. conventions, standards and protocols pertaining \0 

information and communication networks. as well as specific feature~ 
rclating to commodity computing hardware. The conventions range from the 
electronic clock-based timing disciplines on which binary logic circuits rely 
through to the highly conventional protocoh for transactions and messages 
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the information networks. The laller are defined by regulatory and 
Of'i ndards o rgani7ations such as the ISO (~nternational Stand.ards 
sta ni zation), the W3C (World Wide Wcb Consorltum). the IEEE (Insttlute 
()fg~lectriCal and Electronic Eng ineering) and ANSI (American National 
:C:ndardS Institute). The cOllventions and. protoc~ls on whi<.:h nearly all 

uter code relics attempt to subsume mformatlon systems under rules 
tOmp ~. L' 
that render those systems inspect able or reportable-so. or I11stance .. rnu~ 
"aims for POSIX (Portable Operating System Interfaces) compliance 

(Linux Developers 2004). 
Does the spectrum of conventions explain Linux's prolifermion, its 

propensi ty to "escape our grasp"? If. as in tl~e earlier quote from ~~~h. "the 
more we monitor the object. the more the object escapes our grasp, It could 
also be added that the object's e~capc from ··the cognitive categorie~ of the 
subject" is not an accident or a result of r isk and uncertainty. Rather. 
monitoring the object necessitates its circulation. The analysis of the 
performativity Linux hinges on this point. The kernel code "succeeds" as a 
perfonnative to the extent that in connecting commodity hardware a~ld 
convention-governed movements of information. it also makes a social 

arrangement for the ongoing production of code. 

What Linux covers over 

Ultimately. the line between code object (the kernel) and code subject (the 
hackers and programmers centrally personified in Linus Torvalds) wavers. 
As Linux became publicly visible during the 1990s, hacking or 
programmi ng with or on Linux came to be !>een as a form of life that 
challenged norms of property ownership and corporate organization of work 
(Moody 20C)]: Himanen 2(01). This style of programming is not confined to 
free or open-source software projects. but also affects digital. knowledge and 
information economies and new media more generally (see Terranova 2(04). 
As Linux began to ... pin off versions and distributions. it exceeded the 
prerogative of any individual to control its meaning. The agential effect of 
~rformativilY arise" first through repetition and citation. and Linux repeats 

lI~elf across platforms and in different contexts. 
Performatives work not only by citing. or enacting through describing. 

but by also "covering over:' a" in my earlier quote from Butler. the 
"authoritative set of practice,," that lend force to what they do. What 
"authoritative set of practices" or "constill1tive conventions" docs Linux 
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cover over? The "authorizing context" is the set of conventions and practices 
whose repetition lend~ a performalivc act its force. Judging by what was said 
in advertisements. in newsgroups or in editorials and essays about Linux 
si nce the mid-I990s. there would be some justification in seeing the history 
of Linux as a technical object and commodity as brief. linear and 
uncomplicated. Around November 1991. Ihe Internet first began to enter into 
public awareness. so the history of Linux is oftcn presented as a 
consequence of the coordination and circulation of code thai the Internet 
permitted in the late 1980s and carly 1990s (Moody 2001). Because Source 
code could be uploaded and downloaded from Frp servers via dialup 
modem lines and PCs. source code circulated much more rapidly and widely 
than in the 1970s and 1980s. when only institutional and corporate 
computing facilities had network access. Available fresh source code was 
mentioned and discussed in Use Net newsgroups such as computers.os.minix. 

However. as men tioned earlier. Linux clones an earli er computer 
operating system. Unix. By copying or citing Unix. Linux sediments a 
complicated relation to proprietary hardware and software. But Unix was 
and remains not just another piece of software dating from the late 1960s; it 
adapts and continues a set of coding. software design and system 
administrative practices sometimes referred to as the Unix philosophy. These 
could well amount to an authori.ting context for Linux. but Linux's 
authoriLing context is complicated since Unix com hines regulatory practiee~ 
and coding~hacking practices (Salus 1995) quite distinct from the norms and 
patterns of the software industry of the 1960s-1980s (Campbe ll ~ Kelly 2003). 
As an event. Linux is temporally complex or distributed in ways that the 
popular narratives of invention (Himanen 2001; Moody 2001: Lohr 2(02) 
somewhat occlude. 

Kernel archive siles (such as ftp://ftp.kerne1.org) show Ihat Linux has 
been through dozens of m~or release cycles and hundreds of minor patches 
or updates. A file of a few hundred kilobytes in 1991 grew to thirty~four 
megabytes by mid-2004. Analyzing how Linux begins to accumulate 
agential force means asking what that growth involves and covers over. One 
side of Linux faces back towards Unix as an authorizing set of practices. but 
the other faces towards the Internet. the digital economy and proliferating 
new media. 
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Authorizing context I: Interaction and economy 

The README textfik found in every release of the kernel source code since 
1991 begins: 

"WHAT IS LlNUX"' Linux i, a Uni:-; done ",,·riuen frum ~crateh by Linu, Tonald~ 

"ith a"j,tanec from;1 loo,ely-I..nit Il'am of bael..er, aew" the Net. It aim, toward, 
POSIX compliance" (Kernel 2002). In compre."ed form. thi, description poim'i to 

almo'>! all the clclllcnt- that need to he held togethcr in ordcr for Linux to 
material i -.c. h rst Ilf all. :11t hOll!! h""" rilten from scratch." Li nil x heavi ly cite'> another 
upcrating ,y~lelll or ,oftwarc platform. Unix. "' 

All distributions of Linux currently circulating and performing with 
various degree,> of commcrcial and noncommercial wccess are versions of 
systems loosely grouped under the name "UNIX:' "a Trademark of the Bell 
Telephone Labomtories" (Kernighan and Ritchie 1978. ix). Unix itself dates 
from the summer of 1969. when two computer scienti'>h (Dennis Ritchie and 
Ke~ Thom?son) at t1~e Bell Telephone Lahoratories in New Jerscy developed 
an IIlteractlve operatlllg '>y'>tem. Although there may be other clements and 
practices within the authorizing context from \\hich Linux draw,> its 
perforrnative force. it would be hard to argue against the centrality of the 
Unix philQ<,lophy. ~ 

The Unix philosophy i ... preci ... ely the heterogeneous mixture of 
practices .. names. '>trictures. conventions and habits characteri,>tic of any 
pcrfonnatlve nexus. By the early 1990s. when the Linux kernel first 
appeared. Unix was widely used at universitie ... and research in'>titulion.., in 
North. Am~rica, Au'>tralia. Asia and Europe. Why \~a,> it so popu lar? The 
techlllcal lineages of operating ~y'>tem~ and the con'>tant trade~offs and 
excha~?es between academic computer ~cicnce. computer manlll~tcturer'>. U. 
S .. [miliary research funding. telecommunications companies and the 
~ol~ware industrie~ are detailed in Saltl'" (1995). The fir"t academic report on 
UnIx b~ Dennis Ritchie and Ken Thompson (Ritchie and Thompson 1974) 
~tl1phas.lzed the combination of the power of "interactive u~e" and eCOllOm) 
tn relatIon to hardware (··equipment'·) and labor ("human effort"): "Perhaps 
the most important achicvement of UNIX is to demon.<.tratc that a powerful 
Ope~ating system for interactive u~e need not be expen,>ive either in 
equIpment or in human effort: UNIX can be run on hardware co'>lin" .'" little 
as $4000 .,. . . .e'· . . O. and less th,lll t\\O man~]cars were spent Oil the matn sy'>tern 
SOftwa .. (R- h- d Tl re IIC Ie an lOmp"on 197~. 365. italic.., in original). 

The "interactive" character of Unix stelllmed from a "desire for 
P'ogramn,' '" (R- I-tIlg conveTllence tIc lle and Thomp,>on 197.:1.374). rather than 
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any predefined operational or conceptual objccljve~ for Ihe sy<,tcm. In other 
words, the kind of work Ihm programmers do pcnaded the design of Unix. 
Not on ly were the features and functionality available in Unix <,uited to 
programmers. Unix was itself coc\al with a particular programming 
language. C. which became an academic and software industry standard 
language. C. not coincidentally. is used to write Linux code. In contrast to 
many other commercial operating systems of the time. Ritchie and 
Thompson explicit ly SCI out to design a system for programmers' 
convenience. Unix's design was shaped by two major abstractions. These 
abstractions strongly affect not just the design of Linux, but also how it has 
grown and circulated. The notion of everything (printers, keyboards, 
diskdrives, network connections, displays, other programs or u~ers) as a 
"file" (Kernighan and Ritchie 1978,2) and the notion of "the proces<;." plus 
many discrete tools and utilities for accompli..,hing specific programming 
and <;ystem development tasks, still pervade Linux. By the early 1990s. just 
before Linux emerged. Unix was in widespread use. A standard 
undergraduate textbook on operaling system ... of the time. Tancnbaum'~ 
Operatillg Systems: De.~igl/ lIl/d fmplemell{[lIioll (1987), writes: "UNIX has 
been moved ('ported') to more computers than any other operating system in 
history, and its use is still rapidly increasing" (II). Unix migrated to many 
differen t hardware platforms becau~e of its ..,pecific architectural features. 
the "fi le" and "process" abstractions and the loose assemblage of software 
tools. Consequently Unix forms a constitutive convention for clones such as 
Linux, Minix. HP/UX, AlUX, and others. 

Thc history of distribution of Unix lies at a complicated conjunction of 
organi.£ation of capital. state regulation of communication, and the technical 
work of programming. Unix's circulation between 1969 and 1983 was also 
strongly affected by an antitrust case initiated in 1949 by the U. S. 
Department of Justice against Western Electric and AT&T. companies that 
jointly owned Bell Telephone Laboratories. Between the first public relea~c 
of Unix in 1971 and 1983. AT&T had been bound by the terlll~ of a 1956 
court judgment to distribute UN IX at a nominal fee to anyone who wan led it. 
As a telephone company. AT&T was legally prohibited from profiting frolTI 
computer software. A~ a result. AT&T provided no support and no fixes for 
bugs in the syslem: Unix was "unsupported." As Salm (1995) writes, "The 
decision on Ihe part of the AT&T lawyer~ 10 allow education institulion~ 10 
receive Unix. but 10 deny support or bug fixes had an immediate effec t: it 
forced users 10 share with one another. They shared ideas, information. 
programs, bug fixes. and hardware fixes" (65). However. in 1983, a second 
antitrust action (similar to the one mounted agaimt Microsoft in variou~ 
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North Americ,m and European jurisdicti ons between 2000-2(04) divested 
AT&T of the Bell Operating Companies and thereby cbanged the status of 
Unix, In the aftermath of the second antitrust action, the newly formed 
AT&T Bell Telephone Labs. no longer legally a part of a telephone 
company, could licen~e Unix and set any price, The charge for the all­
important source code rose steeply. to the order of several hundred thousand 
dollars, and prohibited the source code from being swdied in university 
courses (Salus 1995, 190), where Unix had been a standard teaching 
platform for computer science students. 

Unix existed for a long time as software that U. S. government 
legislation prohibited a telecomrnunicatiom company from 
commercializing. so AT&T Bell was compelled to give Unix away for free. 
At the same time. because there was no maintenance support, adopters of 
Unix did their own maintenance and development. tllrning Unix into an 
experimental and pedagogical platform used to teach com pUler science 
students about operating systems during the 1970s and 1980s. Because it 
came with and was written in its own programming language. C. Unix was 
highly mutable and reconfigurable: computer scientists used it to explore 
new protocols. data Slructure~ and hardware architectures. Unix was crucial 
to infrastructures of networked computers in the late 1970s. infrastructures 
that grew during the 1980., into the Internet. One fundamental layer of 
Internet communication protocols, TCP/IP, was first incorporated into Unix 
in the late 1970s. mainly through military research funding (Abhale 2000, 
133), Since the 1980s. these protocols have cOllle 10 almost universally 
regulate the flow of data between hosts or servers on the Internet by 
providing a way to connect many computers and order the movement of data 
between them without making many assumptions about the content or 
internal structure of the data. 

Authorizing context II: 
Coordinating and communicating 

One primary component of the authorizing context underpinni ng the 
performativity of Linux code comes from the highly contingent mixture of 
abstractions, practices and legal arrangements associated with Unix as a 
~o~commercial pcdagogical·cxperimemal platlorm. These practices 
~~lmately linked producers and users/consumers of operating systems. 

IVen that Unix had. as Tanenbaum's textbook states. already been ported to 
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~nore 1~latf~rms than any other operating ~ys tem in history. what \ .. as at stake 
In having I.t doned by hackers? Linux hears the marks of Linus Torvald~\ 
clo~e readIng of Tanenbaum's academic textbook on operating "ystem~ 
dunng 1990. In the lllid-1980s, Tanenbaum. a computer science academic in 

A1l1s~erdam. wrote a Unix done called Minix as a companion to his textbook 
and 11l order to teach students about Unix without incurring AT&T's newl 
imposed licensing fees (the Minix source code was availabl~ for a small feci. 
Thus. by 1990, as an undergraduate computer science student at Hel sink' 
University, Linus Torvalds himself had access to a pre-existing done tha: 
could run on an Intel-based PC. and a textbook that gave a complete account 
of the architecture of the Unix operating system. But why then did Linux 
come into existence. given that MiniX already ran on personal computers and 
provided Unix-style computing to almost anyone. slUdenh included? 
Tanenbaum'S Minix (wh ich had tens of thousands of users) was designed to 
support teach in g about operating system design. It downplayed hardware 
spec ificities to keep the sy~le1l1 simple and easy to understand and was only 
s lowly enhanced to deal with a wider range of hardware devices. If Minix 
emerged in response 10 the licensing restrictions on Unix source code. Linu» 
was defined in relation to the proprietary nature of commodity hardware. 

There resides the second crucial component of the authorizing context 
undergirding Linux's performativity. Linux, according to Torvalds. was also -
a "program for hackers by a hacker" (Torvalds 1991), just as Unix was. 
according to Kernighan and Ritchie, a system by programmers for 
programmers' convenience. The first pieces of code recognizable as Linux 
were experimen ts with a particular feature of the Intel 80386 chip called 
"task-switching." In a 1994 interview, Torvalds said, "1 was testin g the task­
switching capabili ties [of the 80386[, so what I did was I just made tWO 
processes and made them write to the screen and had a timer that switched 
tasks. One process wrote 'A: the other wrote 'B: so I saw 'AAAABBBB .... 
Gods I was proud over that" (Moody 2001. 36). Although a clone of Unix. 
Linux took root as a test of the task-switching capabilities of the i386 family 
of microprocessors produced by Intel, capabilities that themselves borrowed 
ideas from interactive or time-sharing software such a ... Unix. Why was wsk­
switching of interest? The "process." one of the fundamental abstractions in 
Unix and in computer science more generally. lies at the core of Unix's 
shape-shifting portability. By using the task-switching capabilities of the 
Intel platform, Torvalds could build a concrete implementation of the 
fundamental "process" abstraction. With that in place, Unix culture could 
move off the induMrial and academic hardware platforms on which it had 
been developed to commodity consumer computing hardware. In its grafting 
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to mass-produced consumer computing hardware, the conventional object 
~~ni\ metamorphosed into something more dynamically distributed. Linux 

ro11lised 10 uncouple mass-produced commodity computing hardware from 
~Ia..,.;,_market software, by opening a window onto the authoriLing context 

.nliJOdied in Unix. 
C In Linux, a new mode of commodity consumption occurs thmugh 

coding: the proprietary hardware specificilie!'> of different computational 
devices and peripherals are addressed in a demarketized form. The first 
release of the kernel ;n late November 1990 contains a warning about 
relations to proprietary devices: "L\NUX 0.11 is a freely di ... tributable UN IX 
done .... LlNUX runs only on 386/486 AT-bus machine ... : porting \0 non­
Intel architectures is likely to be difficult, as the kernel makes extensive u ... e 
of 386 memory management and task primitives" (Tor\ald ... 1991). The 
proprietary feahlres of hardware are often not documented in technical 
m~\nllab published by semiconductor manufacturers !'>uch as Intel. So. in the 
first publicly released ver ... ion of Linux. a key piece of code in the "main.c" 

flJc sets the operating system time from a hardware clock: 

I' Yeah. ycah. it'~ ugly. hut I C(lllnOllind hoW 10 do Ihi\ correctly 
and Ihis ..ccm .. 10 work. tf aoyhody ha~ more info on Ihe reat·lime 
clock I'd be iotcre\teu. Mu~t of Ihi .. wa~ Irial :lnu error. ;md ,nnw 

bios-h~ling reading. l!rghh. 

'I 
IIdefine CMOS READ(auur) ( I \ 

outh_p(OxSOladddh 70): \ 

inh_p(Ox71); \ 

J) 
Kernel 0.'). main.!: (Kcrnd. 1994) 

As lhe code comment" say, this is "ugly" material because information 
about how the Intel 80386 CPU hardware clock works is not readily 
available. The lines of code are executed when the operating system starts 
up. They actually refer to some other lines that relate to hardware specificity. 
If we trace the line "outb_p(Ox80Iaddr.Ox70):" 10 its definition in another 

source file, we find it defined as: 

IIdcfioe outb(\aluc.porl\ \ 
_asm_ (""oulh '7,', a1.'7, <7,-dx"::"a" i \,aluc):'u" (porI)) 

IIdefine inb(port) (I \ 
unsigned char _ v: \ _a~m_ volallie ("mh '7,f!, dx.QQa1";" o::a" ( v):"'d" (poTl)): \ 

_v: \ 



88 

I ) 

kernel 0.11 lindudclasm/io.h (Kernel 199..t) 

The code becomes even uglier and less easily readable. The increasing 
illegibility shows something important. These instructions read and write to 
spec ific spatial locations on the Intel x86 family of CPUs: the input/output 
(10) ports. Some of the very firs l lines of the Linux kernel are vcry closely 
tied to the deeply embedded spec ificities of the Intel 80386 chip. Frustrated. 
by the opacity of the hardware. Torva lds comments. " I cannot find out how 

10 do this correctly." 
If the process abstraction was key to Unix programmers' convenience 

and i ts implementation on consumer computing hardware. the other Uni:( 
abstraction, "everything ;s a file," was essential to the grow th of Linux. 
During eady 1991. postings on newsgroup~ such as comp.os.minix soliciting 
programmers to work on Linux were framed in terms of the d iffic ult 
spec ificities of hardware devices. Here is Linus Torvalds. inviting people to 

work on what would laler be called Linux: 

Do you pine for Ihe nice days of minix~l.l. when rnen were rnen and wrole their 
own device drivers? Are you wilhoUI a nice projeci and jU~1 dying to cut your leelh 
on a OS )(Ju can Iry 10 modify for your needs'! Arc you finding it fruslraling wheo 
e\"Cr>thiog wnrh on rninix" No more all-nighlers 10 gel a niflY prognull working? 
Then lhl\ po\t mighl bcju~1 for you :-) (Ton'ald, (991) 

This first announcement and call for volunteers-"men"-focuses on 
the all-night pleasures of low-level system programmi ng of "device drivers:' 
the parts of an operating system that speak to specific pieces of hardware 
rather than higher level abstractions. The mention of a time when "men ." 
wrote their own device drivers" presumes_ first of all, a time when men had 
access 10 the device in question. Since then. a~ the source code for the kernel 
has grown from a few hundred kilobytes to approximately tens of megabytes 
in size. code that addresses thousands of proprietary device specificities 
(CPUs. graphics cards, audiovisual, network and storage devices) has been 
added to the system. Releases of the kernel encompass widening circles of 
commodity hardware and consumer electronics such as set-top digital video 
recorders. As Linux is ported onlO different platforms, ncw hardware 
specificities have to be addressed. Assumptions about hardware specificities 
built into previous versions of the code have to be rendered explicit and then 
moved out of shared code into specialized areas. Al, widening streams of 
kernel code encircle new proprietary hardware specificities, a patchwork of 

subprojects and parallel development fold into the kernel. 
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A final facet of the constitutive conventions at. work in the 
.. , f Linux should be mentioned. although It has not been 

fonnaliVI yo· . d I per .. \ theorized or developed in this chapter. The Lmux kernel IS eep y 
,pitClt Y .' k Th , dered eornoreal set of p ractices of programming war. e 
' dloagen 1-- . \. ue . f "all-nighters." of a time when "men wrote thClr own (eV\CC 

.. 
entton 0 b t· h " . d uo ,hat I inux ;s above all a program Y men or men w 0 

dr
'vers rernln s., ~ .' 
\ . I w'th compulino hardware. The specificilY 01 the commodIty 

like to pay Ie' .. ' \. 
h 

dware for which Linux hackers wnte deVice dnvers corre ates 
computer ar \ d·· . \ .,h the desire to "modify an 0$ for your [own nee s. 
dIrect Y WI . ' " d 

\ g
.\cally speakino these deslfes remalll somewhat unexpl,lIne . 

Anthropo a ' e'" 

Moderating the movement of code 

A d
't;on of China's entry into the World Trade OrganiLation is 

coni hf l " 
strengthened regulation of intellectual pr~~erty .Iaw. The gro

wt 
0 ~II1UX In 

Ch
' nd its recent adoption by the BeiJlIlg ctty government (TechCentral 
maa .' SI"' 

2003) suggests that some of details of the opening scenar.to lron~ ter Ill? s 
Dis/rae/ioll might miss the mark. However, the broader pOInt of hl~ narrallve 
probably does hold: a transformation in the organiLation o~ matenal culture 
is signalled in the emergence and dynamism of code-objects such. as t.he 
Linux kernel. If a shift from a register of meaning to onc of opcratlOnallty 
(Lash 2002. 216) is underway, operationality will need to be unders~o.od not 
in mathematical-technical terms but as an articulation of diverse realities. 

The Linux kernel ra;\t!s the problem of how software exists as object 
distributed in time and space. Background 10 the question of distr;but~on 
comes from more general accounts of the operationality of "the informa.tlon 
order" (Lash 2002. 4) or of network societies (Castells 2001) .. The LI~lUX 
kernel displays symplOmatic fcatures of the material cultur~ of II1fortnat~on. 
The technical performance of Linux versus other operatUl.g systems IS a 
matter of endless contestation. Its capacity to enact what 11 represents or 
describes. however. depends on an isomorphism between di~tributio~ of 
work and distribution of code. The proliferation of di'.;\rOs. sites. enterpnse~. 
products and designs a,>1,ociated with Linux atte..,ts to that circulatory force .. 
This analysis of Linux trcats the action of software as an effect of patterns. 01 
circulation, in ~pace and time, pallern1> that modify code in a d~ub\e-f~ctng 
cognitive prOcess that synthcsizes Unix's authoriLing convenllO

ns 
wllh a 

proliferation of commodity digital hardware. Linux stal~ds at t~le conflue,~ce 
of Coding practices in academic re..,earch and software Industnes (embodied 
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in Unix) and the large-scale production. circulation and consumption 

computers as consumer electronics. 
Extending pcrformalivilY frolll spoken or wTiucn texl.., to teel 

objects is not new. Sociologi<.,t of science Bruno Latour implicitly relies on 
concept of performativilY when he writes. "Programs arc written, chip\ lilt 
engraved like etchings or photographed like plans. Yel they do what 
say? Yes. of course. for all of them - texts and things - act. They art 
programs of action whose scriptor may delegate their realiL:.ltioll 10 
electrons. or signs. or habits. or ncuron~" (Latour 1996. 223). In claiming 
that "programs" do what they say, Latour attributes pcrformativity lO objec!! 
because they "realize" specifi c social actions. The complicating gloss that 
Linllx add ~ i~ that realizing "programs of action" h pro\i'iional and Opell 

ended in bot h time and space. 
The concept of circulatory performati\ity developed in this chapter 

exami nes an objectification of social praxi~ accompanied by a collccthe 
subjcctification . Augmenting the claim that objects act and speak by virtue 
of delegation. the performativity of a culture-object such as Linux might be 
further glos-.;cd as a partial solution to a problem of social identity or 
authority for information elites. Caught between highly commodified 
hardware production. the stringent regulation of intellectual propcrty and all 

c thos of frec-wheeling experimcntation with and collaboration on code, 
hackers seem to have radically reorganized some things-the production and 
consumption of .. oftware- and -.;tabilized others (gender norms, for 
instance). Linux consti tu tes a partial solution to the problem of how 
different authori zing contexts coming from the qua<; i-academic ethoS of 
Unix computi ng and it-, coding convcntions. proprietary licensing of 
software. the plethora of commodity computing hardware and protocols for 
networking can be articulated together. It remains a partial solution .. ince the 
programming collective has been unable, for instance. to overcome 
limitations in regard to gender. The obvious feature of Linux in this respect 
- the credits listing is almost without exception male- shows thai 
performativity synthe,izes some thing:. with great novelty but keeps ot hers 

static. 

Chapter 5 

Java: Practical virtuality 

To ah~lratt is to producc thc pl~nc upon \I hich differcnt . Ihing~ 111<\). enter into. 
relation. 11 i, to produce th.: n~rnC~ and nurnhcr~. Ihe loca\Lon~ ,\lld trnjCc1orlc,.U! 
Iho\C things. It j, 10 produce I..ind\ of re\atiun~. and rd<llion~ of rc\:\IIons. 111 \\llIch 

\hing~ rnn)' enler. 
Warh. II Hacker MlIl!irl'~to 2()(}.l. §083 

lTntil now my treatment of software has propo~ed that code, the primary 
material of software. become.., an involuted nexus connecting pe?~le, 
platforms, reading and writing conventions, power. law and creativity, 

di~tributed in space and time. If thi., ncxU, or knot holds, il ties ~o~1e 
together. but not seam\c,sly. effortlessly or without tension..,. In l.~SsocJatton 
with wider claims. hope" expectations. fears and speculation about 
communication, media. democracy and capitalism. some twists in thi~ knot 
around ..,oftware became visible duri ng the 1990s. I turn. then. to argue 
against the "software repre..,si"e hypothesi..," found in many accounts, 
academi c and nonacademic (Lohr "002; Ullman 1997: Campbell- Kelly 
"2(03). According to the software repressive hypothcsis . ..,ofl\"arc rem~in.., 
invisible. infra..,tructural and un..,poken. although it should be brought to light. 
(Graham 2(04). In contrast. Ihi.., chapter explores the .. ~teady proliferati?n ot 

lIi~cour..,es:' as Foucault ( 1984. 3(2) put it. emerging around software. 1 hese 
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discourses of software have specific forms and ohjects thai reconfigure the 
code nexus and permit different attributions of agency 10 <;oftwarc. 

In the early 10 mid-1990s, new media associated with the Internet 
sometimes appeared as "spaces or places apart from the rC~1 of social life 
('real lifc' of off-line life), spaces in which new form<, of sociality were 
emerging. a<; well as bases for new idenlilic<" such as new relations 10 
gender. 'race: or ontology" (Miller and Slater :WOO. 4. italics in original ). 
Examples of new media and ordinary life in ~eparation came from 
cyberpunk fiction. popular books (Rheingold 1994). cinema (The Matri.t. 
Strange f)ays) and early academic work on cyberspace (Heim (993). 
Theories and versions of the virtual- virtual community. worl\. identity. 
classes. time. space. gender. cultures. society- flourished in attempts to 
analyze the "newness" of new media. Manuel Caste lis. in one of many 
examples, wrote that virtuality is "a system in which reality itself (thm is. 
people's material/symbolic existence) is entirely captur~d. full) immersed in 
a virtual image setting. in thc world of make believe. in which appearances 
ar~ not just on the screen through which experience is communicated, but 
they become the experience" (Castel Is 2000. 373). On the ba~is of that 
separation. a radical discontinuity betwccn idelHities. bodies. relations and 
ontologies associated with old and new media could be postulated. 

Prom the standpoint of 2003. the post-dotcom crash and 9111. 
understanding the Internet (including cmail. Usene\ group~. chat rooms. 
IRe. MUDs/MOO~) as something sep<lrate from other economic. culturaL 
media and political processes scerns plainly inadequate. Today the principal 
objection to such notions of virtuality is precisely their tendcncy to separate 
experience of new mcdia from another world. thc rcal or ordinary world of 
social. cultural. economic and political activity. Thi ... widely voiced objection 
can be found in ~emipopular accounts of new media (Mitchell 20(3) and in 
academic treatments. Miller and Slater (2000) write. "By focusing on 
'virtuality' as the defining fealllre of many Internet media [lnd thcn moving 
on to notions such as 'cyberspace: we start from an a~~umption that it is 
opposed to and disembedded from the real" (4). In thc main. notions of the 
virtual now look lil\e exaggeratcd repre ... entMions of certain rdational 
potential~ of computer-mediated communication. As more recent ~lUdies of 
ncw media have ~hown. the identities. relations. politic~ and ontologies 
associated with new media are nOl radic[lily different or discmbedded, but 
intimately intcrconnectcd with older mcdia. older institutions. places. spaces 
and forms of sociality. Instead of insi<,ting on the \irtuaL nc\\ media assume 
the Inlernet is no morc transcendcnt than market.~. nations. cultures. 
institutions or identitie~. 
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If the equation between new media [lnd vinu[llity was mistaken. 
(lbfuscalOry or hype. w~at motivation remai~s for an aI~[llysjs of virtua.lity in. 
software? Since the mrd-1990s. an alternauve theoretical ul.lder~tandlng 01 
virtuality has gradually ... urfaced. and although ... ubJect t~ ~Tluch 

misunderstanding. it continues to extend it'. scope and relcv~ncc .. Prlnclpally 
. ociated with Gillcs Deleuzc's thought (and elaborated In ShIelds 2003; ass 

Li ster et at. 2003; Grosz 1999; Delanda 2002; Massumi 2002: Rodowick 
2001: Levy 1998: Wark 2004). in thi~ new under ... tanding. the virtual 
designates something real that involve~ an unstable rdationality or 
difference. As Rob Shields (1003) writes. 'The virtual troublcs any simple 
negation becausc it introduces multiplicity into the otherwi<;e fixed category 
of the real. As such the tangible. actually real phenomenon ceases to be the 
'iole. hegemonic examplcs of 'reality'" (21). 

Virtuality in this theorctical sense has no neces ... ary connection with 
information systems. ncw rIledia. digital technologies or the Internet. Shields 
di scusses virtuality in art. economics and religion: ~ollle writer ...... trcnuously 
resist the equation between virtuality and digital technologies. The cultural 
theorist Brian Ma~sumi (2002). responding to over-enthusia<;tic 
identificatiom of digital technologics with virtuality. argue .... for instance. 
that 

nOlhing i, more i.JC'tfUCli\c for thc Ihin"ing and imaging ul Ihe vlrtu:!1 than 
t'quati~g it v.ith the digital. All arl~ and tcchnotogic,. 3' '>Cfi" uf quatilatiw 
transformalion, .. . cmclop Ihc \irlual ill onc v.ay or anolher. Digilallechnotogic, 
in fact havc a rcmar"ahly v.ca" conlH.'clion 10 Ihe \irtu~jl. hy \ irluc of thl' cnurrnou, 
power of Iheir 'Y"tclllatii'<llion of Ihe lx",ible. (t 37, 

This concept of virtuality a~ somcthing that continually generates 
divcrgenccs highlight... the need to think in tcrms of ongoing processes of 
transformation. This definitely scems relc,ant to software and new media. 
Even in its mundane sense. "a relerence to the virtual includes future states 
as a P[lrt of the rea]"' (Lister et al. 2003. 3(1). The virtual typically concerns 
Open-ended or incomplete processes. as when ..,orneone says 'Till virtually 
finished." The open-ended tcmporality of contemporary code-objcch ha ... 
already been mentioncd (chaptcr 4). but here open-endedne.., .... as potential 
novelty and as a scnse of <;omething about to be completed. appears in a 
different form. 

The tmjectory of a ~pecific quasi-technical process of "virtualinltion" 
began in the mid-1990~. In examining thi~ tn~ectory. rathcr th[lll tran~po ... ing 
the concept of the virtual from cultural theory or philo'iophy onto new 
media, I undertake some "fieldwork in philosophy:' a ... Pierre Bourdieu 
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Java: Practical virtu I· a ,~ 

termed it (quoted in Rubinow 2003, 84-5). via Java' . 
language and software platform dating from the 11lid-199~ plvo.g.ram~lling 
would aroue i' s. 11 tualny 
d;scmbedilin " s a f pmc",?I. pmjecl of delachment. hf!;ng-oul' I 
con texts-a g d~l1onsh rom eXisting SOCi~ll. organilalion and communicar

ot 

. project I at produces new lorms .. ' .' . l\e 
subjcctifying effects in response. The process ~rl~C\I~e~ .. Inl~rpl~el~llons and 

pmg".nun;n
g

, ., we shall sec, ,emoves oe bca'k~I:"~::~:~ ':'h~::va codeand 

hpar~~b'llrc or operating system spec ificities). but makes Olh~l~ ~esuIC~ a\ 
OSSl e. ' al\On, 

This case study d . . . raws on diverse materials includin' h 
obsecva"on of pcogcammecs and softwace dcvel . , .. I ' Y el oogcaph" 
01 technical specifications prog' opcrs. I Ie grey literature" 
the software tool s and dC~~lopn::~tlt:ll~~fr~~~~mals,. tuto~.iab an~ magazines: 
some of the many IllIblishcd . . ents a~~oclated with Java: and 

, . ... 11ltcrvlew~, ncws and op" , . 
Java s "gmhcance. As pe' Macc", (1995) m d. ' .. ", . .a,,, concemmg 
111 terms of the "chains path th d" y. l~c~sslOn wll!treat materials 
localions" (105) that !i~k' th:' rWeah.'I' conJu~ctl?n s or juxtapositions of 

tn. Ie questlOtllng an d' . 
between new media and the virt al . ~ II .' , y. Irect equatIOn 
a specific case f . 'I' u '. In 0 oWing the~e ch,uns I cxplore how 

. 0 vlrtu.\ lty entat'" both ab t ' , ' . con~ti tutive incompleteness 0 . , s rdctlon or separallon and 
attachment M . I d ". pen-endedness, rclationality and forms of 

. y met 10 s are 1I1f1uenced by . ' 
and technology (Latour 1991' H " recent ..,ocml ..,wdles o f science 
objects or practices a~ hybrid ar.~~vay, 19~7) tha.t .treat technical concepts, 
followin

o 
the "thing" as 't Sh.srocla -1ll,lIenal entlllc~ to be invcstigated by 

,'" . I . I ts contexts chanoes int' . 
vanety of di..,courses and . . '. '" . ~ atlls, enters m\o a 

. . praCl1ce..,. and I" subject to d' t" d f 
participation and circuhtion C. .' IS I11Ct mo e~ 0 
virtual as an abstract cOl~cept' fie~~l::~.~e~lIIY, ra.ther ~han .identifyin

g 
the 

how processes of 'lbSI"acl.' h 111 practical virtuality needs to ask 
... ,." Ion ave been imple d· ,,,;sted. mcnte , ,ole,prcled and 

Code as practical virtuality 

Dating from 1995. the Java Virtu'l M' . bnguage (Io"elhec known s;, I a
J 

,.chme and Ihe Java pmgnunm;ng 
componcnh." enmlled m;lI;o~~ y;s ava) gmdually galheced moce and more 
maJ'or web b" . 0 programmer.." was embedded in an the 

IOw..,cr~ and triggered . . . Microsoft's NE'T '. d 11lutallons and competitors (such as 
. ., plO uct~). In 1003 J" " . .' 

'ppcox;malely Iwenly m;lI;on moh;I' - h '. ava n,b bemg. h",1t mlO !,; p ones pel 1110nth (accordmg to ~ome 

95 

,~. Practical virtuality 
Ja.""" 

,uce
e

,), came pre;nstalled w;lh every copy of Windows and Mac as, was 
~ und runn;ng 00 most web ,erve"" and was d;st,;buted ;n vad"," more 
~oteriC fo"n' (soch as ,man cards). Jav" ;, Ihe staodard progranun;ng 
:,ng

oage 
laog

hl 
10 unive,,;IY computer ,,;cnce students. Wh;!c ;1 would be 

d;ff;cult 10 exh"ust;vely I;s! Ihe appl;cal;"''' of Java. Ihe bccadlh and ""iety 
of;b drcolat;on suggest, Ihat Java cmbo{ltes a concentraled "aling-up of" 
pacl;cul" k;nd of ICchn;cal med;"I;on (LalO", 1996) w;lh;n contemporary 
neW med;a aod ;nlo,m"l;on cul l",<'. Althoogh ICchoolog;e

s 
as object, or 

c",nmod;l;es h"ve been black-bo"d. branded and marketed foe a long I;me, 
la'"' as we w;1l "e, ;, nol ,0 m"ch a ,;ngJc Ih;ng, ohjecl or mcd;" bul an 
unfold;ng, b;furcat;ng, looscly held ensemble of pmct;ce,. ;,,,,,g;n;ng'. 

logos. knowledge.., and artifacts. In thi s " Internet programming language" (a dcscription that rJesignatcs 
"hen Java was pcoduced), an explic;1 Icchn;cal concepl of Ihc v; n"al ;, 
ceo"al. "The Java V;nual Mach;ne:· declace, Ihe Ja"" V;rn",i Mach;''' 
Spe6fi

ca
,;m', ";, Ihe cornerslOne of S"n', Java pmg,amm;ng language. It ;, 

thc component of the Java technology rc~pon~ib!c for Java' ~ cross-platform 
delivcry. the smal\ size of its compiled code. and Java'

s 
ability \0 protect 

users from malicious programs" (Lindholm and Yellin 1996. 3). More 
tcchnicaJly. the virtual machine at the core of Java can be defined as a 
"collecl;on or ,esouce<' Ihat cmulatC' Ihe behav;o", of an actual mach;oe:" 
Thi s definition of a vi rtual machine emphasizcs a "collection" of things and 
a relation to an "actual" machine. Extrapolating from the technical 
definition. Java's virtuality involves more than coUecting or emulating: it has 
become a si te of attachment for people, practices. products and events. 

In the assemblal!e of code. trademarks. document.,. technical mOOeh and .. ab~tractions, catcgories, standards. practices and events coUectively named 
"Ja\'a," software infrastructures. coding subjectivities and differences of 
rhythm and speed provisionally coalesce. A<., in the Linux kernel. they 
remain partial or incompletc solutions to problems of agency associated with 
software . This provi<"ional stabilization of identity and 
platformhnfrast ruetu,e ;, ak;n 10 Ihe "flo;d organ;zal;onal fo'm" of 
'.permanenlly bel"" de",;bcd;o Neff and Slark (200.\). In Ihe sense Ihat ;1;' 
never fini.,hed-alway.., undergoing modification..,. fixes. uprJaleS-1lluch 
commercial and free software i.., in a beta state. "PraClical virwality" differ.., 
from "permanenlly bela" ;n Ihat ;1 doe, nol ,ely 00 " foemal n'VI;on of 
variability or on explicit organizational ..,trategie..,. The dynamiCS of new 
media. i would argue, arc not always driven by organizational design or by 
formal attributes. hut by irreducible slippages between discour..,es and 
practice". Somewhat pararJo:dcaHy, lhe abstraction associated with notions 
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of the virwal (both in new media theory and ~oftware enoineerino) ,"'n 
bel'l . ' e e sOUl t~ ~lg l1y relational. contingent and grounded in practice. The praetie 
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vIrtuality of Java begins from the minimalist technical computer scie al 
d fI ·t· f h . I ' nee e IIll iOn 0 t C vl n ,ua as a collectIOn ,of resources emulating the behavior 

?f an. ~cl ~al mach me, ~nd .progr~sslvely encompasses resonances and 
1I~leractl?nS between ~ wldcmng e ll"Cie of actors. "Virtualization" of the 
virtual IS problematIc: the process of lifting out and discntangl· 

. b· '. connectlons nngs new configurations connected to other realities. 

Software as variable ontology 

Crit ics o,r firs t -~el~eration accounts of cyberculture such as Miller and Slater 
(2000) : Ightly inSiSt on the relation between new media and social context. 
In Java s. case, ho.wever, what counts as context is hard to decide. While il 
can be situated within the hi!.lOry of the software industry (Campbell-Kell 
2(03) and the Intomet (Abbate 2(00). its ongoing development "n~ 
c ircuh~tiOn. ~ak~ it difficult to adopt a purely historical perspective. Too 
much ~s stl1l1ll tl~x, and ~i.thout detailed archival work. any brief history of 
Java flsks repealing quasI-Journalistic accounb Ihat attribute all agency 10 
key human actors (e.g., Lohr 2002): ,>uch accounts should themselvc~ 
perhaps be objec~s of analysi!.. More importantly, in principle. context alone 
can n?t . ~eces!.aflly reveal the spec ificity of an object regarded as a 
muhlpltcilY charac leriL~d. ~y unpredictable slippages. Con text can just as 
well ~bscure that speCifICity by reducing it to a set of familiar terms, 

meamngs. representations or narrative!.. 
If i~ is not possible to isolate Java as an object. it might be more 

productively approached as a project. From the standpoint of important 
strands. of contemporary science and technology s\lldies. the shi fting 
ontolog~cal status of some things-cspecially epistemic objects that are both 
the o?Ject of kn.owledge and technical work (Rheinberger 1997)­
comph~ales any. Simply. notion of contexl or object. In the process of 
formation. sociOtechlllcal objects constantly contcxtualiLe and 
dec~ntext ualize themselves. Java is a Iypical variable-ontology object or 
proJec~ (Latour 1996. 173). The term "variable ontology" suggests that 
essential nature of the entity is unstable. Questions of when and ~where it is 
social or technical. material or semiotic cannot be conclusively answered. 
Even. after almO'.t ten years, Java conti nues to be in formal ion. and this 
ongoing process is explicitly part of its constitution. In other words. it is 
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ade to be constantl y in the process of making itsclf. For instance. in 1999, 
~a point relatively late in its rise to popularity. the Java-ccntric view of new 
~edia projected itself well beyond thc desktop and screen. as Jal'aSpaces: 

Principles. Pa/fern, (lllli Practice reveal-;: 

By early in the nev. millennium. a targe cia" ot compul:llional dCVlccs-frolll 

dc\k top machine' In snMl1 appliancc~ and porlahle dC'lcc~-\\ill be nclv.or\..­
cnabled. This trcnd nOI onl) inlplKh Ihe way 'IC u'c COlllpulcr" tnll al,o change .. 
the way \\.:: crc<ltc :Ipplication, for them: di~lribulCd applicalioll' are becoming Ihc 
nal

uml 
way to buitd software. ··Di,lribulcd computing·· h all aboul dc~igniflg and 

building applic<lt ioll'> a, a \Cl of proce,'c\ Ihal :Irc di"lribulcd :ICro,S a ndw{)fk 01 
machines and v.ork logClher a\ an clI-.cl\lble 10 ,oh.:: a common problem. (Freenl<ln, 

Hupfer and Arnold 19<J9. :!) 

The ambiguities of the la ... t sentence are relevant: not only was Java 
designed with a view to ongoing changes in information devices alld 
networks. il is conce ived a<.; changing the way software 1-, designed and built. 
The "common problem." the problem to which the practical virtual ity of 
Java respondS. is how 10 make software mo\c around in en ... embles of 
machines. In order to lift ihelf out of localized contexts, the Java projcct 
take~ on different kind ... of reality. il moves between social and technical 
regi '>lcrs. and it participates in an ongoing process of cOlltex tuali zat ion and 

decontextualization rathcr than circulating a~ an inert. stable object. 
The trademark of a variable ontology project is difficulty in saying what 

something is once and for all. Java has long exhibited this trait. In Ihe early 
t990~ . a software product group at Sun Microsystems in Palo Alto, 
California was working on Project Green. The software was designed to 
control entertainment appliances such as video games and television ~et-lOp 
boxes and to allow appliance'> 10 communicatc with each othcr. Project 
Green had involved the design and implementati on of a platform neutral 
programming language. initially named Oak and later changed to Java 
(Gosling 1995, 1). Oak aimed 10 overcomc the obstacles that the proprietary 
specificities of cOlllmodity electronic hardware put in Ihe way of 
programmers. If programmers were writing programs for mainframe, mini­
or microcomputers. the computing environment was relatively familiar and 
well-defined, according to widely ~bared conventions of relatively few 
operating syslems. But during the 1980,>, when programmer ... began to 
develop software for new programmable devices proliferating in consumer 
electronics. dome ... tic white good,> such as refrigerators and washing 
machines, communications and entertainment equipment, bugs multiplied. 
O,~k, the new lingua franca. was going to simplify the complexities of 
CXI~ting programming languages like C and C++ and would furnish a new 
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computing. platform to smooth over ,>ollle mundane bUI Iricky pitfalls of 
programmmg embedded devices. The vision of many different con-u 
I t"d"' ·,mCr 

c c.e f?I1IC eVlces. with embedded computers continues in ideas of 
~blqUltO~IS .computmg over a d~cadc later ([()[ instance. in the JavaSpaces 
III~ralurc clled above, but also III the Mobile Ja\a technologies) and finds 
culfen.! echoes as computer ~lardware manufaclUrers ,>uch as Intel and Dell 
move Into consumer eiecirolllcs.< 
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In the mid-1990s. just a" first-generation siudics of nc\\ media a d 
cyberspace were appeari ng and the notion of virtuali ty a,> radically distin:t 
from ~he real was most heav ily discussed (Heim 1993: Rhcingold 1994), the 
tcchr~lCal problem of .platform-specific code that Project Green had 
addn.;ssed. reapp~ared In the guise of di"'paritie ... between comput ing 
platforms Increasingly networked together by the Internet. Project Green was 
newly relevant to the Internet. The new rationa le for Jav'l a\ tol" by r h .. I " U oneo 
t e p~lnc l pa .product engineers at Su n Microsystems, Jarne\ Gosling, in a 
techl11cal while paper from 1995. substituted "network" for .. ') , 

I I 
." c{ nsumer 

e (:c ronlCs : 

JAVA was designed.!O support upplication~ on lIelwor~". In generaL network~ arc 
compo~ed of a I'unety of ~ystems with a variet~ of CI'U ""d . . . """ opcrntmg system 
archtleclUrcs. In order lor a JAVA application to be able to e'l(eeute unywherc on the 
IIc\v..ork, the c~mpllcr generates an architecture nCltlral obJcct filc format the 
compiled code I~ C'I(ccutubl . . .. e on many proccssor;, gllen lhe presence of the JAVA 
runtllllC. (Go,ling 1995, 1) 

< .TI~is goes we.ll b~yon~1 anything envisaged in Project Green a few yearf> 
e.lriter. Java appitcatlons 'arc able 10 execute anywhere on the network:' A 
~tron~ chall~nge to th~ ~revai l i~g mode of existence of software was implicit 
In Ihl.<; recontextualtzmg claim, If software applications can execute 
anyw~ere on the network, then they arc frecd or decontextualized from the 
notonously localized configurations and specificities of hardware 

Mu~h programming practice and system administration w~rk tries to 

cOI~e ~t!h the problem\ of platform specificity. An application wrillen for 
Umx III the language C++, for example. ha\ to be rewritten for Windows. 
Photoshop us~rs on Windows might have a ~Iightly different version than 
tho~e on Maemtosh because programming teams have trouble \ynchronizin" 
thetr work A . f" • 0 . .' game wntt.cn lor Sega s Gaillecube will not run on Sony'S 
PlayStatlon. Many technical innovations and workarounds arc used by 
software developers, system engineers and users to circumvent the obstacles 
pose~ by the d.ifferences between commodity hardware platforms. Tbese 
soluttOm often mvolve rewriting or modifying software code at some level. 
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'Jliese difficulties might have remained largely invisible to the world outside 
ft wa

re 
development if Java had just offered a practical ... olution. But when 

;:n Microsystem\ trademarked the phrase "Write once, run anywhere." they 

(Iladc a stronger claim. 

Solving the problem of the platform? 

New media forms such as the web, text-messaging. online gaming and email 
depend on hardware and software platforms. Howe\'er. rdation\ among 
media forms. practices and platforms are often in flux. Technological 
plat forms like Windo\\ \ or Macintosh lend to define themselve\ as "Iifted­
out" spaces (Lash 2002. 2-l). Platform\ are singular \ites in cert ain ways, 
which can put them at odds with attempts to ground the Internet as a domain 
of practices and discourses embedded in ·'rcal social interactions." Java 
complicates the picture becau ... e it figured itself as a metaplatform, a space 
lifted out froill the already-lifted-out \paces of the Windows. Mac or Unix 
platforms. The promise of a metaplatform wa\ directed at soft\\are 
developers. not general consumers or markets for hardware or software. 
Although Java has made lllallY headlines in mainstream newspapers and 
periodicals from 1995 to date. the core platform components \""'t!re not 
directly sold to consurners. 1 From the out\et Sun Microsystems freely 
licensed the basic tools and the Java Runtime Environment or Java Virtual 
Machine (Sun Microsystems 2005d), while retaining fairly strict control over 
the later evolution of the language. ]<.;\ues of commodification. property and 
branding in softwarc production will return later. but my key point about the 
"Write once, run anywhere" trademark is that it promiscd something of 
practical significance to writers of computer software. The act of writing 
software, a complicated, highly labor-inten~ive activity. was detached from 
one existing context. the proprietary computer platform. Ar.;, we will see. the 
program changed, too, becoming an "'architecture-neutral object" r::llher an 

architecture-specific one. 
Changes in programming \\lork a\sociated with Java became more 

significant only after the advent of another software platform. albeit of a 
different kind: the graphical web brow\er. Java's migration from consumer 
electronics to Internet programming languagc navigated a narrowl) 
technological but critical passage via the web brow~er. In 1995. browsers, 
still relatively new (the first. Mor.;,aic. war.;, rclear.;,ed in 1993). could only 
dir.;,play static text and static image\, Many newr.;,papcr<; reportcd at the end of 
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o SIalic we content: that year that Java was going 10 solve the "I)roblem" I' . '. b 

The mo~t \ignificanl technical uc\clopmcnl of the )"Car \!d~ J. . . "b' 
onclIlcd inler r' 'd . .\ _ • , - .1\ ,\,.111 0 ~cct· 
dC\'clo;r sunP"~~" . :Ire \UCcl~rc - nculral progranmling language" accoruing \0 its 

the real pov.cr {)~C;~):,)"lCI~~. l1a,' umkr-Ialcu and unglarnorou~ dc,>criplion hides 
embedded in We a a. \\, lch \\,1\1 a\10\\ \mall progralm--<:alled applct'~10 be 

b page" glVl1lg thenl a lIfe of their own. (An~CIll 1995. 12) 

blf small Java programs or applets could be embedded in webl",oes th 
we pages need no longer be static. The Java-enhanced web brow:> ' en ~~~~~~r~~;; I~~~~~s~rOpgra,n~s 01l

b
the fly without any prior insta;l%i~~U~~ 

. rogr.1Il1S y a user. ThIS capaclt d d d agreeme~t by Netscape. the makers of Nehcape Navigato/to ~::';c~ne '~tn a an ~~,;;p~r,'tc a Ja~a Y",ua,1 Machine. a sub;!anti," and SOPhistica~d chunk ~f 
, ntO NClscape ~av i galor. a proprietary product. Microsoft rclue 

followed soon after. I"ensing Java for their Internet Expl U f tantly 
the promise of anim ated. audiovisual. interactive';; ~:er, ~,ortunateIY. 
~~:~u~ Ito fTuhit.ion idn Java, Many difficulties beset J av:b~;~:~Sd('~p~~o~ ~~a::~ 

a mac me. own load Hille for Jav' 1 r' 
imP:ementations of the virtual maehin; ~n ':\'i~f:~~ntrep::~~;:;"S)in~~~~a\i:;e 
app ets are relahvely uncommon on webpages. even tbou

o 
a 

techmcal capab' I"'" that p,,,allel tho<o of th f e

h 

they hate an imations, car-more common Flash 

Neverthele"s the po' ., r 1ll1<;C 10 pro"nmmcr ... of "W", 
anywhere" bee "bl' c ' n e once. run 
th b amc VI'll e III the context of the struggle for domiwllion of 

e rowser market We could say th . ' lu -in J . . al III transmuting into a web brow~r 
:e~ br~w:~ao for~"d part of an assemblage that included the practices of 
differences ~c tan the borgeoning domain of the web itself. The proprietary 

problem' exe::~~:l ~om.unhler electronic devices were no longer the central 
• I:" anyw crc on Ihe network" . , 

vision, Rather. the linka o b w"' no onger the grand 
it ' "d ,ce~ , etween the new n"d,um of the web-with all 

s .a'>S?Cld(C pronlLscs 01 llHcrac ti,ity. accessibilit h . 
red"tr,butions of at tl b' ,y. ypertextuahty. and ," . . I lOrs Ip-gavc Java vl<,ibility a.., a mel a latform a 
smgularly !tfted-ollt space amid all the other potcntial lifted-ollt ..,~aces. . 

Installing and implementing everywhere 

Java ini tiated a vaT' at" . h as ,'elated t ' ' '~n '" t e mode of existence of ,oft ware and developers 

platform, Fi ~t a p~~~,al clem;,'" of new media's technical context' tbe 
. Tm specI IClty wa.., no longer to be an ob.., tacle to the 
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'ireulation of computer code, Code's new mode of existence was 
~."chitcetUre neutral" and thereby gai ned a certain provisional autonomy 
f""" exi sting proprietary platfurms, Second, progmmming work changed, 
The "write once. run anywhere" branding of Java promi,ed new mobility for 

,,,ftW
are 

and software developers, Not only could ,heir code mo" more 
freely. but software d"elopers themselves could tran,ition more smoothly 
b<,,,ce

n 
projects, By suspending or "neutrali Ling" proprietary platform 

,pceifieities. Java gained credibi lity'" a metapl,nform, by entering into a 
domain of inten" cu ltural-technological change. the browser wars of the 
"id_1990s, Java gained credibility'" a coding practice, The advent of Java, 
which could have been just another of Silicon Yalley', innumerable ,oftware 
product releases. became significant in the market contest between 
NetsCape

s 
and MierosOft ' s graphical web-browser products, At the same 

time. Java's capacity to alter the mode of existence of programs and to 
change the character of the technical practices associated with programming 

required java. at least initiall y. to enter that highly contested domain. 
As a project involving practice.., of virwalization rather than virtuality 

per ,e. Java could not be completed, A, mentioned p,'eviously. Java couples 
a programming language and a platform or software system called the Java 
Virtual Machine (JVM). Two technical document.., publi<;hed a'" separate 

books formally describe these entwined etititie" the Jaw> Pm",a",,,,i"~ 
um gaage SpecifiCafio" (Gosling. Juy, atid Steele 1996) and the Jam Vi",,,,1 
Machine Spec!ficlIliOi/ (Lindholm and Yellin 1996). Although neither makes 
much scnse without the other. the language and the machine have different 

modes of exi..,tencc. and they circul;.Ile in different ways. 
A significant a..,ymmetry exists between Java as a platform-neutral 

architecmre or abstract machine and Java a<., a programming language. On 
the one hand. according to thc }(lI'(/ Vir1lla! Maciline Specific(ltio/l, "The 
Java Virtual Machine knowS noth ing of the Java programming language. 
ooly of a particular file format. the cia" file format. A class fi le contains 
Java Virtual Machine instructions (or bytccotles) and a symbol table. as well 
as other ancillary information·' (Lindholm and Yellin 1996.4). Leaving a..,ide 
teehniealterm!-. such as ·'c1ass file·' and ··byteeode." th is quotation explicitly 
decouple.., the progrumming language Java from the JVM: the JVM "knows 
oothing" of Java the language, On the other hand, the JYM. the ,peeifieatio

n 

later continues. "was designed to support the Java programming languagc'· 
(Lindholm and Ycllin \996, '). The platform wa'i designed to suppon a 
programming language it "knows nothing" aboUt. The coupling between the 
programming language and the platform, even an architecture-neutral 

platform such as the abstractly defined jVM. runs fronl the language to the 
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machine. bu t not in the opposite direction. 
The Java Virtual Machine. or the Java rmuimc. as 11 1'. usually kno\\. 

was vital \0 Java's Internet programming claims. Java's promise ~ 
programmers th~t they could write code in Java fo r diffe rent platforms reile 
011 the Java runtIme being installed wherever the code is going to fu n. B 
this i~stalla t.ion presuppo~es an implementation of Ihe virtual machine. l'~ 
question of ltllplemen talion has been a sore point in the in\tallalion of Java. 
In order to retain maximum pl<ltform neutrality. the Jam Virttw! Machille 
SpecijiClllivll rema in" highly formal in ils description of the JVM. The 
technical specification slates: "This book specifics an abstract machi ne. It 
doc~ not document any particular implementation of the Java Virtual 
Machine. including Sun's" (Lindholm and Yellin 1996.5). The motivation 
for th is level of abstraction is simple. Since different kinds of devices have 
d ifferent technical capacities. " the Java Virtual machine does not assume 
any particu lar implemen tation technology or host platform .... It may also be 
implemented in microcode. or directly in silicon" (Lindholm and Yellin 
1996. 5). Many d ivergent implementations of the JVM ara\e in the latr 
1990s: Java-on-a-chip. JavaOS. Java Pc. PicoJava. Ja\a smart cards. as well 
as the many implementations of Java for PCs. mainframes. workstations lind 
most notoriou~ly. in the form of MicrosoCt·s im plemen tation fo r the 
Windows operating \yste m. 

In principle. thi s arrangement was intended to keep several layers of 
code apart. Firstly. the programmi ng language Java was to be decouplcd 
from a software platform. the Java Virtual Machi ne. Secondly. the JVM. an 
"abstract machine:' was to be separated from any particular implementation 
on a particular operating sy~tem or hardware system. Neither of these cou ld 
be completely accomplished. Al though the JVM was in princip le supposed 
10 "know nothing of the Java Programming Language:' in practice it soon 
became apparent that in order to work around the various limitations and 
problems of getting Java code to perform effectively in specific applications. 
programmers would have to know something about the way the JVM 
executed code. Programming web ... ites. magazines like 0/: Dobbs lounUlI 
(ODJ 2005) and lal'aWorid (lOG 20(5). and many books (Cadenhead 200,n 
were quick to furnish explanations. tutorials. tips and tricks 10 help deal with 
performance problems. At the same time. working from the opposite 
direction. it also became desirable that actual JVM's should know something 
about the code they were executing. In the late 1990~. in response to long· 
standing complaints about the speed of the Java Virtual Machine on certa in 
kind" of computation (graphics processing in particular). the leading 
implementations of the JVM produced by Sun. IBM and Apple began to 

. . Practical virtuality 
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'1 feature "just in time" and "hotspot"· compilers. These compilers 
hea\I Y . b' " f d l1\I!a~ured what paris 01 the program were elng executcu most 0 ten an 
.' recompiled" those p.ans of. the progn~n~ 10 en~ure their fa.'.ter ~'(e~u lion. 
r h h'"hly tech nical InnovatIOns. remalOlIlg largely black-boxed IIlslde the - '.. . . . '\1 responded dIrectly to the Widespread perception among programmer ... 

J"j s'oft wilre developers that the performance of code wrillen in Java could 
an 'on, pete with code written in other languages sllch as C or even Perl. -, . 
The "eparation between th~ layers- of language, abstract machl.ne and actual 
machines-were being dIstorted and blurred .. Implementat Ions beca.me 
.. haped by what programmers .\~a~l~ed t~ cod~ 111 Java. a~d programtll1l1g 
changed in response 10 the spec1ilcltles 01 Java Implemen tations .. 

Finally, Microsoft's version of the JVM for Windows operat1l1g system 
di\'erged in subtle ways from the abstract machine in the lm'a VirTIIlll 
Machine Spl'cijiclilioll, wh ich led to Sun to litigate in U. S. courts. The 
in,tallation of the J VM as a default component of Windows was the crucial 
j"ue. Microsoft·s dec ision to include either a nonstandard implementation 
or no implementation 1>ucceeded. according 10 U. S. Distric t Judge J. 
Frederick Molz. "in crcUling an env ironment in which the distribution of 
Ja\'a on PCs i~ chaotic:'~ Microsoft·s innovations only highlighted that the 
coupling between Java and commodity computing hardware was ab1>tractly 
defined. and that Java as an actual. executable code object was inherently 

un~tab l e. 

Books, screens, machines and networks 

My carlier argument that :.oftware performali\ ity i ... circulation-based can be 
developed further here. As a way of ""'riting and running :.oftware. Java 
circul ates code across different ~cene~ or surfaces of writing (paper. screen, 
computer chips. web articles and help '>ites). In contrast with the Linux 
kernel. where the interplay between a collaborative Unix philosophy and the 
mOmentum of constant commodity-hardware innovation cause code to 
circulate, in Java's case the proces' of abstraction called virtualization 
generates the agential effect of Java software. A performativity centered less 
On tcchnical performance (in execution speed. Ja\'a software has often been 
Judged slower than software written in other programming languages) than 
On code mobility arises from this circulation. 

The Java Virtual Machine and Java programming language impose 
conMraill11> on the circulation of Java, constraints that played an important 
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role in legal ..,trugglc~. But the problematic separation helween programming 
and executing Javu code 31"0 drj\-'c-, Java's practical \irtuality. The ab,tracl 
specification .. of the programming language and JVM were reworked and 
reinterpreted. Interpretive communitie .. (Fish 1(80) v.erc built arou nd 
"truclUrcd circulation,; of code and particular form.., \\ ilhin code. Cultural 
processes of circulation linking an ohject (JVM). artifach dependent on that 
object (program'> or executable code). and the embodied .. kill., of 
programmer.., began to coalcM:c around the ab..,tract '>pccificalion'> of the 
language and the Ja\'a Virtual Machine. Rather than remaining bl~lck·boxed. 
unrelated ab'ilraCliom. a.. defined in the specification.... both the 
programming langu:Igc and the JVM became complex circulating form\ 
from ""hich other projcCh. promi~es and conte'(ts con.,tantly .,pun off. 
Sifting through the avalanches of press releases. new"paper and magazine 
art icles. on line editorials and web., ite di~cussions of Java .,ince 1997 gi\e\ 
some indication of tile broader scope of circulation assoc i'lted with Java. A\ 
the JVM wa., in ~lalled-uncvenly and with frequent update~ during the late 
1990s- and the Java programmi ng language became known more widely. an 
"interpretive community" grew up arou nd the relativcly ab.,tract form\ 
defined in the Specificmiom. 

One space for interprctivc community reside., in the gap bet""ccn Java a\ 
machine and Java a., language: the gap between architecture and code 
necessitate .. circulmion of .. e\.:eral different kinds. J:I\:I had not only 10 be 
learned by programmers. it had to become a matter of emlxxlied .,I..ill or 
ev'en habit. Tn facilitate thi .... the syntax. lexical .. tructure (the I..eyword ... 
charactel'\. operators. and separator-. such as bmcl..et'» and idiomalic 
expre .. sion., in Java pmgratm were .,elected to appear \ery familiar 10 
programmer ... Explaining the design of the new programming language. Ja\'a 
language de ... igner J:une<; Go ... ling wrote that "even though we found that 
C++ wa., un.,uitahle. \VC tried to sticl.. a., close a., pos.,ible to C++ in order 10 
make the <.;y.,tem more comprehen"ible" (Gos ling 1995. 2). While il wa, 
diverging from the economically and technically ~ignificant programlll ing 
language C++ on key technical i .. sues in order to fulfi ll the "Write once, run 
anywhere" promi .. e. Java wa .. al ... o mimicking C++ Ih rough its syntax and 
lexica l s t ruc ture~. Through pa .. tiche. the borrowing of clemenI'> from ol her 
writer~ or tcx\'>. the JVM could both .. upport a familiar-looking languuge and 
yet "I..now nothing" about it. E:-<i.,ting knowledge of C and C++ <.;yntax could 
recirculate through J;lva. 

Pa .. tiehe j .. not untl'>u.11 in programming language design. New language' 
orten explicitly cite reature .. from older. well-I..nown programming language .. 
10 make the new languages ea<;ier to learn. Popular web-programming 
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languages such a" Perl pride them.,ehe" on openly borrowing the best 
fl!atu rcs from many different language .. (Wall 1(99). Bul the citational 
proctices in Ja\a run deeper and .,tructure a second le .... el of circulation. Not 
onl) is the language .,yntax itself a p;l .. tiche of C++ (and other languages. 
.. uch as SmallTal1.. and Modllla). but writing Ja\a code re l ie~ heavily on a 
controlled form of pa.,tiche. One tcchnical term for Ihis is "code reusc." 
.. \nolher is to say that the language is "object-oriented." The term "object­
(lrienled" is used in varying .. ense .. b) ~()ftware engineef\ and computer 
"ientists. Sometimes it refcr .. 10 a de.,ign metaphor that understands 
programs as ... eb of object., with .... tatc and behavior": "an object is a 
,ohware bund le or \'ariable~ and related method.," (Sun Microsystems 
2005c). More concrete ly. Java program~ arc ~tructured around invocation" of 
c'l:i .. ting pieces of code (objects) organi/ed in a class hierarchy descending 
from a single generic class at the top called "Ohject." "The fundamental 
unity or programming in Java is the cl'I~<;." write the langunge designers. 
Kcn Arnold and James Go .. ling (Arnold. 1998. 29). Each class or objects 
inherit.'> attribUles and behavior .. of cI:I .... e .. above it in Ihe hierarchy and add .. 
new variations to them. Programming work in Java often entai ls deciding 
",hether a pre-defined clas~ offer" the desired behavior. and then either 
in\'Ol..ing instances of that cia .... in a progntlTl or extending Ihat class by 
cre;uing a modified vcr.ion of it (Go .. ling. JO). and Sleele. 1996 128-133). 
If no clas., offers the desired the bch:lvior. programmer<; mll<,t define a ne .... 
variant of an existing one. 

In Ihe process of finding which pieces of code can be recycled. Java 
programmer-. spend a 101 of time trawling through the applicatjon­
programmer interface .. (the API'» that define the pre-e'(i..,ting classe~. 

looking for desired bcha\ior .. in the cIa., .. hierarchy. The APls are available 
in printed form (Chan 1999: Flanagan 2(02) or more widcly as a large 
COllection of online HTML files (Sun Micro~y .. tem .. 2005b). Once 
programmers ha\'e learned Java ~)"ntax. much of their programming work 
revolves around reading APls and drawing together different pieces to 
con<,!ruct a useful program. If there i~ a commonly interpreted text 
underlying the production of Java code. it include~ not only Java language 
'~ntax and id ioms. but also. as a centnll component of that text. the cIa ..... 
hierarchy documented in the API'>. 

Unlike the relatively .. tatk and formally defined Ja\a programming 
language. since 1998 the APh have expandcd .. ignificantly in re .. ponse to the 
increasing specialiLation of computer .. ortware. Java code ha .. mig.rated into 
differcnt places and onto new kinds 01 platforms partly because of that 
c.'(p:ln sion. For instance. in 1998. a large class hierarchy named "Swing" was 
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incorporated into Java API (Sands 1998). This class library contained 
configurabJe and carefully designed graphic u~cr interface 
~omponents so that Java programs could be developed with the kind!. of 
mterfaces seen in Windows-style desktop computing software. At a 
when Java applch were lo~ing their appeal. the Swing 
significantly increased the complexity ?f tbe. Ja\a APb. prov iding 
contemporary look and feel 10 the vIsual mlerfacc (and hence 
fut1:,!onality) of the Java Virtual Machine. Like many other." i i 
add ll l?~~ (SQL database connectivity. (ORBA functionality, 
capabilitIes. XML parsing. CiC.). these components positioned Java in 
rapidly changing. domains of Internet and web innovation. albeit at the 
of increasingly fragmcJ1Iing the technical knowledge-base of 
programmers. 

By 1999. it had become difficult for any progrmnmer to know all 
Java API~. Hefty c?mputer how-to books multiplicd explanations. examples 
ar~d tutonals .that slmuhancously explained and promoted panieular aspects 
01 J,~va. By vIrtue of the citat ional practices associated with J,1\'a (synlactical 
pastl~he and API code reuse). Java programming forms an anchor point for 
practices of reading and writing code tha( extend well beyond the onscrceQ 
frame of the code edi tor and the developrneJ1l environment of the 
programmer. The APb solidify and modu late Java both a~ a coding practice 
and .a~ a. heavi ly marketed software platform. The slippag\! between the 
specIfIC rrnplementations of the JVM and Java language functions not \0 

much as a lacuna as a sile of metastability in which ~ocioterhnical problcm\ 
are posed and receive solutions. In thi.' sense. practical virtuality consists in 
ongoing incompleteness. 

Programmers: Agents of (new media) history 
or new consumers? 

Software developers' fascination with cuning-edge software syqems is well 
known (see Ullman 1997). But this I~"lscination has drawbacks. principallY 
t~lat t~ey wi.1I never finish learning software or programming languages. only 
~Ire 01 keepmg up with the late'" \ariations. Because of ongoing innovation 
III languages. libraries and plat/orms. Java programmers and softwurc 
developers constantly need to relearn the systems they are progranuning. 
Ethnographic ~tudies of professional Java prograrnmer~ at work observe 
them frequently shifting betwcen onscreen and printed resources. and 
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"preen windows (6 Riain 2000). One of the windows is likely to 
_n ~- , ' IJCf n an integrated development environment (IDE), a key piece of 

be ll~~ °that combines text-file munage~lent. c.ode analysis. software 
,oft" . nd other forms of programming assIstance. Scveral dOLen 

"dlng .1 . . IJUI , commercial and noncommercIal IDEs (Borland Jbullder. 
~,q ",.' ~maU. IB M Visual Age. lnle.lld. Visual CalC: VJ++. Sun One. St~dlo. 

()pi . C:"'lipse etc) are avarlable to profeSSional and nonprofess ional 
t<ktBcan~. L.\o • '. 

d ' vclopers (Jar·(i\VOIld 20(3). 
J.\a t: .' d d' J . An analys Is 01 how Java IDEs are used to co e an Inte~rate. ava 

ralll
S 

with other software would help extend the concept of virtualIty 10 
pro!! oeial relationality of coding work. The "organizing devices" (Bunon 
: ~harrock 1996) that I DEs cont~in augmem the processe<; of pastiche and 
cilalion. IDEs automate certarn code-development tasb so that 

.rammers do nol need to remember exact sequences of steps or look up 
prog . "'d"I" me exact syntax of a partIcular code con~lruct. For IIl:tance. co e rn~lg 1t 
de\'ices uutomatically suggest possible complctions 01 program code III thc 
same way that uuto-spell features on word processors sugge\t possible \:{.1rd 
completions. API documents are often available at a I\cystroke. so wntrng 
code and reading about existing reu~able code become closely related 
operations . Often. the designs of complicated software devices (code 
n:pmitories. check-inlcheck-out mechanisms. automated build or "make" 
tools) envisage programmers working in teams more easily. Version control 
mechani sms and code reposi tories managc problems of conflicting versions 
of code. More sophisticated IDEs. such as IBM's Websphere. contain 
miniature models of Internet infrastructural components like web ~ervers 
and databases. 

Beyond automating mundane manual sequences of keystrokes and 
on~creen scrolling. IDEs lie on a continuum spanning many other 
documen ts. wcbsites. journals. training programs. product launches. trade 
"hows. conferences and even specialty cruise<i.~ all of which circulate. 
prOlllote and marketize practices. detailed knowledge und visions concerning 
Java. While software production has long been an object of management 
planning (Campbell-Kelly 2003). Java arguably repre..,cnts the first occasion 
on which coding work itself became an object of intense rnarkelization. 
There are a number of significant facets to this circulation that all cluster 
around the question of marketization of programming itself. Annual 
conferences. such as JavaOne. held in San Francisco. are heavily publicized 
Within the software industry. The participant" at these events (fifteen 
thousand in 2003. but up to thirty thousand in previou\ years) largely come 
from commercial or corporate IT department\. software industry and the 
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computer trade press. Heavi ly funded by corporalc sponsor" such as 
Microsystems. these conferences combine product promot ion, 
slalemeniS and trainlr1l! sessions in new or d ifficult parts of the Java -Speculations on the futu re direction .. that Java will take, and how . 
Java is to ongoing proccsse., of technological innovation arc legion. 
statements typically suggest to Java programmers how significant their 
is. At a 2003 conference, Sun's CEO. SCQn McNealy. announced, "The 
message is that it is no longer cool to wri te for the operating system .... 
don't write to Windows Of Li nux Of Solari .. or Macintosh. You write for 
Java Web services laye r. It is so last mi llen nium 10 write for the 
syste m."b McNealy claim~ that by cod ing in Java. Java prog rammers 
agen ts of con temporary in novation : codi ng in Java, they inhabi t the 
millennium. In his understanding. programmers arc agen t ~ of cultural 
technica l innovation, subjects of history. 

Constant (usually less grandiose) ~o l icita ti ons run through the 
anci llary publications devoted to Java . For in<., tance, the monthly 
magazine jCII'{I\Vorfd (hllp://www.JavaWorld.com) has been 
articles on Java since March 1996. Some arc introductory tutoria ls 
for beginning programmers. whi le others pub lic ize recent or 
extensions of Java to new platforms or appl ication<.,. Often. articles foc us 
a specific facet of the Java language and demonstrate how it can be 
to a "typical"' programmi ng si tuation. The definition of what cou nts 
typical is highly fluid. An article from 2003 bears the title "A I 
Framework fo r Grid Computing: Learn to Build Your Own Grid 
Application Using Open Source Toob" (Karre 2003). Given that 1\ IS 

likely that average Java program mers will be involved in implementing 
computing applications (the large-scale software installations discussed 
previous chapters that network thousands of machines ranging from pe s 
supercomputers: the most famous example is SETl. the Search 
Ex traterrestrial Intell igence. running on half a million PCs). why 
jal'a Worfd tutor its readers in how to construct them? Despite the facl thai 
massively exceeds the typical programmer's purview. grid computing is. 
as a way to take the Internet a step further. The article explains how 
might be done: "Driven by Ihe success of the SETI project and others like. 
researchers have been worki ng to exploit the vast pool of 
resources connected to thc Internet. but in a way that is secure. 
and extendable" (Karre 2003). Many articles like this one imp ly that 
readi ng and experimenting with the demonstration applications or 
fragments described in the art icle. programmers bccome partic ipants 
transfor mations "about to" occur in thc Internet. The "vast pool 
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resource~" in the quotc above hint-. at these potentials. 
the i nce~~ant updating of technical kno\\lcdge a,sociated with a 

wide field of pm~ible app li cat ions of Java. programmer, and 
developers become skilled by accessing training materia ls fou nd in 

trade press. public institut ions of higher education, hobbyi~t magazines 
education t:1cilities. In the late 1990s. Java quick ly became the 

language of choice fo r introductory underg raduate computer 
courses at univer<.,ities across the United Kingdom. Europe. the 
States. Austral ia and Asian coun tries such as India. Acade mic 
departments were quick 10 respond to the appeal of Jma to students 

"the" Internet programming language. Academ ic authors prompt ly 
programming tcxtboob based on Java (such as Rowe 1997). Thcsc 

merged into the ~tream of trade books flowing from pub lishers such 
SAMS. and Addison-Wesley: academ ic books are somctimes 

to distinguish from trade boo'-s. 
AI the same time that Java prog rammers were being trained in 

.. and colleges. the identity o f "Java Programmer" was being 
by proprietary cert ification. For instance. the Sun Java 
Certification Prog ram administers tests of coding knowledge at 

Promelric testing centers located in major cities arOllnd the globe 
Microsystems 2003a). At these testing cen ters. programmers pay a 

. fee to have their knowledge of Ja\a tested through a series of 
llc--choii c question~ downloaded via ~atelli te from a centra l testing 

in the Uni ted States. If they an<.,wcr 85% correctl y. they receivc a 
lirtificate. Java lape l badges and pe rmi~~ ion to use the Java 100w on their 
la&iness correspondence. These somewhat banal souvenirs rec~ivc kudos 
10m some Java programmers. Achie\ ing Java certification tend .. to be the 
_ ition of younger programmers without much indu~try or commercial 
-.perience. whose employment prospects are uncertain. In u~cr group,. ncws 
lias. and websites. debate intcrmittently arises over the value of 
tenifi cation.1 over the value of "real" experience versus book knowledge. 
Underlying both sides of the debate i, a commitment to the distinct iden ti ty 
of the Java programmer. an identi ty shared and reinforccd through the very 
Itt of debate. 

Sites of attachment 

At the nucleus of the involution., of agency associated with Java, stable and 
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inert textual forms like the jawl proW'(Ullllling Langllage Specijicmj 
j(/I'(/ Virll/a/ Machine Specificalion remain relatively untouched. As 011 

circulation changes them slowly. The Java language only added a 
number of keywords from 1996 onwards, The JVM has chanO'ed r .1" .' 0 lttle 
specL LcatLon, although Lmplementations have proliferated. The . 
promise "Write once, run anywhere" links the"e singUlar, 
abstractly defined form" of Java. Paraphra<;ed, the promise reads 
code ,in Java. and wherever a Java machine i", Ihe code will fun." Yel a 
remaLLlS between the language and the virtual machine thai the 
promise docs not lotally bridge. Bowker and Star (1999) write 
classification and swndardization "chemes arc a mixture of physical e L~ t i ties, 
such as paper forms. plugs. or software instructions encoded in silicon, and. 
conv~L.ltLO~lal arran~ements such a" ~peed and rhythm, dimension, and how 
specLfL.caILons . are unplemented" (39). Java both confirms this point and 
complicates .~\,. Altho~gh they face each other. the "conventional 
arran~eL1lents 1Ll quest Lon here (Java the language and Java the virtual 
l~ach1Ll~) and the altributes of particular implementations (speed, rhythm. 
dunens Lon such as memory usage) remain in indeterminate and metastable 
r~lation. The jVM and Java language arc not the same thing at any level. The 
dLfferences, gaps and friction~ between them constantly defer the fulfillment 
of the write-once, run-anywhere promise, which consequently remains 

virtual itself. 
Another level of circulation attached constantly expandinO' Java APh 

and di vcrs ifying J V M implementations to these relatively stable forms of the 
virtual machine and programming language, Certain aspects of new media. 
culture became "hotspots," attracting a lot of Java programmer intere"t and 
coding work during the latter years of the 1990s, Sometimes, that interc~t 
became so intense that it led to changes in the form of Java or in some aspect 
of the work done with it. Java, as we have "een. owes something of it' 
suniv~~1 to the browser war .... Even a" problems with Java applets were 
appearing, new facets of the Java platform were developed. New points of 
attachment or identification became 'lVailable to programmers. If web-based 
applet" were the front-end application that elevated Java 10 semipopul

ar 

status via the graphical web browser, Java serv\cts were the infrastructurJI 
software components that allowed increasingly complicated dynatniC 
institutional and corporate websites to move away from the ad-hoC CGI 
(Common Gateway Inlerface) Perl scrip'" that prevailed during the earl) 
1990s, Like many other pieces of software infrastructurc associatcd with 
growing popularity of the Internet and the advent of e_commerce. Ja\';.L 
servlets and Java server pages (JSP) allowed websites to be integrated with 
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were Ihemselves incorporated mlo soltwarc m u~uy pm uc," 

forlhe web (such as IBM's Websphore) or,mlO open.sourcepmJects (such a: 
Apache Foundations jakarw Tomcat pmject), M'graung ,nwards Irom Ihe 
publicly accessible "de uf corporale·.."uluuon,,1 webs""" jav" percolated 
Ihrough Ihe burgeoning and perhaps cnmmercwlly Hnportanl ,uuctures of 
bu .... ines.... process re_engineering and busme ........ -to-busmess (B2B) 

applications. In sum, the relatively .... table circulating forms of the Java language and 
\'irlUal machines are heavily ornamented by layers of documents. manual .... 
and tutorials that modulate the primary layer of installation, implementation 
and code production. Many different pieces of software .... uch a'> IDE,> were 
de.,igned to facilitate the writing of Java code. Beginning with graphical web 
hrow<,eni, crucial platform-specific implementations of the jVM were or are 
being made available by different vendors such as Sun, IBM, AP~le, 
\ticrosoft Redhat. and others. Around these relatively slowly evolvmg , ' 

entities circulates a much more rapid kaleidoscope of claims, counterclauns, 
promotions, conferences, press relea'>es. court cases, books. journals and 
even souvenirs associated with Java. These repeatedly flow back through 
Java coding practices and the operational deployment of the Java Virtual 
Machine. None of this occurs without attachments or identifications between 
Java as a branded artifact and software developers: their work- what they 
read, the code they write and the thing" that matter to them--d.irectly affect 
how Java circulate" in the networks of contemporary new media cultures. 
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Virtuality overcomes separation? 

Java is perhaps the most widespread programming language of the IntetllQ 
(albeit in heavy competition with other languages, proprietary a~ 

nonpropriclary. such as PHP, Perl. C# and Python). [t begim as a variable 
ontology technosocial project. a programming language coupled to a chunk 
of software. the JVM. Where thi s project could anchor itself was unCertain. 
Initi ally tethered to the web browser. it successively bi furcates and 
differentiates as it takes code along new pathways. The pursuil of platform 
neutrality exposes new sites of attachlllcrll and enro ll s nev,. practices aAd 
processes of consumption and production that mooulale Java in turn. The 
project constantly absorbs innovations arising from its intensiVely 
marketi7ed interpretive communitic~. It unfold~ through technical yet deeply 
cultural processes of circulation a~sociated with coding. networks and 
machines. Because i\ remained rneta~table, always holding out a promise of 
stil l-to-come cross-platform compatibili ty. Java accompanied and at times 
led the waves of innovation and change thai visibly and invi"ibly channcloo 
information flows during the last decade. Java remained open 10 dive rgcRI 
realizations. and Java articulated diverse realities together. 

What is generalizable from thi" case ~tudy for the purposes of an 
ontology of software? The simple equation between virtuality and digital 
technologies th at charactcrized some mid-1990.., accoun t.., of the [nternd 
seem" hardly tenable anymore. In retrospect. il appears that parti:ll and 
relatively narrowly understood aspects of online communication wcrt 
mistaken as total tran"formations of existing soc ial relations and ident itic ... 
Struggling to ground an explanation of shifting patlerm of communication 
and soc iality. many analyses of new media were premiscd on a radical 
disjunction between the virtua l/digital and the aClUa1Janalog and treated 
virtuali ty as a new ground. substance or ~pace. In so doing, however, the) 
ignored some very real continuities and "tructural clemenI'> connecting nC .... 

media to other social. economic and cultural processe~. While remai nin~ 
wary of universaliLing concepb of Ihe virtual. we nonetheless need 1(1 

explain how a more semiot ically limiled, technically defined abstracti{lll 
gained traction. In main. thi " chapter affirms the virtual as something real, 
in~eparabJe from Ihe real world(s) of soc ia l relations. groups. institution'. 
production. politics and identities as~ociated wi th changes in the mode 0

1 

existence of ~oftware: Java enacts proces~es of virtualization that lin~ 
software production \0 the ongoing development of new media and 
information technologies. 

.. Practical virtualit ) 
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Deeply en twined wi th the media-multiplicity of the Internet. the process 
. lualization by definition cannot be fully completed. no matter how 

~,'r .... 
specification<., and Implementations of VIrtual mach Illes appear. The 

.Q .. I" .' uality of Java removes obstac les Ihat propncta ry cornput1l1g p ahorms 
\Irt, to the networked flows of information and the mobility of code. A<; 
~~ in previous chapters. the problem o~' the platform underlies many 
debates around software and new media becaus~ .. pl~tforms .supP.ort 
IlXhnological forms of inlellectual property. commodification ~nd Idenllly. 
Ja\"a\ virtuality promised crucial contemporary labor. to 11ft software 
de\'clopment out from the proprietary spaces of the operating system 
platform. It offered software programmers the powerfully attractive 
opportunity to release their work- the product and Ihe act of their work­
from platform spec ificities. 

The practices of experimenting with . building and maintaining Java 
~ftware suggest that virtuality is more abstract. open-ended am] provisional 
than envisaged in str ident proclamations and denials of the technological­
\'inual identity. In hi s evaluation of the ongoing usefulness of the concept of 
the virtual. Robert Shields writes: 

Today' ... lighl conncclion of the virtual 10 the digital hanlwarc and \oflv>arc i\ a nev> 
form II reprcscnt~ a relurn n! "the virlua!"' in our <;ocinl aC1ivi1Y Some would jU\t 
Ili,miss the term u.' an ovcru,~d and underdt"fillcd label. Howcver. thi\ ironi(ally 
f!.""Cogni zes thai. at a minimum. "Iht" virtual"' i, onc of Ihe n1l1\l important marl..ding 
terms for Ihe high-teCh ~ector which i, claimed In drive the den'lopment of a 
putmi ve high·lcch. I..no\.\ ledge-oricntcd "\ irtu(11 'ooeiet y." (Shield .. 200]. 19) 

AI a minimum. the marketing and strong branding of Java. key adjuncts 
to its virtuality. need to be analyzed. In ih branding of the virtual a!> "Write 
once, run anywhere:' Java uncouples some connections between digital 
hardware and software. [t docs so at the co,,! of ~1ippage, a critical 
mcta~tability between Java as platform and codi ng language that allows 
other structured ci rcu lations to come into orbit around Java. 

The attribution of agency to Java code is complicated by these slipp,tges. 
LsualJy. software work .. or does something independently of how the code 
.... a\ written. With Java. that separation between production and consumption 
comes inlo question. "Show the world your enthll~iasrn and ~upport for the 
V?lue Java technology brings to everyday products and "er\icc" wilh th is 
\:EW Java 'Get Powered' logo!" suggests Sun Microsy\tems (Sun 
\hcrosy.,tems 2005a). The or igin of the software. that facl that it wa~ written 
In Java, becomes pertinent to its ongoing life. The attachment of 
Programmers and software developers to brands and logos is ~omewhat 
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novel a~ld suggests a new twist in the di ... tribution of agency in ... oftw< 
longer IS c.odc the bridge between commodity hardware and a ~olla~;' . 
programmmg ethos: the aCI of coding itself h'\s " "e, b d 01, odT d •. LK: 1 fan cd 
comrn I Ie in quite complex ways. Coding becomes something m 
work a way fk . b ' orC \h_ . " '. ' () ecplllg a rea'>L of being contemporary w ithin the flo\lr: .q 
mnovatlons. The cost of code mobility. howc\cr, is attachment 10 brand. ~ 

Chapter 6 

"Pits" and "traders": 
Infrastructures in software 

lnfornl:ll;on infra,\ruclurc i~ :1 [rid.:)' thing \0 anal;;,..!. Good. u~ahle ,y,lelll~ 
di<,(lp pear almost by dcfill ilion, ... I nfra'lfucturc, arc never Irau'p:!fcni for everyone, 

and their work:lhilily a~ they -..;a1c up OCl:OnlC., incrca~ingly complex. Through duc 
methodotogic;l\ attention \0 the architecture atld usc 01 these sy~tem~. we can 
achieve (I deeper under~t<lnding of how indi\'idu<lls ;lnd communities meet 

infmstructurc . 

Bowker and Swr. Sorring Thingl Of/I: CllluiJii'(IIiOlI amllr,\ ComcqUcllceI. 191)9.33 

The growth of software is heterogeneous rather than simply abstract. It 
addresses commodity hardware. i'l\oke~ standard s and conve ntio ns. imposes 
orderings of space and time. and diffu~es modes of identification and 
subjcctification for originator~ and recipients. Rather than parts being put 
together. the developmcnt of software i .. a ~edimcnt ary process composed of 
overlapping flows of materia\-'. These materials can be excavated from code 
and coding, but how do they coagu late 0 1" concretize? What gives traction to 
t~e relational nexus in soft ware'? AI somc point. code, no matter how 
Vtrtualized or abstract, encounters obstaclcs. rc ... istanccs and gap" il cannot 
SUrmount. As Ellen Ullman (1997) puts it. "there are dark, unspecified 



116 ··Pit..," and 'Traders·': lnfra"tructures in 

areas" (21) that softwarc development ha" to make sense of, 
One of thesc area'" is infra..,tructurc, Softwarc i.., locatcd 

infor mation infra..,tructurc. and its location ha.., co nsequences 
con testations of agency attached 10 code. Infra"t ructures locali.lc .. 
d iffercn t ways, and ~o fl ware in turn absorb~ and incorporates· 
elemcrH s, Code is dcveloped at panicu lar places (Palo Alto. 
Taipei. Sydney), and <I'> chapter .. rs discussion of the Linux kcrncl 
code circu l ate~ according 10 complicatcd norms that do not s imply 
market conditions or technical dcmands, This chapter exa rni nc~ 
relationship between code and infrastructural locality, using the 
that managcs telecom municat iom. infrastructure as a case 
soflware crosses boundarie~ betwecn information nelworks (thc 
and telecomm unications infra'>truct ll re~ (telcphone 
Telecomm unications in fra .. tructure might .. eC1l1 a long way from more 
known coding hotspots .. uch as Li nux, peer-to-pcer networks or virusc\, 
as Stephen Graham and Simon Man in arguc. "infra~trucwre network<;. 
the sociotechnical proce..,sc~ that .. urround thcm. are .. trongly involved 
structur ing and delineating the experiences of urban cu lt ure and .. , 
'structu res of feeling' of modern urban life" (Graham and Marvin 2001. 10 
As an ethnog raphic study focused on softwarc in a specific place per Miller 
and Simer (2000, 21). this chaptcr ask,,: How do infrastructu res ab.t 
individuals meet in the context of ~oftware development? At the n\{~ 
ge neral level. I argue that an awareness of modification<; of an embodied self 
and its relatio n 10 other bodies comtiwtes an importan t facet of the meeting 
between code and infra • .tfucture, and thu .. o f software as a neighborhood of 

relations. 
The notion of local ity plays a vital rolc in linking technoscicntific 

knowlcdges. practice" and things. Yct locali ty becomcs ... lippery whcn the 
things and practices in a givcn location con ... tantly refer to clsewhere. or are 
indeed consti tutcd cxplic itly to resi .. t locali.lation (see Newman 1998). The 
con ti nual arrival of new programming techniqucs and languages, protocoh 

and processes of software dcvelopment suggest.. that the problem of codc"' 
relation to place per~i"'s. Protocols. virt ual machi nes and distribu ted sy<;te ll1~ 
arc imagined. somet imes explici t ly. a<; vector.., of deloca li7<l tion or 
decontextuali zation. In certain way ... software is made to be uprooted. 
Methodologically speal\ing, the only \ ... a) to meet thc challenge of self­
decontextualiling or "\ectoral" processe .. (Warl;. 200~, 316....45) such a" 
telecommunications is 10 reassess thc work donc by locality it<;elf. 

Within po<;tstructuralist anthropology, the notion of locality has been 
questioned. The anthropologi .. t Arjun Appadura i (1996) .. uggcst,>, "drawn 

\1 7 
"', tnfrastrUCllIres in soft ware 

"Traders . 
. . ek to document. most .elh no~raph.ic 

locali zation they se F' reco<lOizl1lg neither It'> 
\'-:,r'1 . . ' round not tgure. '" . 

taken locality .1S g . I r ~ Thi" produces .\11 
. have peflY of SOCia I e. ' " . 
r its ethOS as a pr,o . of inert ia on which locali t y.~.., 

no coll aboration with t.he.~enl~2). APpadu rai invoke ... . a baSIC 
f feding. centrally reltes ( d He "rgues, in eftect. thaI 

o figure and gfOun. ,~ h 1 
distinction between , d I :ulity as substrate rather I an, 31 

hie descri ptions have trealC DC <J a h that \ocaliLCS tcchlllcai 
~rap 'llC of social li fe. An ethllo

h
o

r 
PI Y ,,' "men ISle\ and things 

.~, . may'OWln- . 
'" d things for \1lstancc.' 1996 61 - ')) or It may 

, • 'S an ' . not her"' (Latour . - . . 
~!,;t::e properties and repl a~c one ~f 'c t a fragile procc~'" of networkI ng 
~~~ lain hoW "a per~on IS an e ~ut"; t also assumes, inauvertently. that 
Itelp t; . t~d elemenL'( (Law 199-L 3~), I eh"'lges art iculation work or 
.-ocl<i I,; . hlch suc 1 e" ,,, . . I" 

~o~~i~:~~ur~: 1~~::e~tp~:d:ra:)lc l:~~t~~;~st"~~l';;::;,~~~;:re:~II:;r~,~\~ 
Itt d then ethnographlcs , f d as dcracinated. that IS. 
IS 1!.ro~l:h~ "ground" of software IS alrea~y ~~~~~ 'Iod Negri 20(0). a'> 
beCaus oduct of " immatcrial labou.r ( < .h ;()(),,») or deccntralized 
as the pr t" onal object (Las - , d . 
vUtualilcd-commodified opera I , I "structure of fceling" that Appa ural 

trol (G alloway 20(4) . Where IS 1 1~1 . 
eon . ..,. rehlion to "Oflware. 
panles "lIlerua III ' 

Where are "these things they call systems"? 

. . 0 0 erational Support System (RAMOSS) 

T
h' Rural Acces~ Mul up\exlnc P . [ "re devclopment house 

t; R e'\rch a so tW" I 
WU\ devcloped at Forge ~<;. [' , . the Australian Techno ogy 

. . I licatlon so \wMC 11l ··t dy 
' p..!ciali7.ing I1l lelecom nlll S·t d al the lime ot roy s u 

S d RAMOS ex IS e , II f( of 
Park. in Redfern. Y ney. I. proJ'ect in process. a co ec I III 

b "()GO) 'IS a so tware d d plugs (f ebruary-Octo er - < • d t!. server~. car s an . 
. dc frao\llcnb. ga ge., . . f al and 

di .. paratc documenl\, cO • 0 O' ll ara and 1 ~at 11l on orm 
During six months spent at Forge, pennY

d 
I '\)~rs' work. areas and work 

. . d bservcd the eve 0 r..; - • ·~II ' . daily 
mformal meetIngs an 0 d te~t i ng \U1tC. as \\le a .. 

. . d· the ... crver room an· . 1\ -d 'r 
\latlons, work carnc In. RAMOSS werc o llen mu e (lVe· 

. I' 'I ere ".\cas about . It "are tnps to the nearby ca e \\ , . ., . manager.." ~o \~ . ·tl engIneer..,. pro.\d.:t d' 
1 conducted interVIews WI 1 be a picce of second-or er 

. RAMOSS was meant \0 . trol 
developers and tra11lee\. _ . designed to monI tOr. con 
. . ' 'II control ..,ystem ' I 'er 
mfrastructure. an operalion. . .. infn\tfucture scallerC( 0\ 

. . I lecommumcalion~ ,. 
and configure a dlgila te , I rc in North Sydncy. 
rural Australia from a bunker ..,o\llCW lC 
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The telcCOllullunicution " . RAMOSS occupied fS company contracting Foroe t 
a power ul but 'lmbiv 1 . . e 0 

strength of RAMO$S' f . . < • a enl posllion. On one h 

II

' S unctlOnalny II could bl' I and 
a customers in rural A t I'" pu LC '1 announce th· ' 

d

. . ' us ra La would hen' I' hi " 
, L !>erVLces at the c( I' Lgnal telecomLl1unicatio " ce ort lave direct 

comparable 10 those of city d" )~t 0 a local call and at · . ,Ita networks RAMOSS . 
eXL!>tmg analoo networks 10 b . . . Ln fact, Would · I '" e converted d1e' I' . . 
wit lOut any new cablino d' . tlpy Into dLgital 
te lephone cab les t h~t nL~ ~r~I~~o. Lflcation t~ the remole "'local 100 S" 
card to play in negoliat ions ,~::~ t~h dwell, ng'. That would be a p .. 
contracts and in the' c government over other 
t e rural market fo r t I .." r prlVatlzatLon. On the oth 
h 

ongomg wrangles ove . . . 

I

e ecomlllulllcatLons in A r. . er 
growt1. Rural popu lations are d I'" ustra L,L had lew pro!>pect 
· f ec IOlI1g and an f h . ' 
In rast ructure could be a bad b '.' '1 urt er Lnvestment in 
the rura l landscape seemed mt efL hcomme,relUl rollout of new cable 

F . h ' Lot e quesllOn. 
· . ult ermore. smce the mid-1990' 
mtras{ructu re itself Ids the legal status · . 1a enlered I' b mfrastructure. especial! II Lm 0, The lelecornrnunicat[' .... 
A r y "copper cable r . . v,. 

ustra Ia. dates from the mid-tw " unnll1g ,nto remote parr, 0/ 
communtcation. As the f d entH:th cen lUlY s state monopoly 
t I ' e eral gov r' on 
e ecommullLcation is d' e nmenl s monopoly I . ISmantled whll on 
um erwent mally different kindv ~f '. was once public infrastructure 
leasmg and licensing arranoeme . P~;~LI LOn1tlg and carving up throu"h 
who," technical Clew, 00 ntv. e relecommullicat io lls compa~)' 
inf . lice roamed the . . 

ravtructure. was IIOW more interested ill , .' cmlOtrYSlde maintai llin! 
outsourcL ng mai nlen'LllCe and . . calmg down Lts rural workforce 

I . concelltrallllg' . 
te ephone and broadband services I I '. on LIs newly profitable mobile 
called RAMOSS cou ld be 'I t ,n t lLS con text. Ihe piece of soft ware 

I 

' rump card or if th d 
usc ess, In the laller case ' II h .' e car s were dealt differen!l\' 

Id .. at' cno ,nccred I ' " 
cou become an cxpensive lechnolog"', I . eomp eXlly of RAMOSS itself 

By virtue f' b Ica 01 namen!. 
0. tis tinkered ex islence, RA ' . allllo~t lost 10 sLoh!. Durin 't d MOSS WdS to dwell somewhere 

· . f .. g L S evelopmcnt '! I Ln ItI rastruclures and other I I I' , L was a ready deeply cn!wineJ 
II ec 1110 OOlc'lI syste le technical worlds or tele ". ' .. . m'i not usually visible out!>ide 
Th 'f 200 communLcatlon and k' n I 4b). RAMOSS I d I' I nctwor ' engmeerin

o 
(see 

d' Ja ,tt e to vhow f '.' 0 
Ispcrsed and di~tribuled ac " or lIself; Lt was so thoroughly 

, . ross pLeces of n( . I I . 
C01l11llUlllcatLon hardware th' . .' )fIlM - ookmg compu ting and 
s I' < at sellLor engineer~ t F .. · evera million dollars n d d ,a orge ""'Ofried thaI the 

. ." ,. ee e to develo I ulIJustlfLed to the client. p t lC ~oftware wou ld seem 
RAMO . comp,ltlY, a large tcle' " SS Imllnly appeared 'r ~ comlllunlCatiOns corporation. 

as (lag rams on whiteboards and '", numerous 
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on tbe computer monitors of tbe Fmge develOpers. As a figure. it 
.ver take on a very palpable or distinct form apart from the 

n' 'd 'db 
. . densely patterned control vcreens des>gne to be v,ewe y 

, tecbnician
s
. Describing the individuals and thingv 

,nt.l"Tradcrs": Infrastructures in soflware 

'u around RAMOSS involvev traciog connections well beynnd 
~,011., .. " and beyond the relatively sparse tclecommunication nctworks of 

dO" -• trahan countrYSIde. to places that the developer> 01 the vystem had 

,..u~ 
or onlY rarely visited. such av the annual lavaO

ne 
conference in San 

""\c

o 

and the Object Management Group' Theve connections were 
~IY imagined in and around RAMOSS. Through imagining. understood 
... •• "re

noss 
of bodily ",nlSitions to statev nf greater or lesser activity 

Oa"n

v 

and Lloyd 1999. 77). the project matcrialized av an encounter 

bdYt'ccn individuals and infrastructure,' Sin" it ""mediated" (Bolter and Grusin 1999) "n existing infrastrUcture 
dla

t 

IS. it turns an analog telephone network into a digital Internet network). 
RAMOSS found its locality already organized alnng certain lines. Whcn 
....eu "What is RAMOSST Greg. a traince software engineer who worked 
"",vtly on parts of the system that displayed infmmatio

n 
to the technicians 

and operators using RAMOSS. replied: 

l"mm .,. I gUCS~ Ihc whole idca of;1 h fllanag,ing lhc~c thing' th<llihey c:11I ~y~tcm~. 
\\hlch:l.re Icleco111111unic<llloll~ hardware. And. U111111. there', 101, of diffcrclll

lh1n
g, 

, om, 'OW ,", .. So b",,,II,. "0'11 '" ,"op"" " toO o[ ,he 'o["n"",'oo "ho"' ,",~ 
",,,10' ." ""d "",'m, ""mp" 10 "",t """ ,"'" ""omol,,,II, ",h« ,""" o"diLL, 
u..cr ;ntcrVelll

ion
. Alld the \chent1 cnmp<lny ~cem~ III \\3111

1
hal more and more.' 

Thi, description iv very generic. It shoWS "detectable system awareness" 
tMarcus 1995). the itlea that within any specific locality. individuals arc 
euoscious of their connection to othcr localiti" (>c

e 
also chapter 7 on 

progr",nmer, "system awarcne,,"). The "whole idea" is couchcd in a vingle 
figure: "it" i, a ,ystem. System talk plays a vital role in connecting 
RAMOSS to other thingv. From the engineer's perspective. RAMOSS. itself 
a vystem. will ,nanage "these things lhey call syst

emv
." it will keep 

IIIformation about thcon. and it will attempt to deal with thcm automatically. 
In contemporary technical infrastructure talk, the figure of system loonlS 

large. Dozens of vystems on different scalc' ero"cut and intersect with 
RAMOSS. Here already. thc figure of system gives shape to what is 
,magined. The "ry figure of vystem entails an imagining of movcment. 
System thinking imagincs alignmcnt. integration anti connection between 
things that lack a 1110re sUb,,,ntial or tangible unity or evsence. The integrity 
of a ,ySlem has to be projected or imagined because it cannot readily be 
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seen. Saying that "the whole idea of it is managing these things the 
systems" suggesls thaI for the engineer. the problem revolves around )' 
establish coherence amongst things that don't spontaneously cohere 
lots of di fferent things"). The problem is connecting diverse th ings. 
compl ications that result from trying to make conncctions stick will 
discussed l a te r.~ There is also the issue o f what ·'the company seem\ 
want." A note of caution and uncertainty tinges the response. El iminaf 
" user intervention" sounds like dc-skilling of telecommunication teehnici: 
and workforce reduc tion. Is what the company wants what the software 

eng ineer wants? 

RAMOSS crosses boundaries 

Importantly, the different face ls o f RAMOSS have no common ground 
Making RAMOSS entai ls weaving con nect ions or establishing an ethos in 
which those facets come into contac \. Each brings up gaps. discontin uities. 
vexations. obstacles or boundaries. The practices of imagining carried in 
coding mediate these disconnectcd facets. The ideal of system as integrated 
whole. the problem of how 10 connect diverse things. and the compulsion to 
satisfy what ··the company wants" all filter through coding. Elements of the 
Forge local it y refer ebewhere or contain constituti ve gaps to which the 
developers a re sensiti ve. Imagining combines awareness of relation-. 
between bodies with a certain inadequacy or incomplctenes~ in knowledge, a 
sense of limitation. Imagining. in effect. con nects different bodies. mo~t 
powerfully through the medium of images. but abo through other forms and 
materials. including codes and protocols. At the same time. it leaves those 
connections in question or suspended: what is imagined may not happen. 

RAMOSS as a software system moves in a broader field of relations that 
Appadurai called "technoscapc."~ As part of Australia's national 
telecommunications infrastructure. RAMOSS negotiates geographical. 
economic. social. political. legal and technical boundaries on many scales 
(Graham and Marvin 2001. 8). boundaries that surfaced in the office suite of 
Forge Research, the software company contracted to develop RAMOSS at 
the Australian Technology Park (ATP). Some punctuated the regular 
te lephone conversations betv.ieen the team leader. Charlie. and the corporate 
cl ient; some figured daily on the whiteboards in the shape of code 
fragments. modeling diagrams and database design~; and some crowded into 
Ihe server-room racks of computing and telecommunication equipment. The 
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. f RAMOSS ' ow n production inde)(cd geograph ical, economic. 

fII)'I~~~dO cultural tens ions between "bush" and "c ity" between a v~st ?ut 
h\l\.:al ulated rural hinterland and the conccntrated te\ccon~mullLcatlon 

_ .... c1y pop f -t I c-,ti es Outside the convertcd early twentleth-ccntury 
,..-- Icture 0 coas a .' I jIlfrJ,tfl I motive workshops housing Forge. a large grassy vacant ot 
{Ii'WU) ~hO ycl

one 
wi re awai ted construc tion of a hotd by a Japanese 

to. oed wll c . d f d ri Ig 
.Il' B ry the engineerill'" director, mentwne one a tenlOo

n 
u I 

.1. doper. ar , e I I· Id lean 
1JIo\. .'" t that if the hotel was ever built on tlat 01. It wou n · 

01 illY VISI s f h· I one . a telecommunications "pit," a local sube)(chang.e rom w IC 1 
relocating I. fanned out into the technolo"y park. Since it managed the 

I,phone lOes • e. ass ddl d th' t ~ 't. h'lrdware in J·ust such plls. R AM . stra e .1 
I 'ommUll1Ca Ions < • • •• d ~i;'d' betwcen the gra"y lot and,the b~"y ~~rge off,c',sulte, a d,v, e that 

exes the torsion between "bush and :11)' III Austrah,\:. . .. . 
Ind . many other countries, the agncultural population tn Australia IS 

As In . . I-I - If th·ng 

I t 1 d 
to world trade and cOllllllo(ilty pnce uctuatlo

ns
. no I 

acutcy atule' . '., pd' .. to digital networks in the late 1990s pr01ntsed l11stdnt u .lIes on 
e\"e. access .. . . JI I' 
h' latest drop in grain. meat and wool pnces. Less pes.sllntSllca. ~. tll.::y 
~:uld make country li fe more viable economically and soc.wJly. "WI~1I1g the 
lm~h." rolling out digital services to the rural pop~lal1on. :?llstltutes. a 
per~istently unfulfilled promise ~f ~ece.nt Australian POittICS. ~ \, ~It~ 
a\\kwardly with the ongoing pnVallLaIlOn of the te lec?Ill!~u1l1ca~lon 
universal service provider. Tc\stra Corporation. The all.110st da~ly dl.scusslOns 
of these issues in Australian ma ... :-. media at the time figured ittlic In day-t.o­
day work around RAMOSS. Howev~r. a mediated vcrs ion of t~le, country/~lty 
di\'ide surfaced in a pervasive anxiety among the Forge nhlnagement and 
RAMOSS project Ieader<, that the contract fo r RAMOSS could be canceled 

prematurely. . RAMOSS feed ... intO the enorlllOUS and large-scale percol~t~ on of 

communications across the so-called digital divide by prOlnlslng to 
reconfigure an aging but valuable analog telephone service into a centrally 
monitored and mal~agcd digital network. For the software developers at 
Forge. the technical problem of hoW to manage t.hh Illove .between ana.log 
and di gital looms larges\. Much of their i11lagi1l1ng. plan1l1ng and an)(le~y 
focuses on thai unspecified zone where RAMOSS encounters PO~S (Plalll 
Old Telephone Service). RAMOSS follow~ (~ppr~aches pursued ,Ill South 
Africa, India and other places where eXI<:ll1lg 1I1frastructure cannol be 
profttably re-cabled. It capitalize.., on existing analog. tel~ph,~ne 
infrastructure by retrofitting it digitally. The techniquc of ··nlUltl~lexlllg or 
switching between different ... ignals rapidly o~ t~e same hne all{)\~s 
RAM OSS 10 apP<lrently channel many COllllllU1l1Cal1ons down cables tlMt 
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~sed t? acc_ept onl~ ~ne ~ommunicat ion at a time: Mul.tiplexing increases lhe 
eapacl1y of the eX ist ing Infrastructure-at the price 01 new complication ' -

k f
. . SIQ 

net war can IguratlOn and Illanagement. 

How are boundaries crossed? 

RAMOSS' locality was organized by two related di\ision,,: between city and 
coun try. and bet,ween digital and analog networks. Ju~t as Java faced the 
problem of moving execu table code between differen t part" of the Imernct 
RAMOSS faced the problem of mov ing digital informat ion betwee' 
different network infra"truetures, the Internet and POTS. How doe: 
RAMOSS negotiate them? How docs code move acros'> technical. 
g~ogra.phi~a1. I,?l it ical and legallproperty boundaries? Like the strategies of 
vlrtuallLa.tlOn dH;~u s:ed in the previous chapler, RAMOSS ~ecks to bridge a 
geograph ically dlsmbuled divide (in this case, the analog/digital divide) bv 
d ist ributing compu tational hardware throughout existing (rural telephon~) 
networks. If RAMOSS goes ahead, nev,- remote unit card,> (RU cards) wi ll be 
installed in thousands of roadside pits. junction boxes and fural exchanges. 
These cards perform the one-to-many work of multiplexing. 

However. as mentioned, multiplexing bring~ management overhead~. 
~he ~quiprnent that Illultiplexes multiple conversations along one telephone 
lme l1self en taib di stributing computational procc~ses to many nodes in the 
telephone infrastructure. Because each multiplexing RU card carries an 
onboard computer, a management problem implicit in Greg's earlier 
d~scriptiOl~ arises: if RAMOSS will "manage these things ca lled ~ystems: ' it 
wlil need, 111 fact. to manage thousand~ of them. How can RAMOSS man3ge 
potentially tens of thousands of remote computer~. each of them with an 
operating system, all of them emitting alarm~ and making request'> for data ') 
Each connection thai runs through one of these card,> to a local telephone 
loop will need to be indiv idually configured. and each card will need regular 
monitoring and occasional software updates. The scale of the configuration 
work is staggering. given the difficultie'> ",>,>ociated wi th reliably configuring 
even a ~i ngle computer. 

Designing software to handle ~uch it ~i l uation has potentially many dark. 
unspecified p itfalls. Forge Research is a cautious software producer: for 
RAMOSS. designers made u~e of heavily instrumented, closely monitored 
and procedurally sophisticated software design and production proces~es. 
based on a mixture of telecommunication "ystem models and approaches to 
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engineering. Paul. the managing director of Forge. sketched the 
hlems in terms that dre\\ on population metaphor,>: 

pro 
Object-oriented ~oftware i~ no dirrerent tll haling large POpUI'ltion~ of imliliduah. 
WhefC you hale .. tl"l\ indil'iuuah irHeroper,L\ing wilh e'-ldl olher. you can he 

~jSl)1lably nmllde!1\ Ihal you can \..cep a handle on Ilhal', happening. A., ,oon '-I' 

)011 gel ten, 01 IhOl"amJ, and million' of ohJect, intcropemling with cKh Olher. it\ 
irnpo\~iblc \() predicl all thc tomhinalion' of ".,hilt ma) occur .. ,. So whcn yOU'Tl' in 
RAMOSS'~ casc. ami you haw ;l larg~ numhcr 01 ellu-u\ef"'. ~ming on the ~y'lem. 
I'OU h<lV<' ,I large populaliorl oj canl,_ )()u nw) hale \trange cornbinalion~ of 
~in:urn"lancc~ thaI IIC JU q nel er l"IHltempl aleu, (P'IUl. i ntCT\ iCII II i Ih author) 

population i~ more than an apt metaphor: the )'oftware that is RAMOSS 
\\lluld be located within a comnlllnication~ infra"truclUre ~pra\Vling. however 
~p3rsely. across a continent. and potentially accommodating a national 
population of "interoperating" individuals. Flow~ of digital data depend on 
linked paths running between the edges of the network and points within it. 
To make tho<;e paths available. RAMOSS must maintain a fairly cohl!rent 
grasp ("a handle") and repre'>elllation of tens of thollsand), of configurable 
computers: otherv .. 'islC' the network \ ... ill begin to unral'cl. How can RAMOSS 
-and Forge-get a handle on "L1ch a diffuse extended locality'! 

Software between-places 

Forge has made distributed computer )')"lel11'> beforlC'. Di~cussiom about 
RAM OSS problell1~ in the meeting room often mentioned an earlier ,>ystem. 
A~TOSS, built b) Forge ),eve ral years prior. The experience of bu ilding 
ANTOSS. an operational <;upport sy~tem for a different telecommunications 
net work, changed Forge itself <1)' locality. Forge became a kind of "between­
place" where diver'>e telecomlllunicati\e realitie<; encountered each other. a 
place that facilitated imagining movement acros" boundaries. 

One of my early vi~its to Forge began with a tour through the office 
\ui te and the Technology Park facilities. After the cafe. which was visited 
daily by the developers. the real tour hegan-with a trip to the "erver room. 
Server rooms are usually the lea ... t visited. 1l10~t inhospitable and restricted 
LOnes in organizations. in part becau ... e the air conditioning make ... it too cold 
for most people. But in Forge's glass-fronted ,>eryer rOOll), the back and side 
\val1s directly indexed the separation between the two networb. the Internet 
and POTS. On the back wall 10 the we~1. many computers ~tood in racb. 
~ume generic PCs. other~ unfamiliar. more expen~ive-looking ll1achine~-
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induding a resplendent purple Sun Entcrpri"c Serv~r. A high-capac 
'd'd 'I) cOlllmercla1 conputcr e,lgne to fun Java software. il would later sit in tilt 

control bun":," ~nd ho,,\ ~OIllC core componenh of RAMOSS. Barry pOinted 
out severn! Lmu"< computer" along the we..,\ wall a ... \\cll. They \'>'cre inlende 
10 scm 'os ":a~llilc box,,", in network lerms. Ihal means Ihey would ~ 
.. llua.ted outS ide t.he corp?ratc flrC\\.:a11 thai prc\cntcd unwanted networ\.: 
traffIC from en~f1ng the lIlfras(ruCmfC management "'Y..,\CI11", Finally. near 
the back wall ,Iood a rack to hold RU card ... , the han.lwarc that Would 
e\cntlL~\l1y go irto the f~r-flung pits of the rural1clephonc networks. Ranged 
alongSide each olher 111 close proximity. the..,c different computational 
elements-the tnterpri~e server. the Linux computers. the RU c:.Irds-would 
have to COIl11funicate more :.1[1(.1 more exten~ive1y \\ ith each other ,1\ 
RAMOSS devdopcd. 

On a side .vall to the north. the hardv .. are looked very diffe rent. Here 

dozens of plu~s. jacks. cahles. telephone handsel'> and ~mal1 bo'(e~ were 
lined up. From sockets on this wall fanned out a dozen "primary rate" ISOS 
( integrated .. tf\ice~ digital network) connection~ into the national 
telecommunic,tion'> infrastructure. a~ ,,,,dl as many standard telephone 
connections. Tle wall afforded a level of acce .. ~ to the nalional infra,>tructure 
that the Forge engineer'> felt quite privileged to have. Forge regarded that 
degree of aCless-the team leader ,>aid one day (on the telephone. of 
course ). "We 1re the highe'>t primary rate users in the country"'-as cruc ial 
to RAMOSS and to the con~titution of a locality \\here thin2'> moW, 
differently. S(jlletime.., crossing IJrc\iously impenioll'> boundari~'>. In the 
sener room, Forge IUrned iheJf into a minialll re ver'>ion of the national 

telephone infn<;tructllre. or at least of ..,ome ~alient faceh of it. 
The Interlet and POTS <;toml apart from each mht:r within this dense!) 

equipped and compu tat ionally pallerned place. ju.,t a., they did nationally. In 
order to opcnup new mO\ement., within that infra..,tructure. and to afford the 
geographical/echnical boundary cro,>.,ing which the RAMOSS project 
imagines for rural Australia. the ~eparate elements would ha\'e to be 
interl aced witl each other. The enterprise server must li.,ten and talk 10 the 
RU card~. pa...,ing through the Linux boxe .. and the ISDN connections. A 
telephone ha.dset adjacent to the north waH mu<;t be able to call a nearby 
telephone ha~d.,et "ia the RU cards lining the we."t wall. card.., themselves 
administered through ISDN connections running out of Linu.x compliterS­
computers mtworked with the enterpri.,e .,er"er. These walls, in ,>hort. must 
move closer or be folded into each other. gradually interlaced through a 
lightweight !lbric of code and protocob. Only then. if that interlacing held 
in this espe;ially pliable place of den<;e connectivity. would RAMOSS 
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. Ie to another place of den ... e connectivity. the control bunker in 
[1111!ra k ' Olctropaliwn Sydney. or perhaps later. Forge hoped. to networ's ITl ,>otne 

lther country. ...... . . ( The constitution 01 localtty 111 soli ware ,., pecultar. Forge as a 10C,{ltty 
, a "between-place" with respect to the national telephone 

OCcupies .. . . ' ..' 
'nfrasuucture. The "bel\veen-place I" made \H~h a vle\~ to cros., lng 
~)undaries and divides: it is neither.i~ .... ide.nor oUhlde. Ib pmnts m~d ~eveb 

I
. ees'" to thaI infra.,u·uclure pcnll1t It 10 Interconnecl new paths \v1\h111 the 

o ac f infrastructure. II can elaborate new route~. new 10o.PS and new detour~ rom. 
one part of the infrastructure to another. ~ t can Introduce [~C\\ mode., 01 
movement through the infra..,tructure. for tll'>tance. hy mov111g chunks of 

'rational code from the enterprise .,erver acro ... s the ISDN networks 
~:r=oUgh the satel1ite boxe.., into the RU cards. II is located within a gap, an 

nrealized potential of a telephone infra,>truClUre wi th respect 10 the Internet. , . 
While it sounds straightforward. the interlacing of the twO wal ls ollhe ser\"\.~r 
room is anything but. The \ .. orh done at Forg.e over several years entaiJcd 
painstaking attention 10 the minute attr ibutes of the elemen~<; I~sely .,~acked 
in the server room. The work of .,oftware and telecommu111cal10n eng' neer~. 
web developers. project manager., . ..,ystem admini<;trators and techn ician,> 
brought those walh into contact by coding a ti s.,ue of partially imagined and 

partial ly materialized connection..,. 

Mobilizations: Process in software 

The server room i., not the only ground on which Forge imagines RAMOSS. 
In principle. Forgc .,oftwarc developer., and telecommunication,> engineers 
wanted to read and write code thaI wou ld permit controlled. predictable and 
~caleable movement between the walh of the .,ervcr room. Thei r many 
drawings. diagram~. model..,. and di..,CllS,>ions of code. object'>. cla,>ses. 
methods. variables. "conng files" and so on ,>ought to mar.,hal thm.e 
movement'> along certain \inc .... Latour (1996) argue." "The engineer 
substitute'> for the ,>igns he writes the things that he ha.., mobilized: he 
aHache'> them to each ..,0 they'll hold up: then he withdraw,> a \inle. 
delegating to another ~clf. in the for111 of a chip. a .,ensor. or an aUlOlllatic 
device. the ta.,k of watching ()\'er tht: connection. And thi., delegating. allows 
him to withdraw e\en further-a ... if there were an object" (81). In this ca,>e. 
however. the 1110bili7ed '"thing,>" move in different ways or in different 

dimension'>. depending on what kind of llnagining they flow fronl. Two 
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major lraj~clorie~ are important fir..,t. idea ... of vv'{1rk lroceS'> lou 
ttem.-botld;ng. and ,"cond. colleet;,e ;n"lg;n;ngs 01 movement~·iarg, I 

orge tn thcfotm of topical code COlhlrueh. system models .' o~ tn~ com~mnJ"'ItOI~ p~?tocols: Thcy pattern the dcs;gn of RAMOS~1atlorms, ant! 
. PIOCC"'''' talk con"tllutcd a stron("y valo '. d' . .. 

projecting RAMOSS "f' e flze w<ly of lmaglllll1g 
Earl . as, It were already a system s;tt;n" ;n the serm '" 

• y tn my study. Barry. the eng;neer;ng d;I'cctor alTa;,ed' . mOm. 
mcetlllg room. On an electronic whiteboard (~hosc - , .I. se~SI{m II1 lhe 
"mends couldn"t be <;ilenced even by th . . "pt.:r'>I<,\Cnt beeping I . . e engIneering director hims If d 
an 0 }'>t1natc onboard computer) he d d"' e • lie to 
infrastrucllIrc to help explain wh'a! RA~~S~'lg,rams of telcco111m~ni~ation 
RAMOSS <l'i a system \Va,> involve \\.Quld.do. The deSCription of 

scalcability anti configurability menti~n:l~tI b;r~~ha"r7e~ ,the L~nknowns of 
Next. logging onto a nearb) com uter anti s .' e r~lanaglllg ~Irt!ctor. Paul. 
from the ceiling. Barry began ,P k" d f tatt1Jlg a data projector hanging 
p . ,. TI' . a In 0 protracted lecture about "F 

f;:~~~;rts '~I~:~:r,:~'~s ';r~:~~e::~O~:~~dt~,~ :~:"e~;~~':~t~: >o,,;on resem~;;~ 
the phases and steps in s )ecif in d' . . e mouse, revealll1g 
testing the "ystel" l'h· 1 Y g. eSlgnmg, modeling, implementing anti 

.. . e process was "cull d " , , . 
the rational unified process (RUP) c. OUL •• 1S Barry IH::ntroned, from 
methodology that seeks to _" I "I n~ld-1990s software design 
books, and courses "or d ~ro~ I( e comprehensIve methods, software lool~, 

.. I' eSlonln° 'lnd d~ I' . (IBM 2004b) M . b' e eo', t:ve oping obJcct-oricllIed software 
. oVlllg ad. and torth betwe I > • 

keyboard. he deta;led how RAMOSS had en t ,e projector screen and 
would soon enler other..,. moved through variou.., phases and 

Why deliver a description of For e ,. . observer" We c uld ' d' g process to a non-engllleer, an 
" .. " . 0 rt:gar thIS talk about "Forge I'm;",· .' 

par.rsll1c qualrty mal,ooeln t" d'. pes.., as P,lIt of a . e en Iscourse '\ Syl t fF' . 
Illlcrovision of modernity L t (1"96·' < . IIp 0111 0 orge s localIzed . a our "J ) sugge..,ts a different view' 

Penple ",ho ~llId)' le<.:hnolngical pro-e<.:l'" 'I.' .. . doclrine, dealin" .... ith lh' _ I . t ~ . I:J C \()() IUlk 111l<'re ... 1 111 lhe ufficial 
e cae U.1 n1aIHlg<'lllenl of Ih' P . , Th appc:Jr~ p~ra,ilical Ycl il t,t h' ,c TOJCC ~- '" I11cl:Jlanguagc 

. . ,Iy~ \ e \<lI11C c"enll'll m\' It I' , , 
III the l'ondud of' t h . • c:J' r.[tqpc doctrinc' pt,)· 

\\,11"'> n t e rour,<, of a balll ' - -
h:Jndk b<llltc, or innm:Jtioll )1 ,. ,_ ' e or ,[ proJecl. Idea ... :Jboulthc way 10 

'I a} ,I p..-:rlorl11all\C role W or' . ..-
aho mcan' .... riting the hhtor) ,I " b- .... n Ing a project \ 1\I\tory I IC:J1ll Icnl lhenrie, . ,,, I . ,11;1) . .[lJ\.lU proJcct managcmcnt. 

"Forge prace..,s'· was heavily inf d . h" . manaoement Late I' use \\ It ambient theone.., of project 
e . r.slowmgmeabooJ.,,·b I ,. (CMM) (Dymond 1995) B" .' " out t" capabtltty n,.u,,;ty model 

. ,ury ..,dld that Forge \Va.., not ..,eeking full CMM 
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~red;,"don because that was only su;table for lacge organ;zat;ons hke 

;~~\. but that were try;ng to conform to the model at a h;gh levet. 
The soCial organization of engineering work a.., a project has been 

descr;be
d 

;n soc;olog;cal stud;es as "a pmm;nenl way ;n wh;eh cng;neer;ng 
.ork ;s soc;al1y organ;sed so as to confmnt Ihe sorts of eont;ngenc;es thai 
lace software eng;neer;ng .. ' such as the threatened eurta;lment because of. 

I"r c"mple, dntst;c shppage. or sUch as the press
ores 

to ohandon good 
rOlet;ce" (B~tton and Sharrock 1996. 372). The. Forge procm. w;th ;ts 
, omphcated ,ttnerary 01 stages and ph",es. certomly attempted to ,oontet· 
Ih<,e k;nds of ex;gen6". But the fact thot the eng;neer;ng d;reetor wanted 
If! convince an outside observer of the imporlance of proces.., pose~ a 
d;ffer

ent 
quest;on. It ;s as ;f the for mol proce" of develop;ng RAMOSS 

n" oot smneth;ng more thon a pract;eal s06al organ;zat;on of work. Am;d 
the complications of the Forge design methodology. and all the different 
k;nds of d;ag

r
","" syntax. software tools and how-to texts that c10stered 

around it. ;t seemed RAMOSS could only be concretely repre~ented ;t in 
terms of this process, The phases. steps and stage.., for implementing 
RAMOSS were an important way in which people at Forge projected what 
RAMOSS would be. Reinforcing this point. Barry mentioned more than 
once that the flrsl ta..,k for lrainee software engineers. '"the young lads'" 
recruited from nearby univer..,itie~. wa.., "to spend a month on proce..,o,;:· 
People working on RAMOSS were carefully inducted into Forge process. 
:-':ew software developers. eager 10 begin cutting code when they arrived. 
instead started by learning about Forge process. and as Ihey look on the 
modeling skills and practiced documentation. they became part of lhat 

process. The "collaborati\'e craflwork'" (Such man and Trigg 1992. 113) of 
producing the documcnls. specifications. architectures and class diagrams 
required by Forge proce..,s did not mOve RAMOSS effortlessly or evenly. 
Process showed uneven traction among members of the team who possessed 
different levels of experience and different levels of willingne~s to adhere to 
process, Barry'''' asides aboul the "young lads" highlight how the software 
developers needed coaching to move things like teXIS. diagrams and code in 
the right ways. At base. Forge process meant reading and writing many 
documents. some of them in carefully formatted and numbered tex\, o,;ome 
diagrammatic, SOllle including code and ..,ome not. Often large. these 
documents took shape laboriou..,ly. During a meeting. the tealll leader might 
ask someone to sketch on the whileboard how a particular problem could be 
approached. Typically. Ihe whiteboard diagram would then be modified in 
the light of ..,ugge..,tions. que"tiOns. objections and sometime" long-running 
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struggles over expertise and architectural sl 1 ~ , 
take some parts of th d' ' Y t:. Later. a developer . e lagram- the outcome of . I .. would 
around the meeting table about \0 i .. I' . sever~ hours (hscussi 
o.her objects-alld transla.e i. u;;" ~c 1", wh,ch obJec" would mall''''' 
" 'pports object-orien.ed modehll' ng 0 atoollal Rose. a software '001 .t 
White 1994: Quatrani 1998: I B~ u~;;6'4 d,agrams (Boggs alld Boggs I~ 
complex negotiations over how It b). Nearly all traces of the fair]' 
point would disappear. replaced '~ sy"em should work on a "ry specin) 
arrows and l abel~ y .1 formal ab<,traci diagnun of b C ". axe, 

The proliferation of formalisms produced' .. ' 
T.hc doc~mcntalion tree For RAMOSS was v . large docurn:t1~~lIion trees," 
hierarchically organiLed man . ast. Thousands at ftles had bee 
such as Javadoc a 'pro y genchrated automatically by software tOOl

n 

d 
.' gram I at extracts HTM ' 

ocumentation directly from , L-formatted code comments programm h 
source code. People refined a d r ers ave put in the Java 

k 
n tran~lormed doeu . 

mar ers. foolsc'lp pads d'" ment~ lI ~IIlO whiteboa d , . lagr,lm edllors te I d' e , r 
exchanged vers ion infor,na"·o d' . x e ltors and databases. They 

< n an lIpS on h . ~ools applied to the documents Call ; h ow to malllpu late the software 
111 W h . S lor elp rano ou t· ··U· fl 

arm. were are the tools"" ("U . e' sIng owcharter 
Microsoft Word how d . '. SIng the flow-charting extensions to 

S . oes one dIsplay a 1001barT) 
orne documenb possessed a ke ,'," . 

statement of requirement'. (SOR) Yd slgmflcance 111 Forge process. The 
. . .~ ocument ~ . 
IntensIve reading and writinO' at lea. r. ,or Instance, underwent 
lar SOR e" S 10UI people wo,·ked . ge document for RAMOSS over' . . on vers Ions of the 
templated structure of this d . .I, penod tor months. The highly , ocument was laId do . d 
components of the docume, ' ' . wn 111 a vance. and various 
d 1 were ... tored In d b 
acument was dynamically ge, e d h ~ ata ase from which the 

ff
' ., 1 rate w enever It n ' d d . 

an 0 Ictal verSIon, Ind d' . ee e to be circulated in 
unedilable so that 110 ee.' Phno,r to Circulation. the SOR was made 
, unaut onzed or ... I 
Introduced by differelH read' ,lccl(ental changes could be 
st f er-wnters Frequently d I 
',a1US 0 documents, querying whether' the co '. eve oper<, debated the 
kmds of formali<,ll1s-legal d I' Y uld stIli be changed. Different 
.h I . rno e 109 syntactic d' . ese (ocuments. Forg .'. ,tagrammatlc-applied 10 
"C' e process menlloned' f omputatlonal modeling'" some 0 them explicitly. 
f' • an Important pha'ie i' ' TOm twm telecommunications . d n system deSign. derives 
model for open distrib~ted In u~t? standard'i: RMODP. the reference 
• I . . processmg (ISO/ITU T 1998 
e ecommullIcations infrastr . - ) and TINA. 
Drawing more directly . u~t~; net~orklng architecture (TINA 1999). 
m~deling language (UMt)n ouided ~~:tlona1 u~ified process). the unified 
object-oriented software mod I f I productIOn of "cias<, diagrams," the 

e s a ow-level components of RAMOSS, and 
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.",w
oence 

diagram"" diagcams ,how;ng the planned oeder of events mean. 

...rcur when the system ran. 
10 ,,.. While the developers gradually wrote and rewrote RAMOSS as a 

rogralll. a somewhat sta.ic de"rip.ion of a projec.ed .hing in .he wnrld .• he 
r ",gran' ultim

a
•
e1

y becomes a ,ystem only by becoming a proms or 
r """se

s
. We could say .ha •• he RAMOSS software pre';pi.ated "' a side 

:ffe" of process. In his orienta. ion presenta.ion '0 Penny O'Hara and me. 
Barry ,poke of systems and procc" together. The,e abstract terms arc 
dl!cply intcgntted. Systems exi~t as and consi'>t of proces<,es: a system 
unfurlS temporally as pH"e". Yet the ultima.e event. when a program fully 
tran",ubstantiates into a sy<,tem, may not arrive for a long time-may not 
O'er arrive. The contract for full developmen' of RAMOSS might no' be 
,ig

ned
. In .he mean.ime. RAMOSS as a system hovers be.ween some.hing 

loosely called "Forge process" (a set of representations and ways of working 
wilh representations) and the more fragmented processes that run on variolls 
dcvclopers' \ .... orkstations and on the Sun enterprise ... erver when components 

of the system arc coded up and tested. 
Forge proces<, regulate'i the production of a ... et of specific written 

projections thai visualiLe \\hal the 'iystem will be. RAMOSS as a system 
increasingly embodies processe ... that. in terms of the topography of the 
server room, put thc walls in touch with cach other. But in the mcantimc. the 
between-place of Forge. ,>y<,tem_a'i_projcction and system-as-proc

ess 
circle 

around each other. interacting and exchanging atlributes. Even afler release. 
when the system runs in the control bunker and lives amid the networks, a 
fmal .md full coincidence between projection and process would be an ideal 
whose realization h ever-defcrred. It exiSI'i somewhere between the 
relatively visible projcction'i and descriptions embodied in documents and 
jostling technical fragments-'ioftware tool'i. implementations of different 
communication protocols. network cards, virtual machine implementations. 
and executablc/readable code on developers' computer~. ProcesS seeks 10 
compact those fragment'i togcther and increa~ingly restrict their movements 
-to establish a static central ... ubject pO'iition. The tealll, \0 the extent that it 
collectively embodies the effects of the imperatives issuing from proces~, is 

meant to identify with, if not occupy, that po'iition. 

RAMOSS imagined remotely 

Forge and the RAMOSS project con<,titutc (I fold or wrinkle on the 
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'" 
Australian t~lecorn m.unication technosca~e: Ihey tentatively remap, via a 
distribu.ted IIlforrnatlOn network. ccrtnm paths ano neighborhoods 
AustralIa's telecommunication infrastructure. connecting them more d i rcct~ 
to I~C I ntcrnc~. ,Forge Resea~ch: ~ kind of between-place that en fold~ 
portIOns ~r the mlrastructure w lth1l1 liS server room. brings two surfaces, One 
computatlOnaL.lhe ot her telephonic. into intcrrnincill. flid,cring cOnlae\. 
~AMOSS. as It was developed. began \0 emil signab acros~ boundarieS" 
~lty/country. analog/digitaL public/corporate. It reconfigures an ex isting 
'nfrastructu~e: the copper wire rural telephone networks. AI the same time, a 
genre of.wn.llng called "the systcm:' projected in a complex formal prOCess 
and mmntmlled by. many in~ormal maneu.vers. focu'ie" on generating 
document ... and movmg fonnahsm<; across different supports: whiteboard 
pad. screen, database and code repository. Between these two facet<;-~ 
be.tween-place full of potential connections and process. anti a system_ 
on~nte~ ~ay of working-re lations are both made and unmade by pract ices 
of Imagllllng. 

The importance of imagining in thi" con text appear~ in anot her element 
of the infrastructure at Forge. On the walk back from the cafe where the 
dcvelopers go each afternoon. we often pa.<."ed the large. humm ing bu lk of 
what a large sign labelled as "Australia's first commercial fuel cell." This 
impre~sive technica l installation. emblaLOned wi th a corporate 
advertisement of Austnllia's dcsires to be at the cutti ng-edge of alternat ive 
cnergy innovat ion and spou ting a plume of steam. su pplied some of the 
electricity for Forge\ own computers. The engineers often joked about the 
fuel cell causing problems at Forge Research: computer monitors fa iled 
unpredictably because thc fuel cell introduced "harmonics" on the 
Technology Park's power grid. In fact. a legal wnlngle developed around the 
fuel cell at the time of RAMOSS'~ development. and a compen~ation claim 
against thc fuel cctrs owners was in the offing. Imnical ly. the makers of 
RAMOSS. a remote operational managemen t system. were unab le to change 
the running. of t~e fuel cell because it was managed by a comput~r 
somewhere 111 OhIO. Remote management-the function of RAMOSS­
dis~orts locality in interesting ways. Even something as elementary as the 
mall1 power ~upply at Forge can refer elsewhere. to a set of rhyt hms and 
pattl!rn~ emanating from the control center in Ohio. 

Just as the strange harmonics introduced by the fuel cellon the local 
electricity grid made computer monitors at Forge hum slightly off-key. 
outside resonance~ inflected and modulated the network of relations between 
people and thing~ working on RAMOSS at Forge. The:-.e resonances induced 
imagining~. wherc imagining is under:-.tood as an awareness of "our 0\,.11 
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ies together with those of other~"' (Gatem and Lloyd 1999. 27). An 
txJd rtant dimension of the encounter between individuals and infrastucture 
IOl~\"ealed th rough the collective imag.ining that cro~.,hatches RAMOSS. 

~h~~ encounter j<, energi7ed by many difl~rent ideas of whal a system might 
hoW it might come together. and how it could be constructed. 

do. With mas<, media and migration in mind. Arjun Appadurai (1996) wrote 

thilt'wdinary people have begun to deplo~ t.hei~ imaginations in the pra.ct.ice 
f their everyday lives. Thi., fact is exemplified 111 the mutual contextuallLlng :1 111otion and mediation" (5). Quotidian imagining materiali7ed prosaically 

in Ihe developers' suite. Modular work.,wlions faced the wall:-.. and mugs. 
~lUffed toys. books. baseball caps. assorted pamphlets and books litte red the 
hook <, helves above each workstation. These artifacts flagged the imag ining 
of other relations running through RAMOSS. Books with tilles like }(/\'(I 

Enterprise ill (I NII/.lllelf (Flanagan 1999) came from the crowded com puter 
~ections of bookshop.,. Online. developers regularly visited favori te web~ites 
includi ng Slashdot. '"News for Nerd.," (hup:IJwww.~lashdot.org). JavaWorld 
rhttp://www.javaworld.com) and various documen tation sites (above alL Sun 
Microsystems 1005b). Just like the "gillll11e" souvenir mugs. toys. pens and 
caps, wh ich constitute seductive minor mediations of the products they 
promote (ORACLE database .... Orbix100Q, the JavaOne annual conference). 
the wcbsi te~ and books constantly con.,ulted by the developers atte.,t to 
somcthing important about the fabric of RAMOSS a., system. RAMOSS 
includes or cites many other !>ystems. conventions and artifacts. The 
development of RAMOSS cited and cross-referenced code. design patterns. 
~oftware libraries. software components. protocols. virtual machines and 
reference models. Almost nothing in RAMOSS started from scratch. 

Forge process envisaged a dear road running pa!>t milestones of models. 
documents and text. provisionally ending in a program-the binary code­
delivered to an ultimate desti nation. a machine-centered control room. Yet as 
the RAMOSS team ad\anced through the process. folding together the 
telephonic and compu tational surface!> of the "erver- room walls. their 
collecti ve work introduced many switchback turn" and layers of 
'"indi rection:' These layers make the system seem very difficult to 
understand. even unnecessarily complicated. For in.,tance. Greg was often 
working on implementing the screens that technicians in the bunker would 
see. These screens. the llser interface of RAMOSS. v,:ere conceived as 
webpages viewed through Internet Explorer. When I asked why he used 
XM L instead of the more usual I-ITML. Greg said ... It will have more loops. 
but be more flexible:' At that time. XML (extensible markup language) had 
been attracting a 101 of attention as a potential succes.,or to I-ITML. Covers of 
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com puter magazines and periodical< d ' 

of 
< 'f' ." o/cns of webslt<· d 
"pe" Jeallon and how-to art ieh' " "', an a large 

them locuscd on th "d' f ~. had heavily promoted XM L 
, .. e I ea 0 flexible onscrce I ' ' 
appllcatH)Jls could di'iplay th ,n ayoul: different 

S 

' e same XML cod . 
. tandard HTML by t • ." C In completely diffc 
W' ,con r<lst, 'peellle, lay t rent 

anl1ng to keep the link b . .' 0.1I on a screen once and f 
flexible. RAMOSS d I etween what" d"played and how it is Or 

eve opers we re using XML I 
out onscrcen differently w'th h' ... 0 llal data could be 

Thus developers inser:be°~~t~r~~Fmg any underlying code, . 
less from technical oper' (I boundaries III the system that 

f j
'l . a JOlla or gcogral)hicai bl 

o exibility and configlLr'lb'l" ,. pro ems than from a 'i,i 
h' ' I Ily attached 10 im d " 

arc ttecturcs. These imponed model . ". porte prolocoh. modch 
arc subject 10 fashion are e Ids, Me l1tecllIre:. and protocols . b ,va uate as "cool" or " I ' 
c "een as bearer:. of co I uncoo ," and can 

f

. n emporary collect'" .. 
con Igurablc and il t .. I\e IInagllllllg

s 
of . ,,_ I ercommul1leatmg code ' I 

process-t rom the :.t'lIld'lrd' e' proct!~~es from oulsid· W " , , ommllteeS of b d' • 
eb Consortium (W3C 200 ') f 0 I.e" such as the World \V'de 

d f . . -t, rom the Ob M I e Il1IlIon of the common ob' , Ject anagement Grou • 
rrom Sun Mic rosystems' lal~e~,~ dred~~cst broker architecture (OMG 2004)P« 
TI . "a ItlOn to Jav'l (S M' lese Imported protoc I' d' < un Icro~ys tcms 2001b 

. . 0 s an standards 'lr ' . ' 
peno(\Jcal articles and th" k ' , nve via electronic journal ~md 
Add' IC computer book bl' Ison-Wesley, In addifo . ~ pu I"hed by O'Rei lly or 

. I n. Imported sUlIld'mJs I 
out Via software modules used as f b'.' , anc protocols flow in and 

B " pre a ncated can ' y virtue of imagining ind" lponents ot the system, 
conf"igurability, nothing about RAI~~~~l~nd detour in the name of 
(1999) figure the interwoven textu I: st,mds alone. Bowker and Star 
"i" re 0 con tempo ' 'j' nner space: "In the I}ast 100' . r,lry III rastrllctures as an 
co ' years, people In all r I' nstructed an incredible' I . Ines 0 work have joinll\' 

I

, . . Illter ockillo sct of' ' means or Interoper'lIing nf' ~ , categones, standards and 

h 

,I rastructural techn I " ' we ave bu ilt. No onc is . _ . 0 ogles. We hardly know what 

II 

. In control 01 Itlfra"truct . 
centra y 10 change it I f" ure. no onc has the N ) WC

r 

. .... n rasllliClUre IS now tl' '" a vllal sense. Ihe protocol d le great mner space" (319). In 
RAMO ". mo e\s code SS crystallize an inner "P'IC . h' patterns and standards in 
list of Ihe many differen t tcehn;e~I"1 ablled by software developers, The 
Implemented, or customized' RSAtandard" and prolocols being cited. 
dev I .." III MOSS kepi . . ' e opment, ranglllg from XML COR growlllg dunng II~ 
TCP/lP, to name a rew MallY "f th ' , BA. SNMP, MI B. SSL. lDL, \0 
. .' ese "land d" d InlO other "tandard-; and pr t I' D ar s an protocols were threaded 
observed il often consisted 0 ~co ~ ... ay-to-day work on RAMOSS as I 

arranging and adju"ing "and~trd::a!:~~;ir'°gcther differem protocols and . Icallon" and nallling schemes SO 
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an 
tJI'Y could ho'd logelher. The :"ndards exisl as mixed Cl11I1Ie" parl 

, and part phYSical form: AU cla-;'>Iflcauon and standardisatIOn 
are a mixture of physical Clllities, ""h a' paper forms, plug', or 

" in,truction, encoded in silicon, and eonseoliolta' arrangements 
a" ,peed aod rhythm, dimension, and bow specifiealions arc 

I,nt'n
led

" (Bowker and Slar 1999, 39), As Ihis ""tio
n 

,hows, books, 
,Is, web,ites, user-group', software 100h, 1OSlI1U1l0

0
' and eommunlllCS 

%,eotnplieated hi"",ies twioe ,rround the standards, 

Flexibility and mobility as collective imagining 

'[\1e mixed entities Ihreaded Ihrougb RAMOSS ineorp",ate ao awarene" of 
bOdies in relation, including the bodies nf progranlln", as worker> who have 
portic

ular 
knowledges, ,kills and interests, RAMOSS must span Ihe different 

compuler plalforms and operaling systems lining the sers'er-
room 

wall (Sun, 
Microsoft NT, and Linux. each Ihoroughly "Iurated with different standards 
and protocols) wilhoUI f'rlling apart. In contemporary ,oftwarc cuhure, such 
boundaries produce kink' and fold, in soflware architeeture, They absorb 
much reading, writing. de,ign, lalk, coding and te\ling lime, Tbe Forge 
team, on Ihe basis of their previnus experience building distributed software. 
hoped that by embodying ,rppropriate protocol> and "andards, RAMOSS 
.. ruld ,"ull acrOSS the bound,rries between computer platform and operating 
vy,tem in twO ,,'peets, Firslly, by coding in hoa, the team gave RAMOSS a 
running starl on jumping between hardware platformy Paul. the managing 
dllector, menlioned that "the lasl technical direction I kicked Forge in, in 
a"ocialion with the olher guys was, the agreement to wor\... ,>olely in Java. 
Or to do the bulk of OUf development in Java:' Secondly. hy coding certain 
external feature" of the sy"tem 10 the CORBA (common object reque,,\ 
broker architecture) "tandard. RAMOSS would be able 10 interface with 
software systems nnt wrillen in Jasa, ,uch as the many other nelwork 
managemenl systems Ib,rl the telecnmmunications eOlnp"'IY was alreudy 

running, Major eon"quences flow froJ11 CORBA', p,'escncc in RAMOSS, It 
promises very dcsinrb\c archileelural flexibility and plaslicity for RAMOSS, 

Charlie de"cribcd Ihe flexibility of RAMOSS in the following terms: 

As a ~)~IC\ll. il re,ide, on. Ihe nlJ.in proct:~" rc~idt:' on ont: machine. hul il doe~n'l 
have 10. Allh" 'Iag

e
. il rc,idc, on ont: machine 3nd Ihe.,.:. ",hal I.\e cJ.J\ ,;llclliIC 

boxes c,;isl in oUllying c,~hange" or Ihey could he cll"located wherever, And Ihe) 
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arclh'OIl h . . c C~ t at actually form lhe connection\ ( . . . 
1ll<l11.lge. [ guc~~ lOU IHJ [_' , ' h- ' t) lh~ ndl1.ork, cicmenl', th 'I' u u s,l}' I at II "ccmral d t :ll t .... 
'\1 1 a ul'>lributcd 'Y,\Clll It could he d . , IW wm lhal pcr'f1'Ccli\c, bu " <) 

"<llellilc boxes a.~ ... .. _ ~ I',lnbu\cu more if they \I"h \0 I '" _ ' .... ''''lllg ,orced on . _ .',. 1l1C<ln I.. 

an;llI\c('\ure. and the .. 1 ~ . U, \0 ,[ ccrlalll <,.\('111 bv thei " luc [ . nccu ,or the NJlalioll hel ,.' . r ,1TC\I,alJ 
(lut ylllg exchanges, \0 be i,olmed from I' \\ccn [SON connccliorl', to 
not a bad architcc'''.~ L __ ., . _ IlelT corporate d<Jla 11<,(\\orl-. B", " ,,. 

. ", ......... '-~u'c II giles If" . . U 1 ~ ~r \l 
BuIll would 110\ be Ilccc"af) if lhe d~~n.:\Cf',I,IY 111 'OllIe aSJlCch of these SY'lC~ 
111 tlw main box. and do _I ,II f Y hale Ihal. \\e eoukl pUIl'lcr)lhin I. , \ 

I a rom Ihere A ld h' ): '-"l(l 
~(lmcunc else \Ianted a ~illlil ' I I C) ,1111 could do Ihat. S 
line ho~ , ar nCIv.or). lIIanagl'lllcnt "y,lelll \.Ie cllul " ,0. II " . upuillall l~ 

The idea Ihal RAMOSS mi ht b '.' ... 
or running on diffcrent netw ,g e dl\tl lbutcd 111 dtlferent configucal' 

F 

or,,~, ran strongly Ih h ' 00 
at orge. The tearn'<; u~e of d I ' roug sottware developm 

f

. ,rno c s such ' ' RMOD OIl 
rom an 1Il1uginino of s I' .IS P and CORBA n . . ~ _ ys ems that can ch' I' o ..... t.d 

eastly Into d ifferent con texls A .. <mge t lClr topology and m . . . VIS ion of RAMOS S be' "" ~tl1rn~ted much of the desi!!n and c '0 .' IIlg decontex lualiled 
tmagllled flexibi lit y. how;ver . ~r~f.leuratlon work . IrnplernetHing such 
configuration work to I"el"" I', 1\ Il '~ld. CORBA nccessitated intrica·· 

II 

. "e or arc ltteclUr' I' u. 
co ectl vely accepted and II k' .I permutations. Building wi'1.. 
COR we - nown protoC( I . I' UI 

BA meant the team could irn ort softw' ) ~ ,UK architectures such M 

some of thc work of tl' p, .Ire modulcs or subsyste ms t do 
. le sy\tem. But each' ' 0 

confi guratIon problems Th Imported module hrin"s its O\>.n 
I _. e team graft -'d th h 0 

e ements onto each other' . t:: e ardware and soft ware 

b 
' usm o a comblln!" f ~e. s~tes. telephone help lines m~1 do,"" nl 'd' Ion 0 software tools. bo()k~, 

IIldmdual and collective expe . ?t1 ed document'.. and drew on their 
F ' ncncc StilI wh n f' , 

orge purcha<;cd as re'ldY-ll d' . e con Igunng products thJI 
'f" ' I a c componel t . I con IguratlOll \ ... 'ork as risky. 1 s. t le team experienced 

The. imagining of flexibility and r .. , , 
bounda nes. scams and d'. . .. . econltgurablltty imposes new 

f"' Isconllnultles IIlto RAMOS re~(.)Il Igurabtlity as concepts bear little r~ ~ , S. Flexibility and 
milIeu of rural telel)hone . f' cfcn..:nce to the technogeographical 

In r ..... lructure<; b t h 
movement of the system into d,'ff I·' u IllUC to the imagined 
"Wh ' erent paces R· d' al 1\ RAMOSS?" Charli . ' .. espon IIlg to the quest ion of 

e plovlded an architeclUral plan: 

Welilhere ~re COIll""neIl1S call'" ,b ,. 'd ' _ ,.", u ul~ n lIIeu proc ' 
a , 1~lrlbuted proce,sing environment N ' c"slng eOIl1)lUllem". and they form 
Ihlng' a~ the ORB. CORBA h . ho' 0\\ ,1\ the h",e III tll:11 )ou·vc got such 
nnna" h • Ut.1 Ie Ih,1I )'ou n "1 I , gcr, v. ere you're clu~tering thc"c C) . lee \uc 1 thlT1g~ as elll',ler 
hale 10 hlll'e ~olllelhin" ,,' ., (lll]1utatltmal del11l'llt" logelher Yo" ~ man,lge Ihc elll'l .. ... .. 
manager You need to hale things called e~\, v.-hlCh 1\ \lhal \Ie cllil a node 
<;.Cf\ICC\. you need notificallon >en ie I .I~l(krs tor fllldlllg wh,1I resource, and 

. e, w IIC I allow you 10 for\lard elenlS bclv.l·en 
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'

" .... t\1 proccs<'c~. 11lc), arc ,111 di~trihulcd proce\>-c' which help to lll~lke Ihe 

..11 I:I~ • 

,''''I\1neOI ",or).. 
,11\ ... 

I" ,ay;"g. "You necd 10 have Ihe,e Ih;"g' called lraders," Charhe rer;"" 
. clainl that ··the whole idea i~ 10 manage the..,e things called <;ystetlls:' 

G(t~~ . I' lid 'I I' dl' I .... cl'e
r
. Inanag1ng tllngs ca e systelllS ental s tr<K cr ... Import~ rom tl~ 

~RBA spedfl cal;?,n, ;" wh;ch ",arkel ,~~e",phor' of "brokerage," "trad;"g," 

r' ;c"," "leases a"d "tra",actoon' are central 10 Ihe fIgunng of 
;'iO;[;IY and reeonf;g~rab;hlY, The"" ;",pons affect, the lexture ,of 
~A'IOSS , ref'gures" as 'an envo,""",enl ",Iher Ihan a u",I,ed ""e"" 1 he 
;no:orporal;on of Mfelenl model" ,Iand",'ds and prulocols ",cans Ihal Ihe 

",Icon gradually lake, 0" an open yel h;ghly ;nlerlockeu lextme of Mfecen' 
~,,,phO" or tropes, "",ny of wh;ch br;ng a>soc;al;ons qu;le remnle fro'" 
t.elepho

ne 
networks and rural network access. RAMOSS teems with figures 

~Lh 3S "'managers:' "service,,:' "c\'cnb," '·trader..,." "tran"aclions" and 

"brokers." Elements of the design. such a<; the division of the system into 
different software ~er\ice~ (brokeLtrader. notification. management). imporl 

dil'h:rent imaginings of relations between boUie.., into the system. 
So. for instance. a "BusinessManager" component in RAMOSS that 

manages user reque ... t<, for information conccrning the statuS of a particular 
Rl' card in a pit somewhere \\-ould al another level of the dcsign need to be 
!;oded in a way that complied with CORBA. Following the CORBA 
an.:hitccture. a dctailed design ll1u..,t be ... pecified for the Bll~inessManagcr in 
a "declaration language" callcd IDL the interface definition language (OMG 
~{X}-l) . IDL provide~ a way of de ... cribing different typc~ of objecb and how 
they interact with each other over networks. But in CORBA terms. there arc 
(lnly really clients and servers. In the CORBA view. the BlIsillcs~Manager 
object may well appear a.., a client. Within the same system. what i1> a 
manager from one perspective is a client from another. Even if the core 
~y~te1ll of RAMOSS ends lip running on a <;ingle machine in a 
telecommunications bunker. its design contain<; many intcrnal boundaries 
and interface", (bctween components. between serviccs. between clients and 
sener~) that could potentially open and spread out over a greater di<;tance. 

Reading the specifications of the CORBA ,>tundard (OMG 200--l-b) would 
hardly kcep most peoplc awake at night, but ~oftwarc dc\elopers find thcm 
\~cry intriguing. Again'>t a background of configuration difficulties, 
Ir,ustration<; with moving code between different machines. or connecting 
different computing and cUl1llllunication platfonm. CORBA promi~es 
enhanced mobility or flexibility. even at the co"'\ of an in\oluted schematic 
Imagining of elemcnh in the sy..,tcm. Watching software developers al work. 
reveals how the code they write is modulated from afar by a certain vision of 
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flexibility or reconfigurabilit f . conventions such, Y l~ured Via ,",ocial or 
Fie "bT IS re~~c."L transactIon or notification. 

XI I lty, extensibIlity mobTI d objects exert powerful altf ',f ] 1 Y an the capacity to "scale 
even as Ihey bring laye aCl,lOns on. lh~ cultures of software dev, 

rs 0 compllC'l11 TI 
purchased a software pod' 1 ,on. Ie Forge learn. 
?(}()4) t. r ocl ca leiJ IONA OrbixWcb ( CO 0 usc ~s a central component in their moldir 0 . 

RBA. A system compliant with CORBA > Ie 01 
request broker) accessible to each .' need., to have an ORB 
communication bctwc . proccs'> 111 the "ystcm: the ORB 
. en parts 01 the sySI d 
Integration or cuslOmization f . em an reduce<.; Ihe nec" 

H 

.' 0 part\ by lranslat' u 
owever. making sure thai I I' ,. log requests or . . ,oca and rcmote h' 

commUnicate wilh the ORB . . mac mes can ri nd 
de\ie.n work needcd I . I can be comphcated. Evcn apart from II o b' . 0 Imp ant CORBA in RAMOSS . . a 

r lxWeb rehably on differcnt . Just \tartlllg IOSA. 
hours of increasingly frustraling ~,~;~u~e" proved difficult. After " ';111 
members of the team grabbed T . ryan, one of Ihe more expericnc .... 
c ." ux, a stuffed pen'" f -

ompuler lllomtor, punched'l f' oUlll. rom the top of his 
..' I a eWlllnesalld t' b' 
Icon lor thc LIllUx opcrating ~ystcm be" > pu 11 ,IC\-... Tux, a semiofficial 
because hc could not conrigure and 'run cam~ the targ~t of Bryan's fru<:.tratioa 
wanted to use Linux machine\ a\ Ih?rb~X on a LlllUX machine. The team 
eorporale firewall). because Lin e salelllle boxes (computers outside lhe 
secure. reliable and cheal}t!r th ux machlne.s are perceived 10 be more 
Orb' W b an commercl"ll prod ( IX e. however, was did . .' lICts \ec chapter 4) 

. . ,. cve ope pnmanly I . . 
oper.1I11lg system~ such . W' dOl un under commercial o b" as m OW\ NT 0 S I' '. r lxWeb IS wriHen in Jav'l . d I . r o.ln\. On the other hand. 
"W . , .• 111 tie mam I)r . . ~ f . 

ntc once. run anywherc'"-\( '1 I Id omlS!"; 0 Java IS, of course. 
Ihat . ) I S lOU I"un on any Ih supports Java (including L' ). I . . 0 er operating \y\tem 
ION A Inux . al east In pn I . I 1'1 manuals stacked 0 B ' . I Cip c. Ie heavy pile of 
. . . n ryan <; dcsk w' ~ I I . • l~sumed Windows or Sol' ' a un Ie pful smce thcy all 
B an'> machmes wo ld be 

ryan managed 10 inilialize Ihe ORB aft~r used. Semal days laler. 
configurallon scripts S . , modlfy111g Orbix's standard 
. d .. 011lctl1nes. however Orb' . '11 . 
,\11 errors or "cxccptio" . . IX sll did not start reliably 
I I r lIS ""amed down Ihe s·· . Ie p me. a COlmdtalll from IONA' creen. Alter many calls 10 a 
conriguration and make startil 0 b' arn~'cd at Forge to belp stabilize the 

19 r IX reliable 
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The formation of relations in software 

. dual s and groupS meet infrastruclure in strange ways during software 
toll't~ men\. The Orbis episode illustraICs Ihe fairly pms

aic 
poinl Ihat 

¥" }" thwarted Ihe Forge procesS. Plans. tricb. "workaro
unds

" mId 
~~n cuts" failed. and espertise was broughl in from th: ou\Side. Bul il aho 
..,..' something more SIgnIficant the detaIled lCchnlCal knowledge and 
.,.fICU"" io

n 
expenence that developers gaIn a> Ihey bUIld RAMOSS or any 

0011"" soflware is magnClized by larger-"aic imagining of mobililY 
,..bC

dded 

in the prol
OCols

. models and slandardv Ihey wanl to use. and 

ti<,<lopers arc prepared 10 pay quite a high eust for Iheir commitment to Ihe 
fig

ur

" of f1exibililY and mobility. Collective il"aginings pre
senl 

in the 
"O<I<l

s
. protOCols and slandards Ihat pallern conlemporary voftware Ilgure 

1ll""n
lCnl 

across some gaps and boundari". In imagining. somelhing 
baPpen

s 
to ob>tael

e
", Ihey divappear. Bul imagining also enlails awareness 

of ,orporeal transitionv and changes Ihat might occur. Software development 
iv embodied as definite. highly focuved oriemations to code. machines. 
programs. diagrams. software 100is and l"OSl intensely. other programmers. 
.s the next chapter will discUSS. In infrastructu",1 software devclupment. 
illlagining eireulal

os 
in particular ways. Convenlional "Ihings" make 

,,,onections between disparalC "Ihing" such as lelepho
ne 

lines and 
I<lephone exch'lllges. Cerlain prolOcols. vpecil,eations and vtandalds (Java. 
Linus. CORBA) mesmerize software d"elopers because they promisc no 
"bVlacics in connecting or transporting thingv in a given domain. Ahhough 
obVlacics and difficuhies do arise. figures of imagioed flexibility. frcc 
mmement and open cOl",,,unie.lion pervade software and modulalC 
soft",,,e from a distance. The encounter bclwe

en 
iodividuals and 

infrastructures is mediated by "oss-eulling collectives. Making or changing 
infrastructure entails a compliealed. even turbul

enl 
confluence of mobililY 

and imagined mobility . In Am"';." LalO
ur 

(1996) wrote aboul aIICr",lIi"s 10 "pUlling Ihings in 

Iheir eonlCxt": "Whal Ihis requires iv not 10 'replace projcc
tv 

in their 
conlCxt: as Ihe foolish exprevsion goev. bul to ,tudy the way Ihe project is 
conlCxtuali, .. ed or deconlextuali1cd" (133). This chapler has invcsligated 
some of Ihe contextoalizing and decomextnalizing p""e"" Ihat energi,e 
RAMOSS. In Ihe RAMOSS project. conteslUa)i,"lion and 

deeonte"uali,ation occurred al the same lillie. nol alternating or opposed to 
each other. The server roolll al Forge e,presses a topological problem: how 
Can Ihe tealll relllap Ihe rural leicphone infrastrOCI"re so Ihal Idepho

ne 
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exchange and information network coalesce? The mapping slips 
not becau"e of any lack of expertise on the team's part, but 
RAMOSS occu pies a between-place. The Forge process projects the' 
a system as the output of scries of stages. following in order and 
merging into an integrated system. Yet the cross-cutt ing i111aginin 
mobility and reconfigurabi lity embodied in prog ramming languagc\gS 
as Java. platform'i such as Linux. and in standards. Protocol~ 
,>pecificati ons such as CaTha (themselves embedded in software, 
document" and websites)--------<:onstantly suggest new connecting 
open new per"peclives and introduce new interfaces and obstacles. 

Through the attraction they exert on the team and the ir P<"""i 
material presence in the fabric of everyday life at Forge. these 
both enable and trouble the smooth tran:-.lation acrm.'> boundari es: betWeeli 
systems. between surfaces of inscription. between different kinds of 
infrastructure. between Forge and its client'<; corporate strategie<; and 
maneuvers. They induce detours. torsions and convo luted trajectorie~ that 
take RAMOSS further afield. The confi guration work done by the tcam 
multiplies. resu lting in multilayered and distributed de~igns. with all the 
attendant complexities of documentation. diagramming and implementation. 
The processes of contextua lizing and decontexlUali7ing create a fine ly 
patterned composition in the technoscape. Latour says. " 11 is in the dclOul'\ 
that we recognize a technological act: It is in the detours that we recognize a 
technological act: ... And it i<; in the number of detours that we recognizc a 
project's degree of complexity" (1996. ? 15). A key point of this chapter is 
that dctours might simultaneously contcx tuali7e and decontextualilc 

software. 
Codc understood as a collective imagining seems a long way from code 

as a program of instructions for a machine to execu te. However. practices of 
imagining are not purely mental operations: in no way does imagining 
reduce to a detached. abstract fantasy. 11 constitute~ collective relational 
realitie~. Software attaches different localities to each other because it 
diffuses relations bctween them. The compo~itc texlUre of soflware is reliant 
on unfinished exchange<; between code and coders. Imagining generates 
relation<; over time, a ~ort of unfini<;hed business. in which "delay or lag 
between transactions" (Gell 1998. 81) re<;ults in binding socia l force. Like 
Java. RAMOSS cannot fully exht as program or proce<;s. but constantly 
osci ll ates betwecn them. The neighborhood of relation ... a~~ociated wilh 
<;oftware i~ characterizcd. as we have ... een. by a compo~i te texturc. It is by 

nature incomplete. 

\ 

Chapter 7 

Extreme programming: 
Code as prototype for 

software 

. '. c inw il-..clf many charJc\cri"lic~ which ~rigin:II1Y 
Conh;mporary \<lhor ha~ )1\lrojecl ti,. h'l~ tal-en 011 numer\JU' a~pccb 01 pr:l:(l~. 
marked the c"pcricnce 01 pollllC". I ()le~l~ • 

, / 'I' (J/l(lItlllnj,ofnmtempllmn'form, 
Vir1l(). P .. \ ,~r(J/mll"r'1tlw multI/III I.'. or . of life. 2{)()4. SO 

. . f ation ~oft\vare has been regarded by 
Because it deab with III OWl, . . d '. I scienti ... ts as the epitome of 

\ b 
uhLlr'l! theOrist ... an sOChl . . . \' \ 

programmers anc 'j c' . . \' of 'In'\lytical and <;ymbo Ica 
. '. I work It takes t le lo rm .' 

ab<;tracl or l111matena \ .' . : > d intelligent manipulation on one 
tasks. which break down Into creall ve an h (Hardt and Negri 2000. 293). 

h 
. b lic work on the at er and and roullne synl 0 \ 'n vhich creative-i ntelligent 

. II'" oarded a<; \ le way t \ . Algorithm~ arc typlca ) Lee' . . . \,,' II One practical verSion 
.' .' e <;ymbohc m<lnlpLi .l 10 . 

mampul atlon become~ roulln . ad' 0 ,,'c've ... cen in chapler 5, 
. . . It var~ pr uctlOn, " .... 

of the abstract tendenCies In .... ? \ . t; \" Al other version i<; unea<;ily 
.' With Vlrtlla IwtiOn. 1 

appears In Java s conccrn . . bl ~I (on to commodity hardware and 
implicit in the Linux kernel s unsta e n; a \ 
commercial software platforms (chapter 4). work 3t ... haping flows of 

11 might .... eem thaI programmers. who 
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information, wan I to make their work "indifferent to its panicular form" 
(Marx 1973. 297) or 10 the specificity of different .,ituatiorK But the 
experience of programming seem .. to be somewhat different. Ellen Ullman 
(1997) expres~cs it thi., way: "You write .'.ome code. and \uddcnly there are 
dark. ull'ipecificd areas. All the page ... of careful document'.. and <;ti l!. 
between Ihe sentences, something i ... missing" (21). Rather than becoming 
mechanical or predictable. over the course of time the flows of informat ion 
managed by software become more dynamic. complex and unstable. 
Increasingly. programmers interact with \'v'orld., that are not abstract, 
mechanical. fOfmaliLed, or in any ~imple :-.ensc, globalized (see chapter 4 On 
the tension bctween commodity hardware computing platforms and traits of 
the Unix philosophy). 

From the standpoint of a political economy of software, thi:-. i~ a curious 
inversion, Rather than dealing with increasing abstraction, programming is 
constantly be:-.et by conflicts between different processe~ of ab:-.traction. 
Analy~es of new media and information cultures Ihal predicatc abstraction as 
a key proce~s (Wark 2004; Hardt and Negri 2(00) need to address this 
apparent contradiction between abstraction and specificity in ~ofl\vare. This 
chapter addresses some ways in which programming work rcsist:-. its own 
abstraction through an ethnographic case study of a popular software 
development methodology called "extrcme programming" (Aucr ,md Miller 
2002; Beck 2000; Jeffrics 2004; Succi 2002; Wakc 2001). Amid the growth 
of "extreme" sports i -"uch as "aggre~sive"' inline .,kating. snow-boarding, 
"vert" biking. "extreme boulelering"' and b,l'~e jumping. why would computer 
programming and software development necd (0 becomc "extreme"? 
Extreme sport. like extreme programming. relics on minimal technical 
backup and technical equipment. Extrcme bouldering. for in:-.tance, irn;olves 
climbing large rocks with minimal assistance from rope:-.. carabiners. 
harnesses. pitons and cleats. Extreme sport:-. heighten exposure to specific 
forms of physic,lI danger. However. it could be argued that even in this 
exposure. extreme sports ~eel-; a special form of protection, a special place Of 

time lifted out from a world that seems to gloss over differences, that 
generalizes. abstracts. globalizes and above all. seems to constantly throw up 
unwanted changcs. 

When. as in extreme programming or XP (not to be confused with the 
many other XP product" such as Windows XP or the Athlon XP CPU chip 
that appeared around the same time). software development allies itself to 
extreme sports, when it strips down to a bare minimum of equipment. the 
hope is Ihat programming could be disentangled from an overly gl.ldget­
enhanced. system-managed experience. It "eeks to shed the encumbrance of 
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f.\tre ll 
. . d ractices that trammel coding work. 

(1\\"anted abstractions. dlsco~rs~~~:_l!dern methodologie~." a<, Nohle and 
~\'p aims to replace modern "\kl~ 'y o,h"r cultural proce<,ses (meeli<l. art. 
, 00' 10) ogest Ll C m.\O 1.:: , I 'ddle (2 _. Sll,,"~ . . I" " science), programnl1ng m~ 

8\ . ll"lnagement po II1CS. 
d 

',gil. archItecture. 1 • : ' ,'ell" without or in resistance to. 
e' I d~" des to reJllvenl 1 ~' . 
ought over the ast 1.::c~, '. "But in Ihe name of what does XP does 

"OInc of its own n~odcrlllst b.lg.g·~f,~ 'I"enc of proorammers engaged in the 
:hi~'! XP. ~.IS we WII~ <'ee, ~~~~~;~ it I~a~ to ~enerate\'iable represenlali.ons ~f 

"t of codIng. In or er 10. ".,' 'h primacy of programmmg In 
a!.: .' , 'rl etfort to susl.lln e . ' .I.at cochng I~. le . . ' the agential rela\lons 
\\11 . '" ers new permutations III . 
oftware prodllcl1on tneg . '11 ' " on the double-faceted mode ot 

, 'I ,. Code 'Ioency st! PI\O:-' , .... ... oci<lted Will coue. '''. ' . . B' in XP. the act of C{lUlng 
" b I pr'sslon and proccSS. u ~ode's existence as Otl ex t:.. '\0 entity that the eode-as-index. 
or programming itself bec.omes. a p~~t~~:IP~~; one, in Gell's sense; sec Ge.lI 
is held to represent (as dlscursseld ," d,P,'clopment more genentlly. Certain 

'7 f h work. 0 so tW,1 1.:: " . d 1998.25-- ) or tel ""'£ compiling and rllnnlllg co e. are 
r _ .I" ' ork <';UCl as wn I • od ' a~pects 0 cl.lulllg w ,. . . . ... , which all sOflw4lrc pr ucl10n 

tical codLng actiVltlcs 0 . ' . -;ingled out a:-. prow yp . . r certain codlllg practices 
T ... ·· I' ctlcal ',bstracI10n 0 

~hould be attached. illS IS a a •... a'sociated with software 
. ~ . l" ling abstractions ~ . . 
in resistance to . orilla, 1 , ~n~ It attempts to po:-.ition coding It10eH as 
engineering and project .nl.ana,ge!l1~. " development in ordcr to challenge 
Ihe most <,ignificant actLvily In so twa~e d 'th other forms of software 

I
, r production aSSOCiate WI MOSS 

certain re a\lons 0 . ~. . d 'n devcloping RA . . '. e the processe:-. use L 
enuineenng (lor IIlstanc . , ~ ,I. d coding inl a prototype for 

e 'I 6) M'lktng cuue ,111 ' described III c lapler " . b'" ,erms of the contc~ta\lons 
. . > s very recurSive, u 11 

software productlOn seem '" I' coding can be seen as 
. d (tn software the prllnacy 0 

of agency aSSOCiate \\.1. '., lh~ originators of soflware. 
asserting the identity 01 programmers .LS C 

, 

unwanted equipment 

.' l? 
. d ce technical equipment to a IllIlUmUn . 

How does extreme programmLng re u h their work practices in light 
How do a group of software developcrs c ald,

ge 
'- do to make XP intO a 

, '\!lei \\ hat work. 0 Illey 
of extreme programnllng. ' _ ., we must explore what , .) For those ans\\t:f:-. . 
software-devl!Ioplllent process '.' r m "'"ltinO arrangements, the 

. XP oJect ranolllg fO'''' '" actually happens In an pr .' eo 1- ' r integrating diffcrent 
• (f the tcc 11llques 0 ' 

timctabling. of program mill", I' 'c"" the conversations and 
'ry so \ware sys" 

components of contempora· I"" r',al culture of a software 
. d ecutes ant tile Ill.! e , arguments over hO\\ co e ex .. 
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development project. Observation" of these sc r . 
relevan t \0 a morc labal . . e mngly mundane matter, 
software 'n '"k' g .' qUC'>tlOll about the contemporary producli ilf\ 
softwa ' , '" -.lvef'e, posl-dol:Om crash nClwork "Itore>: H On '" 
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re dc\c lopers, soitware engineer ... and ro"ce [ ." 0 '.', do 
:1~;Il~C~~1~~1;; increa>ingly imagined in lerm: of h~m:~n,~,~~r~,~';!':~~:~; 

Since the mid-1960s . r . . • ... 0 [ware engineering methods hay 
IOslTumenllhe process of ' f' I . e sought I . ." so (ware (cvelopment and to bait d . n 
stormy outside world. Software industries have cleve] en own agaJn\\ a 

:;:~I ~:1:~~~,:o?:~~::~:,,:n,~ao:;:~~~~i~::~1 pl;~~~~~~l~~ i '(l::I~'~;:;~O g~e:Cd~ 
In therT account of w h h" hi . e ommerville 2{)()(h 
coll aborati on fail. the SO~OI~:ist~ ;~::lal~C.d or structured systems (If 
arguc that the obstacle 10 generali.t:ed n el,gh ,St~r and Kare.n Ruhleder 
re~ides in local practi ce ... : ~ystcllls 01 collaboratlon usually 

Experience will ' . . 1 groupware ~uggC~h Ih,lt hi ,hI' .,." 
(ullaborallon \\ ill fail to bee' _ g ) ~Irunured application, for 

_ OIllC Intcgraled Into !l1l'·1I \\}.. , 
cxpcmnemalion over lillie re\lIlt-. 'n 'h • or pr:lCtlCe~, .... Rather. 

I 

,I" C emergcnce of 11 C) I 
owlly-Htilored application~ .. 1 , . I mp ex t"lH1~tellation of 

k 

an" rcpo~ltonc~ combined I , 
Ilow\cdge and e);.perli\e They be' " \,It 1 pOl' CtS of local ~. . gin to tnlCrwcale Ihems 'I" 'I I 

[ormal tnfrJ.~lruClllre to c . I" ' -e leS WIll e cmenh of the 

, 
,_ rea e a umque and c\'olvin" h)'bd Th 

aelhtaled by Ihn\C elCl1lcnt~ of Ih' I' "rt, 1\ evolution is 

f I

e urrmll ~lruelUrc which h . 
o ocal role~ and Ihe emer"eoee f ' , \Upport I c rcdcftllltion f ' " 0 comlllumtte~ of pf"lclic' . r d h 
o ,peclfic [echnologie, and I) " of hi' ,<.: a oun t C IIllef'>C<.:lion pc, pro ~111', {Star and Rllhkder [1)96. 13::) 

The hybridization of lonl knowled 'e .. 
Star and Ruhleder is redoubl:d in XP. JU~t and tnfr~<;tnlcture described ,by 
languages XP resists other .. I' ' a~ Java Clte~ other programm tng , ' 'so tware production method I .. b ' 
programming itself a~ core acti\it I . .. 0 ogles y citIng 
elements of local practice inl 'd Y·. mpOlt,tntly. XP promotcs selected 
earnt a lesson on how to co I . " -. ... I prog rammers ha\e 
I 

• 0 ptO uctlon proce~sc~ a 'r 
ns ruct constellatIOns of' I 

loc'll-oloball' b 'd' . 111 erwoven clements a~ 
• e> < Y n l1.al1on<,. ' 

confercnces. web'i le) 110W Ir.:e>·lb
n 

Ok rna c a n.amc for itself in 2000. XP Extreme programming b'''' t k 
,. _ 0 00 'S and ' t I ' l" 

groups establi ... hed thclll~eh' .. d ' .If IC e> I ... t-groups and user­
Most articles and books eithees an. cxp,mdcd rapIdly hec Jeffric~ 20~) , 
of XP as a software d ~v I r proVIde a formal. ... omev. hat doctrinal account 

. , r.: e opment process or cloel 1'1 
experience of particilrtlt '. s y re ec t the personal 

I 

' 1 ~ or proponent<, (e.g .. Beck "'000' W k 200 II 
t lese approaches under...tand bl fl ~. -, a e I). A 

( 

,. a y re ect the Interests of I' d' XP 
or sornt!time~ resi~ting it) F . d . - , .. peop e 111 OIng 

development addre~ -h . e\\ ,ctaded ethn.ographlc studies of software 
,... ow ... oftware productton is ca"ohl ' e up 111 wider 
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~,tl~ 

lestalions of agency (bul )ec 6'Riain 2000: Butlon and Sharrock 1996: 
etln.

e 
... 
h 

2(05), An ethnographic study of XP would not try to explain whal 
~;"ould ideally look like, nor would il judge whe1her XP really liv" up 10 

'h' clai ms, Ralher, elhnograph<c observation should help us understand an 
, ,,,,,nl

cr 
bel

ween 
a programmer-cenlric ,olhv",'c-produclion disCourse and 

en"roup of actual programmers. The aim of such an investigation is not 10 

~;'elop general model) of ordinary aClivily. bul 10 examine Ihe 
h,bridi lation between densely cmbodied local practice ... and ab ... tracl. 
i~fra~lructural or formal element .... For a long time. ethnography meant 
"servin" how people interacted with other in ~itu. and how they ordered 

\ltI, co things to maintain their place. But morc recently it ha ... comc 10 mcan. as 
\'arc

us 
(1995) argues. "locating the detectable syslem-llwarene ... s in the 

c,eryday con:.ciousness and actions of subjects' lives" (I II). Thi ... bifocal 
en1ph

a
<,is on relation:. between people and thing~ in a given localit), (cards. 

computers, doculllent~. :.oftware. table .... memo board .... bo()k~. telephones. 
pen~ . papers). and "system tlwarent!s";' means seeing peoplc and software a~ 
connected by a "logic of association" (Marcus 1995, \05) that connects 
different <;i tc~, Looking at people or thing.., (computer .... software. furniture. 
book!., networks. etc.) ... eparately from "sy ... tem-awareness" would Illean 
abstracting frolll important pariS of the proce~s that develops and configures 

'\Oftware? When my s{Udy started in mid-2001. a software development project was 
well underway at Knowledge Management System ... (KMS), a software 
production housc in Manchestcr Science Park. which is si tuated near the 
universi tie<' ea ... 1 of Manchester's city center in nonhwest England. A small. 
-.omewhat fluc tuating team of software developers. testers and managers (six 
to twelve people) were working on a knowledge management system called 
Deskarles UniversaL The namc of the ~ystelll hints at both a valuation of 
knowledge (the philosopher Descarte~ sought clear and di:.tinct knowledge 
of the world). globalization (hence "Universal") and office work ('"Desk"). ' 
Described in ba~ic terms. KMS'", Desk-artes system offer~ organizations 
access to knowledge embedded in their document<,. It organi1.es documents 
within a heavily keyworded. cross_referenced repo ... ilOry that can procc~s and 
"learn" from natural language ~earch queries. The ~ystem captures "cxpert" 
replies to common qucrie~. Once deposited in Univer<;al. knowledge 
becomes acce~~ib\e through natural-language queries ("What i~ ... ") typed 
Into form" in a web browser. Proprietary neu ral network algorithm" 
developed by re~earcheh at the nearby Manchestcr Univer.,ity form the ba:.is 
of UniversaL Univer ... al bring., lip rele\'ant information more directly than 
most standard search cngine~ and "improves" ih search based on feedback 
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from human operator,. As a software product. Universal was targeted to 
cen ters. help desks or wherever in organi7a1ions the same questions 
asked repeatedly in endlessly ~lighlly different variatiOIl~. 

When the cards are down: XP as a game 
of software development 

Fr.om the slu,ndpoil.l1 orlhe prog~ammers a1 KMS.thc important atlributc\c( 
thts system lor theIr work were lis rel iance on Java and JavaScript/HTML 
programming/scripting languages. its usc of a distributed component-ba!>ed 
architecture (enterprise l avaBcans running all an application server) and i 
reliance on standard web-browser software U'i a user in terface. These 
features situate Deskartes Universal as a Iypical internet-ba,>ed commercial 

software application of the late 1990" or of early 2(X}O. Such features of the 
software development environment impinge fairly strongly on the day-to-day 
work of the development team. 

When I arrived in June 2001. programming on Universal was moving 
over to a version of the XP process. In one of our early conversations. Dave. 
leader of the developer team. framed the move by talking about code qualit~ 
in it previou .. version of Universal that had been outsourced to a software 
development team in Ind ia. The results were regarded. rightly or wrongly. ~ 
so poor that a new. local KMS team had to begin again almost from scratch. 
A long printout of some of the "worst" code from the outsourced project ha~ 
been .,tuck to the wall in the developers' area. The ex tensive UML diagram' 
(unified modeling language: see Fowler and SCOti 1997) sent by KMS to the 
Indian development team had been more or less ignored. according to Dme. 
These diagrams. consisting of many boxes. arrows and labels. were 
themselves the product of different software de"ign methodology. popular in 
the late 1990s. the Rational Rose process (nO\\ owned by IBM). Although 
the KMS developers still occasionally drew UML diagrams. the diagram~ 
were generally sketched on a whiteboard instead of onscreen. and onl) 
served as a temporary help in working through some current problem. rather 
than providing a map of the overall system. Driven by the interest and 
enth usiasm of two senior developer" (Dave and Roger). and cased by the 
relatively small team size. many of the ways in which KMS' developeJ" 
worked. the <;oftware and hardware tools they u~ed. and the I-;ind of systeJU 
they were writing. reflected XP's influence. 

On a typical day in the deve lopers' area of KMS. most of the developer; 
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, und sc"led facin o inward around tables pushed together to form dbi!IO'< ~ . 
COIiI, e rectangle in the main pari of the room. Computer morutors. 
~ larg PahnPiiots. telephones. Coke bott les. snack food. network cables 
iaPIOP~' odd book (Dilben cartoons. or computer books such as Fowler and 
~,~ " f 
.~ 99) lay scattered over the tables. In a departure trom Images 0 
•• " 19 I d I ' h' ~~d hOne-wearing late-n ight programmers. developers rol e I lelr c aIrs 
Ilea P'd ach other so that two people could look at one sc reen as they 
alOn"~1 e e . I Id ' anuned" (discussed later). OccaSIOnally a deve oper WOll say. 
"r\:ur·progr 'd 'f' d 
r-. ., st'lIld and go 10 the end of tile table to use a computer I en tl Ie 

"Flao sup. . < • d I 
. h=a scrawled paper notice as ··Build Machine." Sometimes a eve oper 

:uld go to a board covered with blue. orange and pink c.ardbo~rd ca~ds and 
add or take down cards. On occasion a de\~eloper m.ight SIt outSide thiS large 
communal table at a separate workstatIOn. Aga11lst a back ~al.1. large 
boOkcases held several hundred computer books. manuals and ~nodlcals. In 

corner of the room near the entrance. Kirsty. the prOject manager: 
:'ked in a glass-walled office. Just outside the ent rance to the developers 

, the software testers have a work area. Also ncar the entrance. a small 
area. I' b d 
meeting room almost ri l1 ed by a large table. chairs an~ a w l lt ~ oar was 
u..cd for developers' ··stand-up meetings" or longer plannIng .meetl ngs. 

Some of these features-the snack food. the moblie phones and 
handhelds, the thick semipopular computer how-to books- are com mon to 
'.oftware development teams. Yet the environment at KMS was patterned to 
en\ure that software sy<,\ems were developed in certai n ways and not others: 
the build machine at the end of the rectangular table. the memo board with 
colored cards. the chairs rolled together and the arrangement of the tables 
into a central island \ignify a somewhat unusual mode of organization of 

\Oftware development. 

"Programming itself" (with just a few 
small things added) 

More than one copy of the books by Kent Beck (2000). a key figure in 
e~trcme programming. lay on the developers' tables. and they had been read. 
UtleaSl in part, by various me mbers of the team: Dave poinlCd them out and 
recommended Ihem to visi tors. Beck proposes that the best way of 
understandin g XP lies in the metaphor of programming. In a slightly 

paradoxical statement. he writes: 
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XP ~1!>cS the rnctuphor of programming tnr il~ 'Iclj\ilie .. · thdl j .. , c\w)lhing you do 
look~ m ,orne v.ay like programming: Progr.J.rnming in XP j, like progr;.J!lIm' 
\\.llh a fc\.\ ~malilhing' added, like .lU(olllil!cd [<"ling. 1I0\\CI'I:r, like allthc re~tl:~ 
XP. XP d'::lclopmcnt IS decepti\ely ,imple. All Ihe picce .. arc ,impl!' enough 
c\plmn. but executing them i\ hard. (Beck :WOO. 971 10 

~he.re are two. issues here. First. how can <;ofl\\are projects be 
reoTeamzed by taking programm ing ibelf as a metaphor for softwa 
development? Second. why would software developers w'mt t " . . • 0 USe 

programmmg as a r~etaphor? Bcc~'s statement hints that software project'; 
have had. trouble ,Ill Ihe past with activit ic\ that did not "look like" 
progmmmmg. For mstance, structured software design methods '"normall 
mvolves producing graphical system models and results ill larne amounts :r 
documentation'" (~ommervi11e 2000, 58), which then has 10 be ma intained 
~y someone. Design doeume~tation. as e.thnographi c'> of engineeri ng have 
show~. create ... trouble for engilleenng projects in general because it docs not 
look like software development: 

1~li thin the paniculllr work.a-day world of enginee,", erfor\'- arc made 10 upgrade 
Ihe produetlUl.l of uoculllcnt<lIIOn III order 10 ensure that il is built inlo Ihe cngineer's 
\.lor\.... Upgradmglh~ worl.. l\ a g('neml de\iCt! Ih<ll i~ u.,('u to ell'ure Ihat 'dirty work' 
gels done and wllhm 'oft .... arc enoinccrino Ihere 'Ire ., """,c, of " I .,. . ~ ~ " "u 'J<: 'uC I upgraU11lg 
devlcc, Ihal are u~cd in Ihis re~pcci. (Sulton and Sharrock 1996.382) 

'. ~aking "~I 'ie cas.e~'· (as in th: rational unified process) or drawing class 
dlaglams ~uslllg uOlfled modelmg language) might not look much like 
progr~H~nllng to pro~rammers uscd to writing lines of program code. 
c~m~.llIng them, runnlllg them and then wri ting more code. When Beck say~ 
th,\1 XP u~~ ... thc metaphor of programming for its activi ties:' the iterative 
cycle of ,:nt tn,g. compiling and running code i ... extended a,> metaphor for the 
w~OI~ ot solt~arc devclopme.nl. Arguably. programmer\ embody that 
pr.t~tlce of cycl.lng th rough coding, compil ing and running code at a fairly 
b~<;lc level. Their competencc, craft ~kilh and even identity a\ pronrammers 
hlllgcs on th~t process. XP extrapolate'i the "close to the machine':: practice 
of programllling to a more explici t software development proce,>'i. 

For~nal software ~evelopment methodologies tend to 'iituate coding at 
one. POInt on a mul.ll stepped waterfall or a multi looped 'ipiral process. 
Dunng more co~venlt{)nal processes, the ~uccessive phases of ri sk analys is. 
developmen t of a statement of requirement~, prototyping, si mulations, 
development plans, requirement validation and so on rcmain discrete and 
precede the final steps of coding, unit tc<.,ting and acceptance tcsting 
(Sommerville 2000 ':;4) Ne'" ly ·,11 oft d· h d . ,_ . , ,'i warc eSlgn mCI 0 s allow shuttling 
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tl3
ck 

and forth \0 ~e\ i'ie earlier de~ign ~eci"ions and adjust spec i fi.c~lion s in 
li"h

t 
of ch'lIlg.ed circumstances. Thc spiral Illodel makes thcse rCVISlons and 

djusUnent-; explicit. Yct overall devctopment of thc 'iy\tl.!m head\ towards a 
~inc.lc endpoint marked at the ouhel. Steering all work toward that endpoint 
t.e;omes the mO'i1 important goal of methodologie'>. and a lot of noncoding 
work goes into producing plan<.,. models and progre\s report\. The 
production of softwarl.! ha'i fOl" decade'i been seen :3\ resi'>tant to industrial or 
fordi !>t techniquc,> (e.g .. Brook\ 1995: \cc Anee<.,h '2(01). The very term 
"~oftwarc developer" convey'i a certain open-emlcdnc<.,'i that soflware 
development methodologie~ auell1pt to clo'ic off. XP i .. '"cxtremc" in that it 
abandons thi'i linear proces,> and withdraws inlo coding worl--.. Although it is 
an '"agile'" methodology. in XP. cvcry pan of the de<.,igning and building of 
the 'iyslelll is cOIl<;tantly looping back on itself. Looping or itcrating, a 
fundamental fOl"mal ~truClUre of most programming language,>, bccome~ in 
XP a rhetorical tacti c used to refigu re all software development as 
'>Omething akin to coding. 11 ~cel--.s 10 \hield coding from being overt aken by 
the dangcr~ that Ellen Ullman rder' to when 'ihe lamenh the "dark. 

un'ipecifi cd areas:' 

Cardboard as programming tool 

How does thc metaphor of programming play out in practice'! A'i one 
t!xamplc, ralher than gathering requirement'> (thc formal statements of what 
a system will do. to which the softwarc dcveloper'i are usually conlraclUalty 
bound) at the beginn ing of a project. an XP project passe\ through many 
requircments-gathcring cycle'i. Incremental gatheri ng of rcquirement" 
occurs throughout the tife of the project. Without any final goat. 
development takes on an open-I.!ndcd character. 11 may cnd up quite different 
than originally anticipated- as De'ikarles Uni\el"'>al cvcntuatly did- without 

the project having necc'>'>ari!y failed. 
The brightly colored cardboard card\ '>caltered on tablc'> and pinned to 

thc mcmo board at KMS \i\ibly derived from the XP method. To under\tand 
how software developmcnt can '"look likc" programming. a\ Beck promisc'i. 
Ihe movement'> of the<;c cmds provide a key examplc. KMS's color-coded 
cards---orangc for .. ",tor;e...:· blue for ""ta\k\" and pinl--. for '"d.efecl'i"'- we re -also implicitly coded for hierarchy and worl--. proce\~e,>. An orange story card 
would, in principle. have been written by a cu\LOmer. a \y~tem u<;er: a blue 
ta~k card would have been vvritten hy a devcloper~ and a defect card either by 
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a system tc'>ter or user. Usually the different kinds of cards were kept 
Over the 3-4 weeks of each development cycle. cards were filled 
shuffled. dealt out. handed in. "spawned" (as in. "Let's ... pawn a card 
Ihat"), displayed. swapped. cOllnled. siored. taken back. written on and 
away. They circulated cOlhtantly through diffe rent members of the 
were visible in different places. and were used for different purpose,;, 

Essentially. the cards were very simple forms with no more than lei 
lines of text in the main description field. Often. a card held just one Ii 
(e.g .. "load security level frmne for cur,rent res,u[(') 41<; well a" a,dale. a ~Iory, 
task or defect number. and "pace for bnef details about completlOll limes and 
dates. The simplicity and limited capacity of these cards to carry 
information give pause in this context. Why resort to something as archaic IS 

index cards? They seem a fairly trivial tool-old-fashioned, clumsy: 
inrlexible--compared to the sophisticated project-management, schedul in, 
and software-design toob a\ailable to <,ortware developers. However, the 
color-coded cards are an explicit part of XP, In di<,carding tho\C 
sophisticatcd software-based tools for an archaic graphic medium like ind~ 
card ... , in replaci ng "requirements eng ineering" with "gathering stori e ... :' XP 
scales softv"are development back~and shields it from management 
scrut iny. As earlier chapters have sugge"ted. \\ohenever code or program ming 
bccomes an object of attention as such. agency is contested. Here, the 
contest "'as played out between different doctrine" for the control of 
software production. These card" literally Illoved control of the project awa} 
from the eyes and hands of managers. 

How did the cards move around? What propelled them from meeting 
table to memo board. from memo board to developer table. from developer 
table back to memo board. from memo board to tracker's desk and so on'~ 
The slow movement of the card" is significant. Cards were strewn on table, 
si ng ly and in packs: they were pin ned to the 111emo board in rows and 
sometimes in enve lopes. People walked to the memo board. put cards on and 
took them off. Individual card, were scattered bctween workstations. On her 
desk, Kirsty. the "tracker" who kept track of the team"', work rate. copied 
numbers and dates from stacks of cards into a spreadsheet pinned up each 
week on the memo board as a summary of project progress. The production. 
distribution and consumption of these cards th readed through much of the 
work of the Universal team. 

Like playing cards, XP cards carried different values at KMS. Like most 
card games also. the cards were shuffled and dealt in rounds (see discussion 
below of the reiea"e. iteration and task loops). Thcy circulated through 
different hands: customer. developer, tracker and tcqer. The colors 
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. P tin all orange "tory curd on the table in 
eJia1ely differentiated wor~. i~~ ic.~ted something relatively portentous 

:;Itlecting room. ;or eX~II~l~l:olved "ubslanlial subsidiary task'> and a ~ot 
aU~c a story car usua becallse they movcd acros, boundanes 

~ J~\'eloper tin,le. MOtt,eteOa~~;"\1ld the outside world. XP ,tury cards called 
.. the dcve opmci < ' 
tJ(Iv.'cen . 

-I"u' evaluation, for ca,,, 

Calculating time: "Ideal Graham days" 

, to document all the ways in which cards moved aroun~. 
It would be onerous h few s'llient katures. Importantly, cards did 

I ", movcmenl as a < • bles " .wever, t lei , "I ' " d'" 's meeun" room Ia ' . n . II b t 'cen (eve opl:rs .... ,"- . " 
not move automallca Y e Vi k TI "a- no online or automated 

d ler,,' des's li:!re ., 
memo board an Illanag Ratite", talkin" tri"gered. accompanied and 

" I' tl esc tlocuments. . ",,, .' 
handling a 1, 'd Q t"ons comments. argument. lIlslructlons 

h ~ yemenI 01 car s. lies I . . I' 'd 
,teered t ~ mo ~ he roduction. movement and rcad1l1g 0 cal s. 
and directIOns surrounded t P . f d by the rule~ of the game. the 

Unlike playing cards. whose value I~ Ixe .' ,t KMS A "points 
, t· ~ ,t 10 much negotIatiOn il . 

\'alue of a story was <;u 1JCC . ~ f the card reflected (in a very 
. .. r. ,d' the bottom COl nt:T 0 . ' d 

estimated lie III 'r" d nent- '~v'lluation. esti matiOnS an 1 I "enes a JU 01 '" .... , . 
condensed form) a w 10 e. .' del' dU'"lno 'I plmming Illeetillg. 

d b lol\ware e\e opcr, " ' ~ 
2Ucsseii pcrforme Y Ile s , , " o,ked out by the developers 
~ . , d-Ils \vorl l-W,IS w . 
The weIght of " ~tory car ... . d out in leam meetlllgs. The 

. I' legotlatlon'i carne ' . 
through a complex set 0 I ., I der in collaboration WIth 

" hy Owe the te,I01 ea . 
stories had been wnuen '.' f U " e,oa' At KMS. story cards ,. t on'}1 user 0 IlIV~,. 
Mike, tile XP "customer or n? 1 '," eet"lltOS Aflerward, the tasks 

, d nn" P (1l1IlIng III e . 
were read to deve opers u C k d I For in"t'\Ilce. at Ihe start of a 

. ded \0 he wor'e ou. . , 
composmg the story nee . h 'to'"les for discussion on the 

. . D· would wnte t e .~ , . 
planmng meellng. a\e fl" 1 . tense discus<;ion. the 1}()lnts-
whiteboard. After seve ral h~lIr, () d

a1r y In I" the card' could be filled in 
" " I , er T1uht-han corner 0 

esti mated field In t le Ow.. . d 'ong '!n'llysis about 
" , l'k 4 QG whIch summe lip " . 

with a numcT1cal resu 1 Ie· . f k" dhow lono it would take In 
" I t 'y a' a sel 0 ta" s.lIl" f how to Implemcnt tle ,0 ' . b'sed on the estimated amount 0 

"ideal Graham days" (a ll1eaSUre1llCI~~ d~l in a day). Developers would then 
work that one developer. Graham. cou d 

' d' wcb of blue task car s. 
break the story card own Into s ~. bl t"'k cards through spoken 

'Iallon onlO ue.h ' . . 
A ~tory underwent tr,IIlS ~ The followlllg 

, , ,1'1'1' ~ t member, of Ihl: team. 
IIlteractlons betv.een ~ ~ erl:n 'vel how this translation could occur and 
conversation explore". ialrly tentall y. 
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what work it WI) ld' I 'fl U lllYO W. lC coach (another term th'll links XP 
extreme sports) 'I d h . ' I . ' .• 00 ncar t e whHcboard and pointed \0 a line "I' '. 0 Wntlng: 

DAVL Thi\ is the ,. -

" 

' Ila~l) l,;(Jntr(J\cr~11l1 olle. [Lau"hl<!r.1 All Ti,'hl Ih' d "I ~c cellon lag~ II' " .. _ <= <=' <.: Clal cd 
I.I.hilcboanJ). r\~ I''']\\.<': \egol from there Ipunlting al .1l101hcr sloTy on lhe 

lag~ from the J"\\ \I.,la\ \\~ ~IJl~ o~ figured 1\ Ihal lag, \\ ill be ,O!llC lairly ordinar 
'" 'd , ~p page [J,\\,[ Sener Pages, a parI 01 the \\Cb'''Cfvcr int'T"I'lru~," ' 
u c oconstruq Ill' . b I .. ' ,. ... ~rc , . C \I.e - JTO\\-\Cr mtcrfncc III Uni\t~r~aIJ \\c'lI rroh-,hl' h ' 
~"~.'h.",,. h . . '1"'-. bo I tcr I II1g' gOing on. So, you're pmhahly ,oing to be d'lin, 'h" f 
reu,c Ul t I q A d h" ' 0 . h I.'>C~. nIl' feu,,, Illlght a<.:tually I1m\ be direct fC"V' " '"h 'h 
cxceptlon I m Ih . I . , " ~ n C prcpopullilc. I' 1,1£ pllllltlllg al ;l li,\ on Ih~ hu;[nll you dOll'l \\;[111 tn 

ADAM: Sorry. I mi~'>t:d ,Olllclhillg. 
a'tu~lIy he quit. ,mall. i,Il't il" 

DAVE: Ycah. 

Urnlll. Ihe feu<,C of lag' thing i, going 10 

ADAM: 11\ thcJSP' I' P,IJ;C I 1;,11 ilia) well ha~c 10 be wori..ing oul hO\~ il \\or~, again'? 

DAVE: Wcll y(.u ,hould he bl k around.' a e In rna 'c Ihc code ca~il~ u,ing any code Ihat'., lying 

ADAM: A qU:Hlcr for cach nne thl'n, 

The last line of til t·· ,,' where the whole he 1<IIlSCrJpt seems abrupt .:lI1d unreiateLl. but that wa~ 
for ea h .. cxc ange (and many othcr~ like it) was heaLling "A quarter 

So II 
c on Ie mCam O.25G. or a quarter of an ideal da)"s work I~r '-'ach I',-k 

lC exc lange b~t D ... , ,-~ . I I..: ween ave and Adam arrived at a numerical score for 
ile amount of work involved, which could now 
hand corner of n bl ~ d Ad .' . be written on the top right-

labl d b 
Uc car. <tm. In lact. Immcdiately reached across the 

e an egan writ" . b . developers i tl. t~l~ on some lue c~nb. At the same time. all the other 
.. d n lC: rnet.:!lng heard how thl~ particular piece of wor].; could be 

calflc out. Refercnc", and . d f ta~ks for . I..: remlll ers 0 code already written for previous 
, m an Important component of th h brought new en d" .. e exc ange. The conversation 

c' I" f r s 11110 cIrculatIOn, and at the same time the futufC 
lrcu ,\tlon 0 those C'lrds in th" r • the d "t: glOUp wa~ IOreshadowcd. A traJ'cctory for 

car was eShblished and II' . score) a 'rceLl u' " an a ocatlon of tlllle (as represented in Ihe 
memo b~ard h~\~n .~o ~ha.t later. whcn ~ developer took that tas].; card off the 
C' d', . . l \\ork would be ,>cartoldcd by the tal],; that surrounded the 

,Ir :-. creatHlIl' the can' f' and collecl"v I' . sequences () taking on that task had bcen anticipated 
e y I!stllnated. 

Plan::::g ~~:~:ir~ll~r]';~d the .0~lt.cOllle of flexible dialogical interactions in 
g 0 convel~,ltlons around the wor].;<,tatioll<' concerning the 

" 
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roduction of code. Talk precipitated point estimations. new task card); and 
~rief noles. At the same time. tile collective composed of developers and 
.ard

s 
was somewhat restructured: their relations to each and to Universal 

~'I!re differentiated and the material environment took on a ~1ightly different 

'

'(lure through the advent of new task cards. The cards circulated thereafter 
I a' tokens of thai structuring of group and system achieved in the meeting. 
problems, unanticipated difficulties and i1llp1ication~ eme rged latcr. but they 
were partly framed by a collcctive cognition already dcveloped in the group. 
Talk surrounded the creation of cards. and cards often gave ri~e to much 
more talk. especially arollnd the developers' work table. Developers wrote 
tard ... collected theill. handed them round and swapped them. But a lot of 
work was auached 10 cards. In particular. coming into possession of a task 
tard usually meant working on that task for anywhere between a few hour~ 
and a day and a half translating the brief wrillen description on the card into 

~onle code. 

Nested loops and relations with others 

In 2001, the Deskartes Universal faccd problems familia r to Illany software 
projects at the time. Frequent staffing change~. down~izing of some parb of 
the company. corporate mergers with other software-development 
companies. shifts in management direction, local aftershocks of the dotcom 
crash earlier in thc year. and technical problems in configuring a distributed 
system. as well as ~upporting previous relca~es. were all affecting the 
project. (n 2002. KMS went alit of bllsine~~. although Deskarte~ Universal 
was bought by another company and ih development continued there. A'I> 
mentioned above. the wholc focus of main~tream software engineering 
methods rests on making programming work predic table and ordering work 
processes so that their timing and outcome~ can be steered and measured. A 
mixture of dirferent technical. ~ocial and organiLational cvents tend to resist 
steering and thwart predictions. XP. with its motto of "embrace change:' 

wants to treat such problellls as normal rathcr than exceptional. 
How docs XP make instability and unpredictability tile norm? Like most 

software engineering processes. XP tlivide~ work into phases or stages. Like 
the spiral model of software dcsign, XP's stages run in loops. As the very 
term "loop" indicates. XP works by configuring all softwarc development 
work as programming. e\'en if that wor].; docs not ha\'e much to do with 
programming. Although programming i~ what programmers kno\\ best. in 
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XP. they arc also a~ked to rela~e to so ft ware developmcn~ in another Way: 
their work process IS metaphoncally treated as programmmg, as setting u 
and running loops over lime. Each level of nested loop lakes into accou! 
differen t kinds of unpredictability, runs over different time frames and 
makes use of different ways of organizing communication within the 
developer team. A "re lease" cycle will run between two and six months and 
involves writing stories; an "iteration" wi ll involve programm ing sOlne 

stories and last one to four weeks: a "'ask" will take a few days: and writing 
"uni t tests" (discussed below) and code in pairs will take a few hours. 

XP promises (0 put the system into 'icrvice in the "real world" right 
away, in its first release loop. Beck (2000) writes: ·The ideal XP project 
goes through a short initial development phase. followed by years of 
simu ltancous production .'.u pport and refinement"' (131) . Normally, clients 
run acceptance tests at the end of development projects to check that thc 
software matches their original specification or requirement\. In XP, those 
acceptance tests are run at the end of the first re lease. rather than the end of 
a project. and this fi rst release wi ll occur a fcw months into the project, not 
years later. The question of who would wri le the acceptance tests for 
Universa l and when they shou ld be written was a vexing que\tion for KMS. 
In theory, the customer (a role offic ially defi ned by XP doc tri ne) should 
write them, but at KM S, the customer did not know enough about XP to do 
that, wit h the result that in one meeting, Dave, the coach, came in with a 
stack of printed pages he referred as "the firs t acceptance tests we have ever 
had." Professional Services. the part of KMS thaI would have to actually 
support Universal at cu\tomer sites, had compla ined that there we re no 
manuals or documents. Rather than write those manua ls, the development 
team was itself going to begin writing acceptance tests, from which 
Professional Services could infer what the system should do. 

The "i terations" at KMS were markcd by mectings at wh ich plans were 
made and difficulties and problems raised. These included meetings 
planning the next release or the next iteration or addressing day-Io-day 
problems. Most of the time, deve lopers at their workstations wcrc working 
within that lowest- level loop and marking thcir itcrat ions by adding and 
removing cards from the memo board\. Task cards on the board would be 
taken by developer" and when completed. put into a "ready to be tested" 
enve lope for the testing team. Periodically. Kirsty, the project manager and 
XP tracker (again, an officially defined role: "ee Beck 2000, 144), collected 
all the completed cards and copicd the completion date" and other details 
into the spreadsheet she lIsed to calculate the overall ··project veloci ty." 
Thcse calculations werc u"cd to estimatc the amoun t of work that thc team 
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l eA printout of the spreadsheet 
Id do in the next iteration of the re cas . 

'011 b d \.. .elf was usually pinned to the memo oar . 
II~ 

Exiting the looP 

. h XP racess flow from thc rhetorical figure o~ .programmlllg. as 
LOOps III I e p. I "Ies belween writin", complltng and runnmg 

. ' t that constant Y cyc . "" 
an actlVI y h 'progr'lm executes. A\ previous chapters have 
ad B t loops run w en a ' d d 

c e. u. '. b Iween code as somethino written and rea . an 
d the Interactions C ' . '" XP I 

argue , I ' , led arc unstab le or even metastable. In , tie 
ad s somet un" eXCCll . ' I ' c e a "" . d 'I d sh',r", 'Igain pro"rammcrs themse ves f. , ncy 'Issoctate wll I co e . .• . <0 • 

locUS 0 dagc 
' '1 I'",oly'\ form of agency founded on prograllll1ll1lg as 

dopt an espou\C, WI 1;>' , •. I ' II 'r 
a . . G \ . ?OO.l) If pro"rammer" collcclJ ve y IUIIl lei 

a specii:tloa~t~::.:~ ~t~~m~~~;~~ ~rogr;m bas;'d on loops ex~cllted, over wceh 
wodrk ths how is excculi on linked to production of soltware? How does 
an mon .,· . 

S " I 'n the regularity 01 loops? 
the KM tC<LLll m,lI l1 til • . . J is 'IS Beck (1000) says, "the 

The other gu id in o metaphor lor XP, dnvmg, ' . - I'k ' 
o ' I'k leenng not I e getting 

d'" ~ r XP": "software de\e1opment IS I C S '. . 
para 10m 0 dO' b . ogrammcrs IS to give the 
the C'1f pointed strai"bt down thc roa. ur JO as pr . i 1 
cust~mer a steering"'wheel and .give them fee.dback about e~:~t ~o~kl~:~tl~:~ 

h 
. d" (28) In prinCiple, thc praclJces that orga 

are on t e roa· . f uent releascs of the 
I s includc the planning gallle discussed above, re~. .' . 
oop . I . nplex snftw,lfc deSigns or Mchltectures. 
software, an averSion 10. over y COl . " . 10 codi n work such as 
I; ght limits on working tLllle, and unusual approdches. .g . d 

. od l ip conl1nUOUS IIltegral10n an 
pair programming, collective c e owners I , . If (B k 7000 54) Via 
writing tests for the software before the sofl\~are lI~e . ec - resu'mabi an 
these practices the programming team turns Itself IIlto a car, P . Y the 

. . nc' driven by the "customer" or client. These praCl1ces ar.c 
~~:n::~:I1~ th'ings added" in Beck's charac terization of X~ as bas.lc.alli 

. 'tl a few things added (and hence. an extn.;me acuvlly . 

~::~~i~:I1~~ ~~ lo:erarching metaphor, a loop continucs only .;henhtes~ 
d
.' ~ I B,'I how does a de\'c!opmenl team kno\\ \0,. en t 0.'.1..: 

eon Illons are me . . . . . .) 
conditions have been Illct or that it is headed III the rt~I~~.d~re~~\O~~rord quick 

The rogrammers' env ironment has been 1110 I Ie . . 
.. P f h ther a task has been completed succe ... slully. For Instance. 

recogml1on 0 I
W 

ell p source code created or modified during the cour\e 
at the lowest- evc 00, . ..) I 
of a task (the smallest chunk of work done by a ~rogrammln.g P~II ca.n on ~ 
be cOllllll

illed 
into the team's source code repository when all tie Ulut les. 
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(small fragments of code Ihat problem the main source crnle to see if I 

beh.n-es as expected) for that code and the rest of thc application run c leanly~ 
In XP. a number of crucial relations in the production of code converge on 
unit tests. Firstly, the unit tesb for a given task are written beforc the code' 
completion of the task is conditional on pa""ing thcse tests. Secondly. to t~ 
extent that they accept responsibility for checking that all previous unit te\l\ 
work before adding new code to the shared source-code repository, the 
programmers collectively ··own'· all the source code for the software. lhe 
use of a source-code repository such a~ concurrent ver-,ion" systems (C VS. 
also u\ed by many open-source projects: sec GNU 200-l) ~tand~ at the Core 
of XP since it allows constant and untrammeled ~haring and modification of 
code. Other software-development environments impose stricter controls 
over who can change code and whcn they can change it (e.g .. IBM·s Vi<;ual 
Age re lies on notions of hierarchical prhilcges, code ownership and 
puh lication to control code edit ing). In XP. programmers premise their work. 
on correctly wrillen and functioning unit test\. Unit tcsts counterbalance free 
access to code. Developer\ commit code to the repo\itory only on the 
condition that all exi<;ting unit tests have been pn<;sed. Writing and running 
code in the form of unit tests allows melding of changes to the shared code 
of the system it<;elf to become a frequent and relatively uneventful process. 
The unit te<:.l<; exi<;t as Java code ... hared via Ihe CVS. Without a way to meld 
changes to code. group owner<;hip of source code and <;cripts would become 
unworkable. Conversely. without commonly shared code. the idea of writ ing 
unit te,',ts that must run fully before declaring any task fini<'hed would be 
meaningless. -Before <;tarting a task. programmers retrieve the last \ersion of the code 
from CVS. When they retrieve code from the common CVS rcposi tory. 
developers can presume that it will pas<; all exi<;ting unit tests. but as a IIr,t 
step. they often run all the existing tests to make sure. At KMS. work on 
thcir own task (as written on a blue task card) began by developing new unit 
te<; ts and then new code thaI pa<;<;e\ those tests. Finally. if all went well. the 
tests and the code were put back into the code repository. 

KMS used a simple software tool. JUnit. developed by Kent Beck. to 

automatically rUIl the test\. In JUnil. a <;olid green line shows a completely 
succc\sful set of tests. A red line meam "orne test has failed. The KMS 
developer'i followed the rule of never pUlling program code into the cVS 
repository (maintained on a dedicated computer, the ·'Build Machine:' at the 
end of the developers' table) without having IIrst obtained the green light 
from JUnit. While seeing that green line would not guarantee that they had 
completed their own lask a<.; required (since they may not have writle ll 
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. dequate unit tesh for Iheir own code). it did allow them to gauge Whelher 
;hc changed code had ·'broken·· any exi\ting te."ts. . 

The JUnit te"t \oftware ... how~ somethlllg else Important. Software 

developers nearly always work. on a localized. part of a p~oj~ct. ~t K.MS. 
dC" clopers u<.;uall) "orked on dIfferent parts 01 thc ~ystem In Isolation lram 
he system a<; a whole. Such is the complexity of con temporary lTlultiticr 
~cb-based systelll\. thai only the occasional <.;emiautomated work of 
huildi ng a full rclea\e of Univer\al could bc ~aid to involve the , ... hole 
,y,lcm. Yet work on one part of UI~i\ersal I.learly a.lway'i impinged on other 
part, of the system. Rather ~han JUS[ te\l111g theIr own c~e, devel~~ers 
t\"pically ran all the tesls wnllen to date to en<;ure that hlddcn conillcts 
between changes and OIher part~ of the <;y\tem became visible .1S early (}<; 
possible. Running all the tesl<; before committing code cOll\titUled an 
importallt feature of daily. evcn hourly, work. It meant that system 
integrat ion problelll~ that might otherwise have appeared late in 
developmen t appeared early and often. The practice of te~ting merge\ in thi~ 
example with continuous integration. \0 that production becomes something 
more like continuous modulation. A~ Latour (1996) writes. ··By 
accumu lating little ... oliditie~. little durabi litics, little re~i~tances. the project 
end~ lip gradually becoming \Omewh;lt more rear· (45---46). 

Programming talks code into existence 

Te\ting works again<;t the unexpected \ide eftech of ongoing code chnng.es. 
The green or red line on JUnit quickly \hows if cxi\ting tC\1<; have been 
hroken by someone's newly added code. But running JUnit nS\Ullles code 
has come into exhtence, or that coding wor],; has occurred. ··Atthe end of the 
day, there ha~ to be a program. So. 1 nominate coding a ... the one activity we 
know we can't do \\ithout:· write\ Kent Bec],; (7000, 44). XP play\ down 
images of heroic late-night coding se\\ions by taciturn headphone-cocooned 
programmers buning along on Jolt cola. It replace ... that figure with pair 
programming. 

For programmer .... pair programming. seem\ to be the 1110\[ startling 
feature of XP. It forces them 10 forfeit coding autonomy. At KMS. almost all 
Work on Univcr"al wa~ being done in pairs. but not ah .... ay ... \\ illingly. 
Occasionally, a team member \\ould work away from the group. but u~ually 
nOt 011 coding (the two member\ of the team doing acceptance te"'s. the tests 
that determine whelher the system docs \\hat it \Va\ mcant to do. almost 
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alway~ worked alone). The computing hardware inMalled in the developers 
area reflected KMS's "hift 10 pair programming. Development work \I.'as 
done on 1ap top~ docked 10 an external monitor and network. which lent a 
somewhat temporary. provisional feel to that "pace compared to the hea" il 
organized space at other workplaces (such as the server room at FOtg~ 
Research). Yet it conformed to XP\, grand injunction to work wilh a 
minimum of technology. Various programming <;tyles had to he 
accommodated in the pairing of programmers. Although some program mcf\; 
paired more frequently than olhers. mixing and swapping of partner-., 
occurred. Sometimes laptop.., moved around between pairs. Some developer., 
kept a closer hold on a particular development machine than others: Paul. for 
instance. installed a complete Linux deve lopment environment on a 
machine. including the substantial Enterprise JavaBeans appliclltion serVer 
and web-server components needed to run Universal (that machinc became 
con<; istemly his own.) 

These changes in the workplace setup generatcd a great amount of talk 
about code and coding. Usually programming and ~oflware development are 
seen a.<. soli tary and ccrcbral rather than oral. During a typical pair· 
programming session at KMS. Roger and Pete. a relatively new mcmber of 
the team. paired to deal with a ··dcfcct"· task. Thcy took the card labeled 
··Templatc.java defect"· from the mcmo board whcrc a tester. Mark, had 
pinncd it and moved 10 a machine. Roger took the keyboard and ran the unit 

tests using JUni t: 
ROGER: Right. let"~ jU\1 <;.Ct: how far we go wilh Ihb mvJ Ihen go b;!ck, 

PETE: So Ihere', nu 'p!!l'ific placc for running Ihc ,y,ICI\1'/ 

[A green I i Ill' l'()mc~ up 011 J Uni t. J 

ROGER: Ah. Ihcre we go .. Thi, i\ Ihe \w,ioll Ihal \ho\lld haw c\crylhing 

~uh\liluICd into it. 

PETE: RighI. \0 i, Ihallhe form oflhc lag Ihallhe Icrnpl:l1c [U\C.,[? 

ROGER: Yeah, ITaking a piece of \er,lp pap!!r and ""riling nn it] \Vhal h;lppcm i., 
Ihal you haye a lemplale file ""ilh l\1{hl JSP page~. and in Ihal file il h<.l' all Ihe 
variablc bilS delimilcd by undcr;coTC", So Ihal by Ihe lime il geh rendered inlO 
HT\11.. all Ihe undt'r..core \omelhing or ralhcr undeN:oTC ,hould ha\c been 
convened intn ~(jI1lc\hing real. 1 ... 1 The ""<.I) Ihey \lIb'litutc URL i., Iloob for 
another pieet' of p:Jperl herc il i\. No\>,. Ihi' i~ all right. thi, i, a ready dmwn piece 
of paper Ekron! right. so )OU have a lemplate. you do II,I.Titingl "I = Ile'" 
Teillplale:' And you give il a 'Iring full of ordinary le\l. '" ilh Ihing~ delilllited by 
lllarkeT' Ihal arc going to be ,uhslitUled. 111<11 create, your lempl;!IC. You Ihl'1I do a 

I 
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f;;;.t rctl1 ~ 

'd j ',I 1 Yoo then do SIring rewll' = I.\aloe. I,\'aluc/) which i'i Ihc 
whol: .:

o
•
1 "~e '~~~Il':e", i, the thing Ilhll a<:IlIJlly 'Un\tiLUle .. <Ill the "\lnder~eore 

lIIelhuu 1,1.<; e .. ' ,_' , • 
" ".J'i", undl'f,corc 11110 ,IL\ll.d \alu~" Ihlng) ·n , e 

.1 . h "'c u~ed 10 do il. "hieh i, thaI 
" I Ihat', nol a prohlem ;11 ;111 it' you uU II \ e w,~) . . ,',' 

Rlgh . h I hi 01 ,hin'" th'lI ,oU rc g"IIl!! 10 ,ub,ll1ule, flec.1lI C 
( throuch the iI\ l1a e e'· ,. d 
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yOU g,. - , I" ,,,,_. "b'I'IC:1II, puh il ill <I h:hhlJblc 11le ""a) l,I.e u .. Cu 10 0 
h )'ouuoun~ 0",. ,. . ,d'·· 

w. e~1 a1 you'd go through lhe ha\hlable looking tor ··llllder\cnrc n,lIl1C 0,11 CT,{"or~., 
11" 1 . . d' I h.1 Sorry ",hen yoU lound 11. y<.lU d go 10 II" 
When you lmllld II. you 0.1 g 0 .1 "..: ·d· d I()(,k in here 

, bl' iler:ltc o\cr .111 the k"y', jor eaeh 01 thc ke~" )O\l go J~, . ., 
h'l,hl,1 ~. I hi .. -h and Il.'phce on "under-core nanu' under\COfe lor Vladllllir. 
anddoagn a .. care, ., 

With me? 

pETE: 1\0. 

ROGER: 11.<.Iugh\,\ 

This interaction continued a.., Roger explained to Pete the ul~der~~n~ings 
of the d'efect they'd taken re..,pon~ ibi lity for. Thi~ pai~-prOgrammlngt \~: o~~~ 

r Id 
'k'nd of les~on. Ro"cr and Pete ~at at the computer. bu y 

un o sa~a I " f ent~ofcodcona 
not actually write code for the program. Roger wrote ra~m, . 

iece of a er as he explaineJ a part of Uni\'er~al\ worklllgs, but no worklllg 
~ode cm~ePfrom that. It was only wrilte." so thaI Pete could under<,tand how 

code would necd 10 be written to deal WIth the defect. '.. ~ 
Under<,tandings of the "y<,IC[l1 design. how it works and how II ctln .be 

made to work diffe rently. were oftcn circulated and contested between p~lr~. 
Without an articulation of how the ~y"tcm \vorks. pr~graJ1l11le~s cam;.t ~~~ 

_ . By thi~ simple J1lea~ure. XP attaches talk1llg and Inter.,u JecII\\; 
as ,\ pair. . . . A KMS 1'11k attempted to generate a 
communication to program m1llg. t .' . . ~,t 
shared understandino of \\hat had happencd or should happen III SrOOI"I\; ~'Ir 
, ," . If' d In the 0 ow11lg 
of Universal Thi.., wa~ not always very .,tmlg 11 orwar . I 

,. . . D - I d R ger) tried to comprchenc some 
snippet. a programm1llg paIr ( a~lle an 0 " 
anomalous database behavior. whde Da"c ~tood nearby. 

, I ... \ 1'111,'"1' p<.Irticular linc 
DANIEL: So youlhink it", Ihro",ing an e>;.cepllon allu 1 \<:; 11, 

in thc program code I i\ nol e>;.cculing ror ,ome r~a~OII. 

ROGEl{; Evcn ",h(,11 JBuilder­

DANIEL: JUnil" 

ROGER: JUnil 1\ 
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DAVE: Whdl? 

ROOER: j, polling the .. 

DAVE: Yeah. "l1nally" al\\ay" C'I(cnllc". 

DANIEL: 1 tlon"llhinl.. JUnil has some magical nllllrni o\er thi\. 

DAVE: No. 

DANIEL: Yeah. it", JU'[:1 c1a~ .. lo;ldcr When it imol..c\ a methnd. it prohahly . 
doc, It III 11 "try'" d' .... h·· A"" JU'\ . . an 11 calC. Ilu 1 )()U don I IhrO\~ it up. you uon', e\er \Cc 'r 
nght'! 1 • 

ROGER: Doc~n'l it gin: you a bit more oJ a lpt>rlunnancl'j"! 

DANIEL: 1 don't thin!.. it', going bad. \0 the old tlalaba,c for \\Iwti:\crrca'on. 

ROGER: Well, it nw,1 he. 

DANIEL: Arter the '>Ccond rull. 

ROGER: It must be !>omclhing \\c\e dune. 

DANIEL: [dnuhlfully1 (Xx,h. 

ROO ER II !I1U\\ he! 

DANIEL: Go ahead. try it. 

DAVE: Do you want a ,tand-up') 

Several intcrC"'lin" .'.!r'md' 01· p,' " ..' . . 0 '''' .nr progr,ullIllIng a\ a pract ice mtcrsect III 

thiS example Rogcr and Dan· I I' . ." . . .' • IC were {lscu:-,slng \\by a particu lar :-.ct of Ul1It 
le~h failed In XP !-.l 'ce . h· .. '. . . . . IC .:-.~ Wit uml le~h Implle~ completion of a 
progra '~l':lmg ta~k. In thl~ ~xchange. Roger and Daniel ~truggled to 

deterllllll~ ,:hclher Ihe cau~e oj Ibe te:-.t failure:-. lay in thc dataha:-.e or in the 
way. JUnlt.,ll!-.clf a piec: of Java ~oftware. rail the tests. Daniel argucd thaI 
JUm!. had.n t don~ anythmg ·'m.agi~ar· or hidden fromlhcir undcrstanding of 
!t~c ~nuallon, whde Roger malntalncd that JUn;1 had done "omething Ihey 

dldn I under"I<I.nd. ': fe~v li~les illlo the exchange, Ibe discuv.,ion dropp;d into 
a mor~ Ihe?rellCal IIlqUlry In to how the Java Virtual Machine executed code. 
AI thl'" pOint D'llic aI' cxp'r· 'n· d d I . ", , C H: ce eve oper. entered thc exchange and 
forthrlghlly a"erted Ihal a certain Java code comtruct could only work in 

. 1Il.1 Y a way ... cxecute.... Thl ... allowed Daniel to reinforce hi ... one way' "'F'II' I· ... 
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own intcrprctalion of JUnit'~ be~la\'i{~r. in p.anicular to em phasize the point 
that JUnil could not be re ... ponslble tor their current problem. In response. 
Roger moved to a sligluly diffe rent and less spccific pos it ion. suggest ing that 
Ihe problem mu~t "be somcthing ,.,c·ve done." Daniel rejected this move and 
in tUrn suggcsted that they no longer talk abou t il but actually try it out in 
prJctice. Dave, for his parI. moved in the opposite dircction, invoking the 
collective intellect of the De:-.kartes programming team. Switching rolcs into 
XP "coach"' mode. he asked. "'Do you wan t a stand-up \meetingj?" In other 
words. he proposed e:-.calating the problem into an impromptu but more 
formal general discllssion among the whole development team. A~ il turned 
out. Roger and Daniel did not want that. T hey rcsolved the problem by 

running some code. 
In each of these exchanges, li llie or no coi.Je was written. Yet in 

miniature. each incident stages a conte ... tation around where agency lies in 
the production of software. Small knots, kinks or hitches that snag the 
execution of code loops in the X P proce~~ are not just problelll~ to be ironed 
out. They indicate point~ where different materialiL<ltions of agency arc at 

stake, where who does what i ... decided. 

Timing between development and production 

As well as in~tal1ing gauges such as JU nit to check Ihal looping conditions 
have been met and scaffolding coding with conversation. XP also removes 
some important thresholds and ~tagcs on which other software-development 
processes fixa te. System integration, an important slep in most software­
development processes. docs not figure a~ a discrete ... tep in XP. The acute 
uncertainty fell by software-development temm on the day they first put all 
the components and subsystems togelher disappears. "Will the system hang 
togetherT doesn't loom large because the eOlltinuou ~ integrmion entailed in 
writ ing and running unittesh has pre-emptcd that qucstion. 

It would be incorrect to assume that continuous integration worked 
effortle"sly or thaI XP cleanly produced software where olher method!-. fdl 
short. Many sma ll incidents at KMS .,how the difficulties in tran ... lating 

pri nCiples in to practice, as in the following epi.,ode. 

SANJAY: What was lhe i~'iue then with Eric? 

ROGER: Just ~3"" ,olTIcthing th,lt ~urpri~cd u'> "",hen we up(btcd our file'>. 



160 Extreme programming: Code as prototype ror ~oflware 

SANJA Y: Local copy'! 

ROGER: Yc ... Wc'\,C got a builder .. crip!. and Eric changed the way IhJ\ it w()r"~ so 
thaI it actually (hangc~ the dale of (he file.,. 11 actllllily touche, (he files, 

SANJA Y: And thaI meant that you weren't ~ure whether you had the lalc'l vcr-ion? 

ROGER: Well. it meant we wercn"1 ,ure whether \I.e ~hould check them in or 
whether we should leave them alone. 

This incident concerns whal happens to time during continuous system 
integration. Roger and Daniel had made some changes to the code. ru n the 
te~b. seen JUni l go green and were ready 10 place their work in the shared 
CYS repository. They went to the CVS machine at the end of the developers' 
shared tab le. Just as they were poised \0 commit their changes. Ihey noticed 
the CVS program was marking some files with red icons. They had expected 
to see all white icons. which would have rea1>sured Roger and Daniel that the 
files were all current and that nothing else needed to be done, As with JUni!. 
the CVS program served as a '>ort of gauge. Ihis time on the state of the 
repository, Red icons meant the files had been modified but not committed 
or finally checked in by someone else, If Sanjay and Daniel had committed 
their work at this point. they might have overwritten someone else's work, 
In stead. a conversation ensued in which Roger asked Eric to help him 
interpret the anomaly, [t turned out that due to recellt changes in the scripts 
that automatically build Deskartes. certain classes of files (those "touched" 
by the "builder script") looked as if they had been changed when in fact they 
hadn't. 

Continu ous system integration includes complicated temporal 
coordination between members of the de\'elopment team and shared 
spontaneou,> articu lat ion of cont ingent interpretations of the current state of 
code development. [n this case. red icons on certain build files in the CVS 
repository henceforth only meant that a build scri pt had been run: in the past 
they had signaled the need for action. but in the futu re they could be safely 
ignored, Two points emerge from this incident. Firstly. the proximity of 
developers around a shared table does not arise just from shared values of 
communication or feedback, Without the possibility of quickly constructin g 
verbal agreement on what those icons meant. Roger and Daniel's work 
would have been on hold, They could not have committed their changes to 

the code repos itory without risking overwriting someone else's work, 
Secondly. removing a major ",tumbling block such as the conventional 
system-integration phase means redistributing all the configuration work 
needed to integrate the system throughout the duration of tbe project. Instead 
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of "big bang" integrati on, XP promotes "steady slate" ex pansion of the 

S),~tem , I . 
Work sometimes falls outside the planned XP loops w len executIOn of 

1 
·,s ·,nterrupted or fails, At KMS, itcrations werc not always fully 

thC OOps- , d I ' 
complete before company prioriti~s changed, ?ne mor~~lng. three eve ~?ers 

dd 'n[y 'I<;kcd to build a dIfferent \'cr\1011 (lhe Corp X, branch) of 
were su!,; , , 'I I" Tl '­
Universal <1\ a demonstration imtallatlon for two potentIa c lents, ,lIS 
configurat ion task was not scheduled, on any of tile ta<;k cards that normally 

described work to be done on the proJect. _ ' 
Kirsty. the project manager. had a\ked them to, have the demons~ratl?n 

ready by lunchtime, By just after 10 a,m,. the ma111 table ~as abulZ Wi th 
normal banter. but the three developers seated ulon~ one Side of t~l~ t~ble 
(Adam. Paul and Sunjay) ",,'ere troubled by the failure of ~he d,u"base-

fi guration script s 10 work, They needed 10 fun those SCript s to create 
~~~Ies in the relational databa~e. the part of Deskartes Universal that <;, t o~es 
all knowledge managed by the system, Adam asked the whole team about It. 

ADAI\I. I~houlingl Eh, e<11I !ju~1 get your anenlion for a mornCIl!_ 

ISollle I'-Ilk cOlninuc,_1 

ADAM: And Eric a .. wclL. ,IAlIt'-ll\.. ~lOp~,1 Wc're running thc Corp X, branch al 

the nlOllIcnl, So it',lhc oldcr \er~inn, And wc're h,t\ing prohlem' "'tlh Ihc dat:l~a,e 
Muff, \1'" tt', nOl right Can anyonc think of the rc:t,om _"':hy If ~'e gCl the tile,! 
dlllabasc aeatiun -.cripl" aU the ,ChCIll'-l ani.l Qther ~luff, 11 anylll1flg ha, changed 

- -, thai eQuid cau~e any I"ue~, 

ROGER: Ifroll1the Qther ~idc oflhc ublel Ye~_ 

ADAM: It h<1~? 

ROGER: 11lerc'~ ;111 the ,ccurity ,lUff Ihat', gone in there, IDc\Cribc, "Emity 

Bean~" cQlumn,,1 

ADAM: "11.1, 110. 11 you·re adding colul1\n," il'~ 0\..<1)" it" only trying to u~e n)lumn .. 

that exi\\. But it'\ ",helher lhing" ha\c changed 

ROGER: I'm nQI ,ure if that", completcly lrue, 1 don't undef'.land, You .. houldn'l tlC 

having a prohlem anywa)', 

DAVE: h lhe prQhlem \till jU\l the probh'llllab\C'! 

ADA"~' 'I 'n" 't roHb:Kk c:\ccption 111 EJRLxccption _~I. L~O .... ere 1<1\1 e- ' 

i lI<;ertTri ggcrOnc om ITIunityTab\e, 
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DAVE: In<,enTriggcrOIlCoI11IllullityTahlc'! 

ROGER: Did you run the wI I- h "' I I hil \\ ilh Ihe rollbnd. table. 10 e 1 mg. 1 lOughl you \\'ere jU,1 going 10 CUI out lhe 

ADAM: "10, I,H' JU\I ran the whule thing, 

. ' }OU nccueu Ju~t the problem table. RCXiI:~:R' Right . 1 ." 

ERIC: I"w run the \\'hole script~ 1a>l \-\,<,'e,"" 

RCXiER: The ne\-\, <;criph? 

ERIC: No, for the Corp X. 

DAVE: But Roger \nid hi\ -.crip!" on the main bnlndl. 

ALJAM: Oh. Right 

ERIC: I don', unUer\tatu.ll,lh) you l,Iere un 'hl" ne\-\, branch. 

ADAM: No. it doe,n', matter. 

At t hi ~ poin\. Adam swung b'd; t I program and rwieved ,he d'"a:as' 0 , lC ",;npu,er. srarted up the CVS 
Everyone ebe retu rned to th ,.' . c 'CflPIS rom the Corp X. branch. 
in t hi ~ epi:.ode? How d idl:lrA °dwn \NODrk and conver~a t ions. What happened 

, am. ave 'lnd Sanja 
(apparently) wrong database script? W hal ' I ' I ' y. come to usc the 
about th r' ...., (oes I ll:' kind of epi sode sa)' 

e Ine.tr executIon 01 nested I l' manual ~? ' OOP\ out ltlcd in the XP how-IO 

~fhe status of configuration work' . h interest to sociolog i ~ts' d' h .. '\ tOPI,C t at has been of substantial 
,,1Il ,lilt ropologl~t~ 01 techn I . . 

in X P. The th re d 1 . .' 0 ogy. remalllS uncertain 
e eve open. tn tillS case happr> d be . 

configuring a slightly d'fl' . . ' , I e to workmg on . I eren! versIon 01 the ~y~te Tl . k . 
less invisible in \1 XP ,.' . m. liS wor - IS more or 

g
et thi' s',me br"'1 Prokc~ss tn .severa l respects. Weeh earl ier, trying to 

commercial soft th Bel 1 an upgraded version of a piece of :'0.< anclwor"tnowtl 
, ware ( e EA Webl og' r' his face in h' h d J ~ 'IC app Icatton ~er ver). Roger had put 

., t~ an s and said somewhat despairing ly "W" I 11" 
In other words ,td hr' ' e re In setup le . 

Alth h I 

.. < - 0<: con IguratlOn \'v'or\'; has no official statuS in XP. 
ouo tlere may he In for ' . f' . ' ~ .". m"non con ,guranon guru, in an XP team (Erie. 

or l11~t,lnce. knew a lot 'Ibo t . > • appl ication ,erve<' on whic;, U'~iv:~n,~g ,tnd 
configuring 'he proprietnry 

dialogical patten" 'hat XP s,' rc lCS). none of the loops. tcst' or 
harmful " t". promote" expltcilly address configuration, Like a 

go 0 statement COl f" 0 . • 1 leurallon work can produce wn!!les, -
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(",foguration work or ",e'up hell" ince"anlly Ifoubles sohwarc ,y"em
s
. as 

.~iI "' many other technical practices (Suchman 1987). In this episode it 

i,,,rruplCd the ne"ed looPS of the XP ,ohware·de
velo

pment proce" fo r a 

Setting up a demoo"ration io"a11a,ion of the ,ysrem coo"""e, a lot of fe\\ hours. 
,ergy and force> a jump out,ide the nest,,1 looPS of ""k. itera,ion and 

:,I",e. If we regard configuration 110rk no' 'IS ,00110 unlucky contingency 
,ha' ""falls code from ,I" ou"ide. but"' p,ut of the normal course of eveo" . 
• h" docs this episode ,how? In some respects. XP attempts to sidestep 
co,f,gura' io

n 
work by maintaining a common ,ource code. a fu11 ""d 

,utoonaled sCI of on it teS". and. less cleady. a '" of configuration 
"Iormatio

n 
(,uch as dalabase scripts) consi"ent with the source code. Like 

the ..,yntax of a programming. language. thc~e formal a..,pcCIS of XP ..,oftware 
,C'elopment >ldl emphasize production as a ,ingle process. However. while 
Ihe common ..,ource code and fully running unit tests eliminate ..,ome 
cnnfiguration problems. other configumtion work remain, disruptive ,,,,d 

unruly. 

The problem of the doppelganger: 
Simultaneous versions 

On Ihe morning in question. the work of the three developers lay on a 
different branch than the work of the main team (Ihe term "branch" refers to 
the way different \ersion..., of the sou rce code are stored by CVS. the code 
repository software), The Corp X. branch was a differenl ver...,ion of the 
sy~tem being developed at the same time as Ihe main branch. Work priori tie..., 

had unexpectedly been ~\\ itched onto the neW branch by an oU lsidc 
mterruption: a customer for the Universal system had been promised a 
demonstration by midday-almost as if \0 provc the agility of the software 
team , The system configuration problems arose when the team stepped 
outside the planned XP loops. Wherea ... XP predicates the release of a quick 
succession of \ersion .... it dnes not envi ... age sitllullaneo

llS 
execution of 

different loops. How does XP handle a request for different v(;rsions of the same system 

allhe same time'? After an hour struggling {O get the ..,y...,tetll up and running. 

Adam asked Dave for help. 

ADAM Dan;"? 
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DAVE: lIelio. 

ADAM: h there :Ill)' d1<lIKC in gelling ever 'lhin '\\ '", ,,' 
!ll3chmc lhat either you ur Eri . ( I ' . h) .!! or"lI1" 1.1\\ \>,cd. tor u, un this ~ \\ 10 1\11 I cn~ allh~ tllnnlcnl) . 

KIRSTY: [proJl'cl manager. q,lIUJlng hchmd the dc,c!o··· I" . h "~,' ,-.nc,,\ (,TC 

ADAM: ... could ha\c updated <lnythmg on our 11" h' .' 
ma(;hlllc. about lhal Urgency [a feature of 1- _I,:\C In~. Ih~ J;l\;J \ourn' on our 
prioritized a~ urgent) orlhc nulinc",', 'I nl\('r,;I} Ih.[1 ;dlo"", qllcrie'> \0 be 

.. 1 n. 

DAVE: No. Ah. we didn't actu<ll1y h thc ".,hole \lcck. ave anything to do wilh I'Ihal yOll were doing 

ADAM: There', going tn come a point ri,1 I' . ),el. We've gUI difference\ nn our n",-h·,"o: 1I,",",lcr('. v..c!l. \\.c \c not CH~n applied it 

nd we Ie nOI m;Jde Ihme eh;Jnge~. orp . rane I 111 CVS. 
A

. ",- c.,, erenllolheC X h , 

DAVE: On Ihe J;Jva code? 

ADAM. On Ihe Jal;jcooe. And we'le nOI madc Iho'c dtange" 

DAVE' [ I" I ,. 10 ~nc Old you change ;111) code on Adam', madline') 

)' c e on 1~ muchmc',1 ERIC: Did I change an od h 

, ,len }OU ",ere gelling .. lUff working. ahoul Urgcnc). ADAM: La~1 week wi' ' 

'" ucC.IU.,C e "'a, al Corp X DAVE: He couldn'l h(LVC done il on rrid", "~ " h 

ADAM: On an) day. 

ERIC: I wouldn't hale done anything on your machine (In)wa)'. 

ADAM' It" I' . , .., not. m nOI pomling a fingcr or an thin B 
d1TCc tly on my macJllne. He might haH' ch'l1l"~" 'h' J' god' [ Rl ",a, doing .,lUff , t-'"U "alac c. 

ERIC: I wouldn't change it. Well. IlO, il ",a . .,n'lmc 

[Pau~e.l 

ADA!'.I[lo Dal'e and I:ric. who are .,min' lie; rh' , " ' all worh and "": commit ",hal r" g \) 1·1 mean, ",or\l·ca,c ,cenarlO i, il 
\C got on my mach1l1c ullolhal hranch "f [Corp. Xl 

DAVE: But thc ",hole que.,tioll remain., of ,,"" il gOI ~hang~d, 
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ADAM: Well. more, why and ",hat ebc has been changed Ihal wc don'l knoW aboul 

Ihal ",c're going \0 commil into CVS 

I 

DAVE: Did yOU dO;1 commil Friday') 

ADA!'.'{: r Ic nol done a commil or ;LJl)lhing wilh Ihe J,Lla '-luff The J,I"I\luff hll" 

worked finc. 

A bit later. ;:lftcr the dc\'eloper'> lI"awled through more Ja\;.\ filc'> on their 

machine, {he epi ... odc continucd. 

ADAM: Wc',c ju'l donc ~ diff III Lh:l1lgc Ii_ling uiff~rcncc, hcl",ccn .. (luree c()d~ 
docUlllcnt .. ] bcl'H~cn \\h"I', nn lll~ nl;Khin~ and wh:I(" on Ihe Corp X. t-ranch. 'lnd 

Ihcre', difference .. , 

ADA!'.I r ,c only wcn ;1 differencc onlh..: Qucry EDA 

ER IC" I. 1 rccul Ihal, IPlIu,c.1 1 ~h'l1lgcd Ihe Quer)' enlily :lnu eOllllllillCd Ih;ll un 

Thuf',J:l}', I made cll,Lngc, 10 gel illO work ",ilh the Corp X. brandl. 

AtJAM: RighI. cooi. So wc'relu,t l1!;lding CVS wrong. Which is bclluliful. II tmlkc\ 

pcrlec\ ,en'C. All "'C'\'C g0110 do then ... in facI, we can just do "gcllate,I:' 

In thi ... :-.econd sccne. again re,>oh'ed by a changed interpretation of the 
code repository, more people \.,.ere drawn into thc incident. Rather than three 
developer ... (already one morc Ihan the u,>ual programming pair found in XP). 
fi ve or ... ix people were involvcd. including the project manager. the team 
leader and other de\'elopcrs. The XP ,>elup of the work..,pace, with nearly a1l 
the developer~ ,>eated ,tround one large oblong table, '>taged and accelerated 
resolution. Once again talk. triggered by an ob~tacle, el icited recollection.., 
and altern ative interpretations of the configuration of the development setup 
(CVS), which e\cnlually allowed ,\ configuration prohlem \0 be re'>olved. 

The upshot 

Se\'erai '> triking features of ,>oftware production and the contemporary 
code,>cape emerge from extreme programming. Fir..,tly, the potential 
significance of hand\vriuen index card,> in XP should not be underestimated. 
AI KMS, Ihe card,> ".ere simple bul cffecti\e contrivance'> for '>pecifying and -
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keeping track of work iJonc on code hy different people at the same lime 
acting a~ lightweight. mobile yet local tag" that indexed shared 
u~l(jerslanding~ of what Universal would do. They knitted together a very 
dl<,parale set of worl-. processes and orchc<,lratcd the temporally complicated 
work of developing distributed !ioftware system .... Without the cards, the 
nc<;tcd-loop structure through which work was organiLed at KMS could not 
have been maintained. Taking ... wapping. signing-off on and pUlling baCk 
card,-thcse acts made visible marker.., of work available to everyone. They 
allowed vi"'ll::!l. almost immediate appraisal of collective work progress. 

It i ... a ... if ... oftware de\elopment ihClf has withdrawn into earlier 
computational mechanisms like Hollerith tabulator~ or punch-cani 
machine~. The emphatically limited circulation of the cards. that fact thm 
they could not easily be copied or handled away from the hands of the 
programmers. effectively co-located the production of software into a single 
room. Thi~ channeled the tendency of code to move about into se lected 
circuils. XP in~ists strongly on the value of co-location. e\'en a~ it \vorks on 
software that might be itself highly distributed. The artifice .. used to 
coordinate the work of software development- unit te~ts. card game,>. code -
repo~itory-directly address the problem .. of bulwarking coding against an 
un~table background of economic and organizational change. Something a~ 
simple as a set of cards in conjunction with a small piece of software like 
J Unit can be uscd to synthesin forms of practice that inhabit organizational -
life differently. 

The metJphor of programming graft .. onto software-development 
processes because il linJ..:s software development to familiar. embodied 
practices of programming. While XP is spoken about in terms of 
performance. and progress is measured in terms of "velocity:' XP reduces 
exposure to many outside influences, especially the management technique<; 
present in other formal softv,.:are-development processes. This ha~ 

consequences for how programming and coding work are understood morl! 
generally. In an analysis of how artificial intelligence (AI) researchers used 
\\hiteboards. Such man and Trigg (1992) suggested that 

like any product of ,killed practice. the fnrmali,m in,,:rioc-d nn the hoard ll'a\e~ 

hchind the lugie of iI., oVvn production and u~e. wen herc a~ l'ollaboratilc aaftl\ork 
nf hand,. cye,. ami ~ign,. !lUI Hnal),e" 01 \itUalcd pral·tin> ... puint to the 
cnntingencic.. uf practical aclilln nn Vvhich logic· in-u\c. induding the produc1ion 
and uw of sl."cnarim ,md forrnali'l}1',. inCI it,lhly ,l1Id in nay in\tancc rclic~. (173) 

Suchman and Trigg wanted to counteract ab~tract models of mental 
operation predominant in AI research with the eoncrele. localized and 
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embodied practices of AI re .. earchers. Through lheir analy"is of craftwork in 
the production of AI modeb. they "alight to render \i~ibk the dark mailer of 
AI research. e\pecially as it transpire .. in the course of con\'er~ations and 
whiteboard writing. horn a different direction. XP doc ... something similar 
for software developmcnt. Rather than lea\ing "behind the logic of its own 

roduction and use:' XP effectively turns the coordinated craft work of 
~ands. eye". key" ... creen and sigm into the ba ... is of a situated practice that 

resists forrnali.,m. 
As an extreme activity. XP pare\ back "oftware-de\elopment projects to 

programming plus "a few small thing ..... The few "mall t~)ings include card 
games, talk. unittc'>ting. code ... haring and pair programmlllg. In ,>ome way'>. 
XP formalize., what would otherwi~e have remained relJtively invi~ible. 
informal and negotiahle. There's something. ironic in u~ing the metaphor of 
"extreme" for a "lyle of programming that makes inter~ubjective 
communication the central acth ity of production. Like extreme "pOrls. 
software development and many other collaborative activities do face 
relatively unqahle and ri\J..:y environment.... but XP explicitly tackles the risJ..: 
in software development by not armoring it .. elf with heavy formalism~. 
Through its nested loops. it put... flexible organiLalion of lime at center stage. 
As the "setup-hell" epi~ode illustrates. engineering project ... including 
software-developmenl projects. do not deal solely or e\cn principally with 
physicJI or technical risk... Much more than technical ri .. k. the projection of 
dialogue. argument. agreement and evaluation onto software production 
through the \ens of programming rnove~ communication into the hearl of 

maki ng. 
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Conclusion 

Howe\cr. henealh Ihe jabric(lting and unl\'cI"oal ""riling of technology. opaque and 
stubborn placc~ remain. The rc,ol\llion~ of hl'lory. economic nlu\(llion,. 
demographic nli)(lun;~ lie in !aycr~ ",ithin it. and remain then;. hidden in cu,(OI11" 

riles and 'p:nial practice, 

de Ccrh:au. Til{' PmrtiCI' nf EH'ndllY Ufe, 1984. ::0 

What can be learned from '>IUdying ..,oftware'? The introduction (chapler 1) \0 

Ihis bool.. suggc'>tcd that making an ontology of ..,oftwarc would could 
heighten sensiti\ ilies \0 one contemporary ..,ile of mutability. contingency 
and necessity. It argued thaI software is a symptomatic present-day objcci 
that leads a complicated. circul atory Cx.i<.tcncc. Software is a neighborhood 
of relations whose contours trace contemporary production. communicati on 
and con~umption. Code is a multivalent index of the relation:-o running 
among different classes of entity: originalOrs. prototypes and recipienb. 
These elasscs might include people. situations. organization~. place~. 
devices. habib and practice~. In code and coding. relations arc assembled. 
di~mantl ed, bundled and dhper,>cd within and across context'>. Such relations 
are inextricable from agential effecb. from some asymmctry beh"ecn doing 
and being done 10. Indeed. agency is nothing witholltthO'>e relations. 

Many of the situations I've discu~sed center on very ordinary ,>oftware 
(RAMOSS. Java code, Deskartes UnivcNI1. Perl poetry, the quicksort 
algorithm). Here is some Java code that belongs to the ordinary software, 

OpcnOffice \.I (OpenOfficc 2(04). of which I am a u~er: 
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~1:~IC"ICd x ~ 1 ul! iC omponcnl Factory gc\KcnmlCScTv in~M anagcr( 51 ri 11" 
_. 0\\.\ Java.hlng.E:\ccption ( "' ullllUrl) 

1\ (XRCmOlcColltcxt = nullll 
~~ Fif~l \\Cp: creale local component cnntc:l.l. get loc,tl ,en iccmallagcr 

1/ i;:~crf;\~CW creale a Un()UrIRe~ol\'cr object ",ilh an XUnoUrIRc,n\vcr 11 

XComponcntCnntexl xLocalCul1{Cxl == 

cnm.,un.~lar.COlllp.hc1""f Boot ,,". XM I'C 'ow - ,trap.creale IlIlwK 11l11pOnCnICnnl('\1fnull)' 

u \I OIll\Xln<:ntFat-lOry xl.ocalServi<.:cManagcr == ' 

\ Locale Ollie,," getScrv it:eManagcr(); 
Objed ur!Rc\ohcr - ~L()caIS' - M ,,_ _ . Cf\lCC ,uwgcr.crcateln,tanceWilhComcx\( 

cnlll.sun.~tar.bnd"e.lJlluUrlResol'·~·" ,-, ,,(' f!' eo' ",. A ,oca onlexl)" 

q.llCT), XUnnUrlRcsoher inlerfa~'e from urlRe\()h'er objed ' 
XUnoLrlRcsoh'er xUnoUrlResoh'er '" (XUnnUrlRe,ol\er) 

U noRu III imc ,query I ntcrface( 

II S 

XUlloUrIRc\ol\'er.cla~\. ur\Re\ol,cr)' 

eeond -rep' u,e \UrIR'· I ' , ' 

II S

. ,. e\O \cr mter ace to impon the remote 

en .ceManager. 
If retric\'c it~ property DdaultComcx! an' . , . ' 
Oh)ee! ini!i(ll0bjcd = .... UnolJrIR"\ol' ,,~gc,"'.,e rcmote \en·lcemaIUiger ~. ~,.,e'll IC unoUrl)' 

XPropertySel xPfIlpertyScl '" (XP' .. Xl'ro""rt)Sel"'" ,.,' lOb. ropenyS
ct

lUnoRunlll11e.queryllllcrfacc{ 
. "_ . d _ . "I W ~cct): 

?Rb;,e,,',o' "oc~tex,1 = xPTxopcnysct.gcIPfIlPCrt} Value( "DefaultConte>.t"l-
" C on eXI = (COni"" Ie u ' X ,.._llen ontext) noJ{untimc_4Uer)lnterlaee( 

COlllponentCOlllext.d,IV" con text): 

I 
relurn x \{cmoteCOlllext .gclScrv iceManager( ): 

I 

H ' ' OW, In lIghl of the argument that cod . . . 
agency, could Ihis be read" II' I bl' e. IS mllmately patchcd into . IS rea(a e and W 11 I d'ff 
appear at first glance Fo' ,'",t ',oc I'. 1.1 :ss 1 tcully than might ~ .'" e, any Ine begmn . I II' 
meant to be read b lng Wit 1 IS a comment 

• y a programmer and n .\ r . 
that mark out different sub- I'M' 1. ny Illes contain curly brackets 

sec Ion,. ostly hov.:ev'r h .. 
bc read, or only by < .. ~ '. l: ,suc wfltlllg would not 

,I ICW people. Codc woven . t h b 
tran<;aclions. habits and perce tion. d ~ . . In 0 t c .. ackground of 
brcakdowns. failures 'll1d al p .. > Ol:h

S 
not often become vl'lble. except in 

. , cel t.1lll ot er moments N ,I 
does becomc visibly important d . '. onel1C ess, software 
bo~k ha, examincd. from ",er:',' ~~rh,:,::,~ngu'.ar n: Ih?,e ,i,"",ino,Thh 
ltlvISlbility tn 'bl . pe pe s. tlMt tr,mSI\lOn trom ordllnry 

VISI c Illlportancc. • 
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Agency, materiality and sociality in software 

According to Patrick Mahoney. Ihe meaoing of the ler", ",olh,are:' which 
da

l
<' from ,he laiC 1950,. grmlua\l) became nanov"r around 1960. \Vhal 

had inc\uued Ihe proceuure, and praClim a"ociated wilh coding ,hrunk to 

code i"elf (Mahoney 2002. 27), My anempl to ,,'y what ,oftware i, run' in 
Ihe wrong direCiion. ']V if il had a counlCrhi,,,,,ical bec'" i,,,(Cad of becoming 
more preci". il bceomtv broader. Code kcep' turning inlu coding. and Ihc 
biography of ,oft ware keep' mingling with the Ii,,, of p..ogram

m
"'. Thi, i, 

not a bad thing in ~oillC way<". and it illeans that we call read thc codc shown 
abovc with refcrence to a compo.,itl: ficld of relation .. thaI refuse to be 
corralled or claS"ified according to essential propertie<., and attribute~. Tlm;:e 
primary face" of the composilion of ,uftware can be found io the code 
frag

mcnt 
abO\'c: agency. matcriality and ,ociality. Thesc three conccpt~. 

widely di,cus"cd in much rl:ccnt ,ocial and cultural theory. comc into 
question in and through ,oftware. Put simply. thesc three general concepts 
frolll contemporary social theory arc: (I) agency. thc conccpt of who doc, 
what: (2) materiality. or what counh as the basic \tuff that exish: ,lIld (3) 

sociality. the concept of how we belong togethcr. how al1<1chmcnls form and 
coi1ecti\'e social life cohcres. Agency, malcriality <Ind "ociality arc high-Icvel 
thcorctical abstractions that cro..,s ,ocial and cultural debatcs o\er the 
polili". work. lechnology. prouuClion and eon,umpliun of the I,,,emet and 
communication,. Soft\>,-are, it ~holild be elllpha"ized. only rcprcsents onc 
way to revi,itthese concl!pt", albeit onc that yields interesting re<.,ulh. 

Chailenge" to convcntional notion<., of agency emcrgcd in social theory 
over the last fcw decades. In gcneral. challengcs wcre motivated by the 
desire to undct''>tand why social and cultural changes are hurd to prcdict or 
control. Agency secmed not to bc whcre it should: it didn't change enough, 
people lacked agl!ncy. The conceptual target of thesc theorics has been 
understanding, of agl!ncy based on mental ~tates such as intention. 
Intentions as the origin of social actions have becn replaced by 
under..,tanding<., of action'> emerging froill networks of relations between 
bodie,> and things (Clark \997: Latour 2004: Law and Ha'>sard 1999). 
Occasionally, an intention does ,olllcthing. but that is un exceptional cvent. 
How doc'> a relational vic\\- of agency in <.,oftware emerge from examination 

of the COIl<.,lruction. de'>ign, circulation and operation of code? 
In its apparition a<., new Illcdiu, ,oftwarc has becn representcd and 

undcrstoOd through different attrihules and propertie<., such a'> 
hypenextualit). ,inualiIY. in"ractivity and digitality I,ee Li"er eI al. 2(0). 
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introduclOry chapter; Manovich 2001). II has been a,>"ocialed \\ jlh proccs~es 
of iden tity formation. new 1ll0d~'i of production. commodification and 
con~uJl1ption (in the digital economy). and sometime'.; as a reinvented publ ic 
sphere (Rhcingold 199-1.). The';c conceplUalinliol1<'; of software carry wi lh 
them notions of agency. either in relation to what software does as a 
technology or what people do with saflwarc a" they make or use it. In this 
situation. where software is <;ornetimcs a force and ~omclirne., a tool. What 
place doe .. code have? What does it do? 

The scenario from Sll'o,.(~ris" (Sena 2001). in which Ihe gifted hacker 
Stan goes to work on a cryptographic system. illm,[raled the relalive opacity 
of software as a cultural object (chapter I). Some of the more awkward lines 
of code in my ~elec t ion above (for instance. the fir~t line: "protected 
XMultiComponentFactory getRemoteScrviceManager( String unoUrl) 
throws java,lang.Exception {") exemplify thi<; opacity. A~ a material. code 
has this opacity because it link~ different actiom in intricate patterns. In the 
first line. ideas of making (""Factory"). thing~ C'Component"'). quantitie~ 

("Multi"), distances ("Remote"). availability ("Servicc"), retrieval 
('"getServiceManager'"). control ("Manager")' writing ("String"). network 
media (the Internet, in "unoURL") and unforeseen contingency ("throws ... 
Exception'") cluster den\ely. The multiplicity of relations a<;sembled in code 
triggers an unpredictable dynamism that intricately alters our ,ense of mailer 
or st~ff. In a recent address to the Association of Computing Machinery 
SpeCial Interest GroliP Graphics (SIGGRAPH). science-fiction author Bruce 
Sterling said: 

Lislen 10 this: ProE. Forl11Z. Catia. Rhino. Soli,hvnrk~. Witi. btuetomh. WiMax. 
Radio frequency lD chip, . Glohat ~nd tocat p(),itioning syq~lm. Digital imcntory 
~)\tCI11'. Cnldlc-lO·cradlc production 11l~th{)(h. Design tI)r di\:.J'~"11lh[). Social 
\oftwarc. cu,!Om~r relation, managenwnt. O~n 'ourel' lllallufal"1uring. 

These Jig,nl'. piece, are snapping together. They creatc a pie!llfC. the picwrc of a 
new and different kind of ph)"~lcality. It\ a nc\\ rcl:uion,hip oclween hum~n., and 
objcch. (Sterling. 200..\) 

. The "new and di~Terent kind of physicalily" ha~ been emerging for a 
while now. Its dynamICs are strongly marked in the way software or code is 
produced. circulated and consumed. These terms. and the framework of 
analysis from which they originate. \lart to hreak down in software. 

Any physicality or material it) is also ~ociality. Although \oftware 
structure.. and manages information for retrieval. transactions. 
communication and control. it al"o deal, inten,ivdy with sen..,ation and 
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perception .(sec also th~ notiol1 of "blip~" in Fuller 2003). In .c~mmonsense 
understandmg,- sensatIOn and perception. let alone matenahty. are not 
-ntrinsically political or social: they are ju"t givens. the stuff of experience 
~nd of the world. Much recent social theory ha, que!'.tioned this 
understanding of materiality. What counh a, mailer. and the outlines of what 
we touch. ,ee and hear. are now regarded as a social-hi<;lOrical lone of 
contestation (Crary 1(99). Perceptions of materiality and the materialities of 
perception figure centrally in relation to .. oftwa~e. Ju,t a, it can be seen as a 
contestation of agency. of \\ ho does what. sohwan! can also be Si!cn as a 
rematerialization of existing media (book ... comics, films. catalogues. 
notebooks. calendars. newspapers, magazines and albums). It affects i!xisting 
habits of looking. reading. touching and hearing (Bolter and Grmin 1(99). 

While these shifts arc difficult 10 read dircctly from code (some 
practices of contemporary coding do offer extremely interesting ~ointers): it 
i ~ possible to ,ec how code ,hifts sociality. or the nalLlre 01 collective 
belonging together. to the forefront. Socialit) is a theoretical term for the 
relations that make social formation' and groups. Like other media. ,oftware 
makes sociality pos,iblc. But sociality. like materiality. is not given once and 
for all. A "principle of uncertainty" (the term comcs from quanlLlm 
mechanics and Heisenberg', uncertainty principle) applies to social life: "ifs 
a principle of uncertainty about what the collective i ... made of. or will be 
made 01'." write Callan. Barry and Slater (2002. 288). Sociality is mutable 
rclationality. constantly challengi!d. 1ll0biliLed and tram formed. Collective is 
nOi given. but contested and <;ubjccl to reiln'cntion. 

From this general perspective. a primary object of software de,ign and -programming. work is sociality itself. and how sociality can be tram formed. 
redistributed or deployed. A, ... oftware expanded since the mid-1990s 
(particularly through the Internet and the wcb). onc relation that surfaced 
concerned who could acccss what information under what conditions. The 
general promi,e of the Internet i, accesS 10 all lornb of intormation. 

anywhere. anytime. The lines 

Object \lrIR~~ol\er = 
"LocalSen iccM anager.crcmc t n,tanl·C Wilhe (Int"x t( ·\·Otll_ \U1I. Mar. bri dge. L· not..: rl Re~ 
olver". d .{)ealCnntc)..t); 

indicate some of the complications of access. and. in particular. how 
access is accompanied b) many mea,ure\ sceking to regulate flow ... of 
information. In these line,. a URL i ... treated as a point of accc"" to a remote 
<;ervice manager. a body of code that will provide or offcr certain 
Coordinating functions. Within this line. a naillespace j, embedded (in the 
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form of "corn.sull.star.bridgc',) to prmidc a way for the code to find a 
remote service manager. I f ~oftware is central to Ihe con'otruction of 
increasingly complex barriers, Ihrc .. hold<' and ga\eway~ on the web. code and 
coding can begin \0 provide a different perspecti\c on the topology of that 
space. Differential access could be used \0 generate economic, political and 
\ocial value. as is well knovvn. 

Perhaps morc importantly. we can see within code how communication 
itself becomes a productive force. The poli tical thcoriq Paulo Virno (2004) 
v. riles. "When 'subjective' cooperation becomes the primary productive 
force. labor aClhilics display a marked lingui"tic-communicati\c quality, 
they ctHail Ihe presence of the others. The rnonologic<ll feature of labor dies 
away: the re lationsh ip with others i:. a driving. basic element nOI something 
accessory" (63). Code written in Java or other programming languages (such 
as PerL Javascript Python. PHP. Lisp. and C++) was the primary means of 
constructing differential access to information and communication during 
the 1990s. bu t coding also permitted a wide variety of soc ial relations to be 
"introjected" (V irno 200-0 into the web as a primary site of information 
access. Scanning the lines of the code sample above. the prevalence of terms 
such as "manager:' "service." "resolver:' "helper:' "context:' "query:' 
"interface," "remote" and '"local" suggests just how bas ic cooperation has 
become to the very fabric of software. Code dissolves and crystallit:es the 
presence of others. 

Ordinary and singular coding 

Everything that happens is an event. Notwithstanding [his general evel1thood 
of things and situations. some events are ~ingular or important while others 
are ordinary. Events have different consislencie~ or t exture~ that arc oflen 
hard to discriminate. None of the per~pecti\'es on software I've developed 
here are particularly sweeping or large scale. In fact. one of the principal 
trait ... of the software ontology in thi ... and other ~Iltdics such as (Fuller. 2(03) 
has been its tendency to re-focus high-level concern ... about proces..,cs of 
abstraction and global networks of information onto mundane 
experimentation with platforms. protocoh. intersllbjective relations and 
project managemenL It is interesting, however, to treat thi~ tendency for the 
ontology to collapse on itself as a relevant symptom. Antonio Negri and 
Michael Hardt (2000) assert. "The anthropological metamorphoses of bodies 
are established through the common experience of labor and the neW 
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technologies that have constituti\e effects and ontological implications. 
Tools have always functioned as human prostheses. integrated in to our 
bodies through our laboring practices as a kind of anthropological mutation 
both in inclividualterrns and in terms of collective sociality" (217). Foremost 
among the.,e. coding as contemporary labor practice d isplays enormous 
ambiguity. 

On the hand. a<., the scene from Swordji.slt figured it. coding work is 
highly valued because it is somewhat arcane and otherworldly in its 
abstraction. Agency i<., attributed to programmers on the basis that their 
mental effort i<., distinctively inventive and not generally avai lable. The 
agency of programmer ... as originalOrs is also figured in some of the software 
art discu..,.~ed in chapter 2. Correspondingly. the figure of the programmer 
has altered since the mid-1990s. A comparison between Dennis. the systems 
programmer in the film Jurassil' Park (Spielberg 1993), and Stan. the 
programmer in S\m/"djish (Sena 2001). two films separated by almost ten 
years and the growth of the Internet. indicates some importan t difference<.,. 
Dennis is oven ... eight. self-ab<"orhed and greedy. Stan is fit hut poor. and 
concerned about the perniciou ... effects of Hollywood on hi<., daughter. 
Dennis eats junl-.. food: Stan knows tai chi. wine and cigar<.,. The work of 
programming is also figured differently. Dennis'" sy<.,lem i<., complex and full 
of bugs. as if he represent.., rnass-marl-..et software-industry applications. 
overburdened with features and effects; Stan's work is elegant and <"imple. as 
if il represent<., the programming of distributed web services, minimal in 
complexity yet highly effective. 

On the other hand. as chapter<., 4. 5 and 7 argued, the agency of 
programmers as originators is managed. conte ... ted and even itself 
commodified in various ways as the work of programming becollles more 
widely relevant. Neither film scenario says much about the nature of 
programming work as a soc ial proce:.s of cooperat ion. In Ii ollywood's image 
of programming. software is produced by individuals. But U'i my 
examination of ..,oftware developme nt has shown. the organization of 
programming work is actually a ... ocial-cognitive proces~ replete with power 
relations and economic value. Programming work i.., constituted and 
accompanied by its 0\\ n ~tyle of organi7ing coding. The development of the 
Linux kernel was characlCrit:ed by a distributed. concentric circulation of 
code spiraling outwards and gradually becoming less adaplable as it fell 
behind the expanding perimeter of lile<., that repre~ent the latest kernel 
ver..,ion. The mobility of the Linux kernel. ported to many platforms and 
found in many distributions. wa~ predicateLl on the Unix philosophy and 
expressed in its architectural features (file and proces~cs) and work etho~ (a 
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system for "programmer convenience"). In contra.,! to the dislribuled space 
and time of Ihe Linux kernel. Ihe Java Virtual Machine and Java 
programming language mobilized the ideals of cross-platform mobility in 
the promise of virtuality: "Write once. run anywhere:' This promise linked 
coding as something programmers and software develope rs do to code as an 
executing process. Taken further. software-deve lopment methodologies Such 
as extreme programming seize on this relation between coding as work and 
code as executing process and turn cutting code itself into the c)(ccluion of a 
program carried out by programmers. Highly recursive. extreme 
programming treals "the program" as both the object and model of work. 

Program as ideal repetition 

[s it a problem Ihat what started as an account of 'iuftwarc (based on 
methodical attention to the status of a single material. code) ends up mostly 
investigating coding practices? Software is sornetimes understood as a 
program. The very term fo r someone who makes software. "programmer," 
embodies this notion. The pt!rceplion of coding a.-. a programming relies on 
an idea of software a ... program. The program is a highly problemat ic 
figuration of sofnvarc for several reasons. Rendering software production 
predictable has been an important goal of software engineering hee chapler... 
6-7). Firstly. as we have seen. programming work itself cannot be 
disentangled from ideas of what software should do anu how it should 
behave. Secondly. what j .. often regarded as the di~tillation of the formal 
e~sence of software. Ihe algorithm. hides unexpected complexities and 
inconsistencies (see chapter 3). Rather than the abstratt relations and 
operations on set~ of entities envisaged by theoretical computer science, 
aCllwl algorithms display a composite or mosaic texture Ihat concatenates 
different regions and neighborhoods of relation". It i" hard to argue with the 
belief that algorithms embody highly refined. often forrnali7ed repetition~. 

However. from another angle algorithm" are heterogeneous materials thaI 
handle repetition in interestingly variable \\ay" (for instance. taking into 
account the time and space of computational resources). Furthermore. the 
repeti tion and circulation of algorithms thel11'.,el"e". the way in which their 
style of operating i ... imitated. i ... highly unstable. In the code sample frolll 
OpenOffice shown above. the "equence of steps-creating a local context. 
getting a local service manager. using the local service manager to create a 
URL resolver. then asking the URL resolver to get a remote service manager 
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from a URL-reflects a software architec ture patterned according to the 
Internet and a large corporation. even though the software in question. a 
word proces~or. seem" to have little to do with the Internet or corporations 
per se. 

The presence of an Internet-style architecture gives pause for thought. If 
the program epitomiLes predictab le. mechanical repetition of operations. it 
also represents what cannot be fully predicted: it might al low new forms of 
identity. sociality. Illaleriality. communication. politics. production or 
consumption to emerge. The precondition of any attribut ion of agency in the 
neighborhood of software hinges on what exceeds mechanical, law- like or 
regu lar behavior. Predictable even ts tend to lack agential effects. However. 
software harbors surprising kinks. tricks and fo lds that are rarely brough t to 
light. These surprises are not solely attributable to system complication. At 
several points in the preceding discussion. a creative abstraction or hack in 
software was explored. The work called forkbolllb.p/ (chapter 2) draws on 
and twists the Uni x process of abstraction back against itse lf. While 
forkbornbs in general arc frowned on by system administrator .... this artwork 
turns a trait of Unix operating systems and the Perl programming language 
into an occasion w explore interactivity and operating systems. Algorithms 
are distinguished from brute-force computation by the sometimes 
counterintuitive reorderings of the space and time of operat ions they 
embody. A dynamic programming-based algorithm (chapter 3) reverses the 
commonsense approach of solv ing only the specific problem at hand. instead 
solving every possible variation of the problem. Similarly. the virtuality of 
Java (chapter 5) is suspended between a software system (the Java Virtual 
\1 achine) and a programming language (Java) that in principle match 
perfectly. but in practice are slightly Illi~matched. Actual coding often takes 
into account the material singu larities of the JVM. and new versions of the 
JVM take into account the code that will typically be run on it. More 
generally. code as cxpre~~ion and code as action never coincide fully. [n 
terms of the software ontology explored here. code. the material that lies at 
the core of software. j" unstab le because it is both expression and action. 
neither of which are materially nor socially ~table. In saying something. 
code also docs <,omclhing. but never exactly what it say .... despite all its 
intricate formal it y. 
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Does code do what it says? 
Force and form in code 

For an onto logy of software. all of the examples ...t udied in this book 
rep~e<;e~ t transc.ontex tuaJ mut at ions: that is. Ihey complicate any si mple 
attn butlon or ":lI h~ ra,,:a l of agel.ley to programmers or recipients ("users") 
of software. Th is munl1an ha~ wIder im plication., since il ~uggest<; the valu 
of directing attent ion to the li ves of <lefOrs and practical arrangc mcllIs tha~ 
underpin larger-sca le processes of ah<;lfaction (com modification 
glohJlint ion. communication. mobililie~ and ~o on). . 

Because they increasi ngly embody hidden states or fo lds. algorithms 
constrUCI "microworlds" (Th ri ft 2oo4a. 584) from concatenation\ 
collections and pat hs Ihey bring inlo mosa ic conjunct ion. These microworlds 
posse.ss qualities that tex ture the experience of force, movement, feel ing and 
durallon. Some of these qualities are indexed in cod ing practices. The 
contrast ing trea tments of code found in telecommunications software 
operating-system software. in Java programmin g. so ftwarc art, or i~ 
bioinformatics' algorithms suggest that software does di fferent things 
because of the relati ons threading through it as code. As we've seen in 
chapter 4, in the Linux ke rne l. the archi tecture of the object is reflected in 
the proli fera ti on of files prod uced by programmers pointing to di fferent 
commodi ty hardware devices. Li nux architectu re al so congregates around 
the a~strac tions o~ "fil e" and "process" cloned from Unix. The way in which 
the LI~ux kernel IS produced and cont in ually changes cannot be separated 
from li s structure as a cod ing projec t. The performance of Linux as a 
con temporary operating system cannot be det ached from the circulat ion of 
Linux kernel code through code repo~ i tor ies and so ft ware d i ~ t ributions. The 
s?me software may appear in differen t contexts, preserving form as it 
circulates, bu t the force of the act ion assoc iated with the software does not 
come from form alone. [n the case of Li nux. the social re lat ions between 
programmers-grounded in readi ng and writing code--coalesce with the 
socia l force of Linux as an alte rnative to mass-market software industry 
products. Pcrformance of code cannot be separated in th is instance from a 
description of that performancc lodged in the code itself. Th is imeparabili ty 
between coding a~ form and code as force is not unique to software. but 
heightened by the clustered ~ocial rdation .. it attracts. 

A .. a form. code supports many idealizatiom. such as Java's write-once. 
run-anywhere claim (chapter 5). Extreme programming's idea l of doi ng 
nothing that docs nol look like programming is another such idealization 
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(chapter 7). Codc itself a.., a nJ<lterial i~ organized by many forms of 
ideal ization borrowed from mathcmatic ... logistics and information sc iences. 
It is hard to argue again .. t the practical idea lintion underpinning the 
language Lisp that every computable problem can be expressed as a 
recur.;ive func tion: hard. too. to object to the idealization underlyi ng a 
language such as Ja\a Ihat the world can be represented as a set of objects 
~end ing messages to each other. In this respcct. evcry programming 
language i.., already an ontology. 

But code's ideali ty i~ perpetually undercut by con testat ions of coding 
work that corne both from programmers t hem~elve~ and from the fa r-from­
ideal sitllation~ to \\ hich ..,oftware is ex posed. In writi ng systems that interact 
with existing infra..,tructures. software deve loper .. fi nd the nhclves between 
IWO dive rgent realitie ... [n thl' case of Forge (chapter 6). one reality relates to 
a technocconolllic and geographical milieu of telecommlln ication ~ 
infrastructure. a illl the other to contemporary models of compu tational 
processes and architectures. The process of writing a .. ystem mean .. mov ing 
back and forth between the two. but thi .. movement itself is modulated by 
other signa ls coming from afar: current di..,course .. on managing software 
dcvd opment. contemporary style .. and patterns of software arch itec ture. and 
broader. diffuse expectation" tied to the digi tal economy. In the case "lUdy of 
extreme programming (chapter 7). thi s between-place of software 
dcvclopment is also cOl1te .. ted. In XP. ~ystem architecture and coding style 
are no longe r the primary concerns: rather. rclatiom between programmers 
themse lves become the primary preoccupation of coding work. The 
consolidation of re lation .. between programmers fo rms a defenshe perimeter 
against the management of software development froill the outside. The very 
elaborat ion of extreme programming as a process based around the notion of 
'"the program" suggest'> the non ideal conditions under which code exi<;ts 

today. 

Software discourses 

Whenever software becomc~ widely visible, a discourse concerning code 
and cod ing i<; attached to it. Sometimes thi .. is vcry minimaL a<; in the 
programmers' comment line .. scattered through the code. By virtue of 
shi fting att ributions of agency. different actors figure in the .. c discour~cs. 
Which themselves circul;ilc more or less widely: in code itself. in technical 
foru ms. academic and research publications. indu..,try cvents and mass 



\80 ConclusiOn 

media. Often. the producers of 'ioftware put thermcl\'e~ at the center of these 
discouf~es (Knuth 1968: Himancn 2001: Graham 2004: Raymond 2001) as 
the originators of software. In some code-li"c artworb. the programmer 
appears as originator. However. in the shifting perrnutations of agenc), 
associated wilh code. the originator can just as .... ell be ,>ubject 10 the action 
of the prototype. as we have "cen. The Linux kernel in its \cry name 
combines originators: a programmer (Linu'i Torvald"j and a prototype 
(Unix). The ongoing production of Linux relics on coupling prototype and 
originators. The singularity of Linux as a contemporary object in 
informalion cultures cannot be detached from the circulation of 

representations of the value of its originator!>. 
However. !>ometime~ what becomes discursively !>alient I!> nOI the 

prototype or originator .. but some a!>pect of tile code itself. In my discussion 
of Java (chapter 5). the capacity of code to move across platforms was 
central. This capacity. although only partially and prm isionally effective. 
amounts to a different allribution of agency. No longer is an existing 
o]>erating system providing an authorizing context (as Uni)\. does for Linu;(j. 
but code as something wrillen and code as something e}\.ccuted are moved 
into a different. more proximate relation. magnetiLcd by the netv.ork. The 
agency of originator~ "hifts and expands to cross platforms. but at the cost of 
close identification with a proprietary. corporate-controlled product (java). 

Coding as practice becomes identified with a brand. f 

All software-development processes adopt prototypes: models. 
situations. hardware or persons that elaborate a more or less explicit 
representation of something Ihat code stands in for. Nonetheless. these 
prototypes. as implied in the mixture of types found in the O]>enOffice code 
sample, are often hybrid cmities. The elaboration of a prototype for the 
RAMOSS system (chapter 6) drew on a general model of process that 
steered devclopment. [n extreme programming. "story" become ... a prototype 
that act ... on and steep. software development. a prototype that often displays 
complex agential relations to recipients and to code it ... elf. On the one hand. 
XP produccs a prototype that directs the action of programmers. but this 
prototype i\ itself \ubject 10 the action of recipient ... (u\er~. customers. 

c1ienh. etc.). 
Across all permutationo.; of agency. the growth of ... oftware discourse in 

documents. books. maga7ines. online articles and discussion attests 10 
in\tabilities in thc neighborhood of relations t\o.;o.;ociated with software. The 
extended judicial consideration of whether code is expression or function 
found in the deCSS case (chapter 2) highlights the contestation ... of agency 
attached to software. At different scales. and with widely varying visibility. 
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-ode attracts discur ... ivt! elaboration only 10 the extent that. some contes~ation 
, "c' ',Icd with it Sometimes thesc contestations play out In the 
of aoency IS .IS .... O I. . ' h .11l~~ediate \ ieinity of programmer .... them ... clves. but on I~any oc~a"'lon;., t ey 
I be d extcmlin" to the periphcrie:- of mass-media attentIOn or \tate 
run yon. ~ 

regulation. 

Convolutions and involutions of agency 

Michel de Certeau (1984) wrote of thc opaque and sedimenled p~:lce~ that ~~ 
"beneath thc fabricating and univeNl1 writing. of tec1mo.logy. (._01). . 

,\' rril'o to the e\"er)."day practlce:- and I11scnpllon ... tlhlt 
Ccrteau \\as re e e . f 

, cd 'In\"i~ible and irreducibk to the homogeniLing. strategic ga7e ~ 
renIn ' d' \' I ilil' 
technological di:-cour ... es. Whcre doc ...... oftw·'lre ~tan In n: allon () , 
niver~al writin" of technology. and in relation \0 the genera.1 te.ndenc

y 

~oward 'abstracti~n (in commodification, globalizati~n- commumc~l1on '.Ind 
, I) thaI social and cultural thcory often allnbute ... \0 contemporary 

movemcn . .' _ \'.. t I g)' we have been 
.. al tormation')? One Implication 01 the so t\\are on 0 0 . . 

~~~~~:-ing is that the "writing of technology" i ... by no mean ... ulllversal: the 
o aque and ')tllbborn plae!'!s do not lie "imply bcnca~h ~~c~moIOgy,. b~1t ~~e 

p \' d' ld in it Viewed as an ensemble 01 rdd\lons. "oll\\aro . .: I .... 
wrappe( <lIoun a[ . ' I . ( I' 
particularly \usceptible to the illcorporatioll of .heterogencou .. , P ace". ~e~. ~)r 
in ... tance. the di"cussioll of algorithm" a~ mosaic concaten:\\[on" of 1.c\,1\[011.11 

frames in chapter 3). No particular ~ytnbo\is~n. \OClOecono~lI~ order. 
territorial unity or politic~ absolutely dominatc ... III software: ~h[" IS nOI/

o 

say that software displays no geopolitical difference ... (Brazil [ ... known or 
free and open-source software: Rus:-ia, hacker ... and .crackers; Northern 
Europe. participatory design: the We:-t C(~a"t. of the Un,[I~d States. ventur!'!­

capital funded innov<ltion: India. commerc[al ll1~p\cme~II.\I[On~). . .' . 
Althou"h it i ... \ery hard to ignore thc d01111nant figure 01 t~e In~l\ldudl 
e, \ ft ,. , even the Idcnttty and 

user that accompamc" much popu aT ... 0 \\an:, . . . 
capacitic:- of the u~er are conte ... ted figure:- in ... o~tware, ~)crhap"'.Ju"t a". much 
as the con'-;lJlllCr i~ in ad\erti"ing. NOlwith"tandJIIg the IdeologiC'" of control 
and freedom a .... sociated wilh the meT interactivity. the contra ... t b.e.t~een 

. . .. . \' b k' ggests that twO broadly dlllerent 
vanous examples dl'icu ... "cd [11 t 11\ 00 su~ .... . 
patterns of agential relation" occur in softwarc. The itrst of these turns 

, , \ h' \ ,,' I Clifford Gecrtz used the term 
agential relations [[\\\ard. T le ant [?Po o~.l" . .' . . . h I 
"involution" to de"cribe the incrca"lngly elaborate cultur.ll plOduc\[O~ t a 

, d' ' (G t 199-l) The production of 
occurs in certain "ocioecononllc con I\[on" eer 7. . 



182 ConclusiOn 

the Linux kernel relic!>. on incrc<lsingly elaborate forms of code circulation 
that distribute agency in time and ~pace. AuthoriLing cOI1\cntions drawn 
from a hi'ilory of operating "ystems running back several decades encounter 
an ongoing proliferation of commodity computing hardware. The 
organization of the body of kernel code reflecb this encounter. Similarly, 
although it play~ out quile differently. the orgallinHion of programming in 
XP strongly pattern~ code according to a sel of relations modeled on 
programming or coding and then applied to programmers themselve", One 
of the effects of involution of agency in code is that software takes on 
increasingly self-referential aspects. Software generate,", discour..,e because 
involution tends toward self-identity, In certain respect'>, ~oftware discourM! 
is about nothing more than software development. 

The other principal pauerning of agential relations could be termed 
"convolution" because it tal-.es existing relations and combines them into a 
composite relation that blurs or echoes the ~tarting relations, The RAMOSS 
~ystem organizes relations between diverse element'> of an infra~tructure and 
a process-driven vision of distributed information architecture, Such a 
:.ystem is a con\olution of agency because it combines different fields of 
action, In a highly compressed yet simple fashion, fi,rkbollfiJ,pl also draws 
attent ion to the character of contemporary programming languages and their 
relation to platforms, These relations are not purely formal or conventional. 
They have material consequences, The texture, labi lity and ductility of 
software allow external fonm and t()rces to fold into software, Over time, 
code objects take on a pleated, eroded character, Composite form~ of agency 
are not unique to software, Many proce~ses and practices incorporate 
ensembles of re lations that complicate who says or does what. The 
specificity of software, if it exists, com ish in the convolutional production 
of these relations in a material with particular properties and practices 
associated with code, 

A general dynamics of software? 

Does the abundance of involutions and convolutions in software mean that it 
offers new possibilities for change. for circumventions and subduct ions of 
existing orderings of life. labor and language'? Many trajectories run through 
programming work, Ellen Ullman (1997) writes, "I Illay be wrong. but I have 
this idea we programmers are the world's canaries" (146), Altered conditions 
of work arc deeply implicatcd in software production, In a significant and 
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.~ ,'~ could be seen a~ the epitome of work, under th~ 
relevant Sense. sofl\\.1ft:, I. .. (5 nn~tt 1998) or as "immatenal labour 

dition~ of '·new capita Islll e t: 'f fI 'bT 
con ' 1 ,''}OOO '}93) Paramount here are notions 0 eXI Illy, 
(Hardt and Negll - '-:' d tea"11"o,' some of which previolls , ." oductlOn an , ~ 1\., ' 

speed, JlIst-IIHl1l1e p~ rk However. an important resull emerges from 
, hapters have shown at wo ' , . Cod·"," and code arc not .' od no a~ 'I process, e 
reading code and ex.ulllnmg c I e. . 'th world Code and its circulation. 

I od ced and then sent out Into e· , f 
simp Y ~r II . . 're dee I entwined in software, AnalYSIS 0 
produCllon and consumpl1.on a P Yb d \' ched from analysis of coding 
code as the material of soltwarc cannot e e a 

as making software, ., h hout this book ha .. a generiC 
TI t f 'Iuency that threaus t roug , 

1e conc~p 0 'e , .' n !->omething does somethmg to 
quality: it reters to those, occaslOl~s w,he 10; J'uSI an artifact of analytical 

I , B t this generic character IS I· , ' 
samet ling, u. ' . . of abstract prototypes, ongmalOfS, 
approach to software framed lin terllb': 'Itlributed to software itself. to its 

" l and code indcxe~ t can, . I· 
reclplen, s , , ',' ,". ialit. The kinks, folds, Iricks or S Ippages 
ProcesslIlg of matefl,llity and so~.. Y ,I t Ie· of relation, ways 

f . I· pecd \C texture are a so "y " 
that imbue so tware Wit 1 ,I S, ,. 'nd events in cOlllmonplace or 

, d cone-Hen'lt!n" ,Icuon" ,I 
of connecl!ng an "e II· w in them .. elves. these relations 

, While they 'He not IOta y ne II 
generic way", 'WI d thai C",'1e from? In their we -

d ' ft" re lere oe~ , are concentrate III so \\a . , " H'l['(Jt and Negri (2000) 
known account of contemporary COIllIll1l1llc.1l10n, ' 

argue: 
, . . e~~e~ bill al\o nrg<lnilc" Ihc nlo\,<~lllent. of 

Communtca\lnn nol onl) cxpr.. .. , uhiplyin" and ,lruc\UTlng 
. ., !he mo\cmcnl ,,) In " 

gloh~lin\lon, tl orgal1l1e~ . 1 mo\cmcnl and control, Ihc 
h h n '\worb II e;>;prc~'c\ IIC . . 

illlCfConnecllOll" I roug I:: . , I -houl Ih..:\e commUntCatl\C 
. . . h" 'n~ry Ihal run, Ilfoug 

~cn~e and dlrccllml ut I C Ima£l. ' ' ""d 'md channctled wilhin thc 
1 d the \Il\'I"lIlary t~ gmuc , 

connl"(:tion"; 111 ollcr wor ~. '''. f ., f nlCKkrnily werc forccd \() 
. I' Wh'l thc Iheone, 0 pOy,cr u . 

eolllnlllllle;!\t\C mac 1I11C. a .. ,' .,'., '",d ~oci1l1 relatioll'. I, here 
. ~ 1'· 'xlcrnal to pruuu~ t\~ , ., . 

en1l'>\der Ifanwcnd"nl. 11~t ", c, . d ,'al relalions Medt~lInn I' 
" . , I 10 the produc\I\C an ,(1(;1 ., . 

formed Ill\lde, 11IIm:1nl::n . I' '''I y'nlhc,i, or \oci~1 "r,It'C " ,. od· 'm~chl1lc, 11le po lIIe,1 :,. . 
:1b~orbcd wllhm Ihe pr UCI".C. TI.', wh ' communi~ation" indu.,lne\ ha\'e 
lixed in Ihe 'pace of eommullleauUl", 11'0 1 I ~ .. aniJe production on 11 !ley, scale 

d h '" I ,t pn,ition They nOI on 'i 0" . . . 
assume .. ue a ct:n f,l ' 1 b'l "C hUi al,o n1;!kc ib Ju,l,lieallon 
and illlpo"c a ne\\ ,Ifuelure adequ<lle In g 0 11 ,pa~ , 

immanent. (33) 

, h' (uote but the pan that is particularly 
There i., Illllch 10 elaborate m t .. ~s I . . '. of social .. pace within the 

relevant to software concern .. the \llllnanen~e. h ftware becomes 
h' .. M ly of the occasions w en so 

"productive mac Ille, ai, f 'd' t'on 'llld communication into the 
visible concern thi .. absorption 0 Ille Ja I '. ,. con~tanl 

of production: ,oitware accepts 
contemporary system, 
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expe~imenta~ion wi th imagined .c(~nn~c.lions. The "imaginary" to whie 
~cgn ,and. H,~~dl refer has broad slIntiantlcs to Appadurai'~ undcrslandin h 
Imagi natIon when t.le .s~ggesls that "imag ination in the posteleclr;n~~ 

world 'p1~ys a newly slgnlf.lcant rolc" (~996. 5). Software provides l1laterj~~ 
to lhlllk through and Imk up socia l spaces with Ih' .," . 'fi.... .,. . Clf lmrnanem 
Justl ~catlO.n. The 1ntro~ectlOn u! communi cative relations in ex treme 
progranll.n~ng,. the forrnatlvc role ot process in software engineering, and the 
commodIfIcatIOn o f codi ng itself as a producti\'c activity can all be s 
t.' . . ' .Ccnas 
ranspon mg a SOCHl l !'opace 11110 Ihe "networks" of softwa re. . 

Never.theless. thi s fl attening of d istinctions between production and 
consumptl.on, between technology and culture. between abstract and 
~oncretc l~ not com pleted effortlessly, consistently or even fully. New 
structures adequate to global space" and organizatiom. of "production 
new scale" are unstable. The absorption of mediation is uneven, partial~a:d' 
con te sted . 

Notes 

Chapter 1 

I. A Dictionary of Computing. Oxford Rcjacl/C(' Ol/line. s.\. "sort ware:' 

hI tp: IIw \\ W. ox ford rete rence .com/v i ews/ENTR Y. ht ml ? 
subview=Main&entry=tll.e817 (accessed 20 September 2004). 

2. Ibid, italics in original. 
3. "A grammar in which the lert-hand side of each production is a <;ingle 

nontermina1. that is, in which productions have the form V ? w (that is, 
"rewrite V as w"), where w i.., a string of termi nals and/or nonterminals. 
These production.., apply irrespective of the contex t of A." See A 
Dictionary of Computing, Oxford Rl1erence Ollline, s. v. "context-free 
grammar" (by Valerie Illin gsworth). http://www. 
ox fordreference.com/views/ENTRY.htrnl?subview=Main&entry=tlI.e 10 

29 (acces~cd 12 January 200S). 
4. These concepts may be expressed as a formal standard or in a dalaba<;e of 

concepts ( for example. OpenCyc. an ""upper ontology for all of human 
consensus reality" CyCorp. "OpenCyc.org formal ized common 
knowledge" hllp:llwww.opcncyc.org (accc<;<;ed 2 Augusl 2004). 

5. The parallel between art and code is not foreign 10 programmers. Graham 
(2004) has ,>uggesteu that ""hackers and painters" have a lot in common 
( 18). There is a long literature in computcr ~cience. programming and 
software engineering that link<; software to art form~ ,>uch as music. 
architecture. poetry and prose, as well as painting (Knuth 1968. 1992). 
For programmers , the question of what programming language to use i<; 
highly complex, In newsgroups, online and print publication<;, and 
countless cafe. bar, workplace and conference discussions. the merits of 
different programming languages and slyles are hotly debatcd. In these 
di<;cus<;ions, many different issue~ are at stake, but aesthetic value is 
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6. 

I. 

certainly one of them. 
I ~ l:rogra1l1m~rs arc invi'iihle-if the . panah1> or crlminals-'f f y become fashlOnabl 

I 

1 ..,0 tware prod . . e. celeb' -
_ lOW would any of th ., ... . uellon IS moved to I d' flttes., d 0" p05',brlll ff n ra or eh 
.0<,0 Changes in software pro I . ,e' e ect change, in what I' 'na 
IS, As wc will "e in eha tel. uetlun ,,,gnrf

y 
changes in what so ""'" 

understood' . . p r 4. changes III prod' softWart 
. III conjUnctIOn \\ ith ch' UC\10n hav .. 

culture treat Ilroduct' . d anges In consumption Sam v 10 be . Ion an consumptio ,e model· 
proce". but ,oft ware prod' ,n as >cparable phases f 'nf 
This is partly becau~e the't'octlOlon f<lId

ses qlleslion~ about that ;epCU1t~raJ 
'1' . s nee cd t od ' aral lO 

avar "ble fo r use on PCs Altl 0 pr uce software are' n. 
still difficult a sopl ' t": l~lUgh backyard sil icon-chip fc b' ~Idel) , . liS IC.lted piece f f a ncatlon . 
(although more likely II 0 so "",re can be created' IS WI not be done there anymore). at home 

Chapter 2 

For an examination of the . cu lture,." see Fuller (2003). I)fO'peclS of doing research into "softwa ' 

2. See Paol (2003) fo r a surve o' re What complicates UI y f new media artworks. 
I ' ' 'y allempt 10 simpl" ..' ,~a, become a ,ite of collecti ve imaoi y unearth ,oltware is that code 3. 

4. 

5. 

6. 

7. 

. banng," In 1996. the anthro 010 ." nrng m the goi,e of "opcning" or 
onag,mng, e>pecially collecti~e ' gISt ArJun Appadurai described how 
fantasy) had become a "t'}oing Imagining (as distinct from indi vidual 
people and th' 'e ' ground for actio' (7) L ' lOgs are accompanied b' .' ' . Movements of 

ater ?haptcrs do some of thi s work ~,~magm 'ngs. of those movement<. 
of ordrnary language developed i V·' ng the nOli on of "commonplaces" 

Uillversal City Stud ' . I n Irno (2004). 326 'os, nc, ct at v, Shawn C R ' d F . ' ermer es ct at 2000, 

or contemporary examples of software' -(2004), art , sec SoflW'u'e A t R . "E d < r eposllOry 

"very an" .y I e has comc 10 ass . communICation and cultural ,tud' " undle g.reat Importancc in media, 
allcntlon a' f ,es ,m SOCIOlogy a ' ' . way rom high-profile c I "a way of dellecting 
percohrllng melange of commu' i u tural events and figures to the 
medra (Poster 2(04), ,calion practICes a"ociated with neW 

Chapter 3 

for analysis of a different algorithn'ic in tcrms of thiS contestation of 
agency. see Mackenzie. Adrian. (2vvu) "Convolution and alogrithmie I. ~h 
",petition: a coltural ,tudy of the Viterbi algorithm." In ,vel"'''''' Time, 
edited by R. Hassan and R. pUr>er. Palo Alto: Stanford Uni,cf>ity Pres>· 

, An important issue for di>,u"ion concerns the neXus hetwe

en 

bioinformatiC' algorithmics and the enterpri,e-wide grafting of property 
relations into sequence data The interface between bioinfonnatic 
procc>sin

g 

of sequence data and the pnlitical economy of biotechnology 

is eun,plex, The It"t pan of the chaptcr di"O"" ,on,e ways in which 
sequC,,,e and other biolngieal information underg

nes 
ordering and 

integration within bioinfor",atiC S),ten,'. That inregtation reinforces the 
need 10 think of bndic> and property relation, IOgeth

er 
in an "entefpri£ 

-

context. ) Both the protein-folding and ,equence-align",ent problems pose vexing 
eo",putational diffICulties. Enur",ous eornputational obstacle' hinder any 
direct mapping between protein-sequence data and protein ,hape or 
biOChe,nieal function. During the [cw hundred millisecond, that it takes a 
,trand of amino acids to fold up into a minin,al energy configuration. an 
astrono,nical number of cnergetic intcractions bet"een different parts of 
the strand takc phlC

e
, Predicting computationally hoW an amino acid 

sequence will fold ",cans frnding a way to ,nodelthe cornbined ef

fcch 

of 
all tho," interaction" IBM re,ponded to the tidal wavc of "qu

enee 

data 
by announcing a bioinforrnatic; supercomputer. Blue Gene, a heavy 
piece of computing hardware dedicated to working out hoW proteio, fold 
(IBM 20()4a).Re,pondin

g 
tuthe sarnC diff,culty of ",a"haling sufficient 

proce"or power. distributed cornput ing projects such as Foir/;"g@Hollre 
(available ," a Goug

le 
toolbar: vee Folding@HonW 2(03) and United 

Devices' THINK personal co",puter screensav
ers 

(vee United Device, 

2(04) invite individuah 10 donate their compute<; spare proceS'in

g 

power to large-"ale scientinC project" In the cave o[THINK. a "rational 
drug d"ig

n
" project. r"eorehe<s were looking for mo\ccol

es 

that can 
bind to eenain "acti'" ,ilC'" on a protein. They want to "dock" other' 
,nole

cole

' into the acti" ,ire' and find out hoW well that docking 
"bind'" or neu!<f,li/

e
' acti" site, on the protein, In ih distribution of 

work pro

ce

"" acro" a ,ernipuhlie network of eo",Putc
rs

, the peer-to­
pecr ,creenvaver ,oft ware TrllNK ,howS pharrnaceutiCal «"arch 

tapping at an infra"ructural level into the "free" re,ourc

rs 

of a 
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4. 

computino public c t· I· .' eo on~ ltutC( ~lIlCt! the rnid-1990.. b t 
(SImilar strategies have been pUI"\ued b ~ . . ) 11~ Internet 
system'i such as BitTorrcnt and b . . ", y pcel-t~J-pccr hle-sharin 
infected PC' ' . y nOJ.tn-hor"e Vml\e~ lInt co g 

s mlo emali "pam ser I ) Tl . ' IWen 
targeti ng drug candidates wa .. shifte\~:' t ,Ie C~lmputa.tlO[~al burden of 
computer;. The prooran f d n 0 11O~~'lI1d .. at privately owned 

d 
. e' 1 anne out protein strue{ bl 

esklop computer;;; through the In . " > '.. ure pro erns to 
by mid-October 2001. on alrn()Sltc:n~~illi~~I~~:s(patO~'~r h~lf a million 
download and ru n the TIIiNK . f . rrno ~OOI )-who 

b I 

-.0 I\~are on their de,kt 
e ong to a membership pro . op machines . . gram complete with "WebM"1" . 

P01t1IS. Like the SE11@ /-/OME . I es reward f d h ~ project (SETI@HOME "002) 
.orge t e idea of publicly distributinu he v . - . which 
Interested lay publ" " I .. '" a y compu tational work to an 

IC S lOme and office co 
research project uses slJare proc . lllputers. the T HI NK cancer 
hi ' , essor tl111e on PCs In thO 

t an ooking for meanin!!ful panerns in c " d:·' I~ ca'ie. rat her 
device'i look for p "hi " O'illlIC ra 10 slgnal~. the T HINK 

. OSSI e ,lntlcancer dru o C' d·d· l ' explai ns: :- an I ,lies. he website 

The rC'>CllI"Ch ccntcr\ on protcin, Ih<ll havc hc~ d" ' 
largct lor cancer Iherap). Th h . _ "n cltTllllncd 10 he a pu~~iblc , . roug a procc,s call 'U .. ' t ... anaty'l~ ,oflware will "tC"' I I ,C \ Ifllla ,crcelllng . 'pedal 

. "I) moeculc~that' I' ' ' 
Will determine which uf Ihe mol I' , 111 dad ""nh Ihe,e prulcin~. and 
being dc\'clopcd inlo <I drug. The e~u.~r c:111d.ldale, ha~ ;1 high likelihood uf 
0l>cn a spcd:1I lockhy I " P oce~, I~ "ullIlar to 1IIIlIIIIg Ihc right key 10 

00 mg at I11l1hon, U"" 'II 
(Unitcd [kvice ... 2CXJ4). ' , , ~n 1111 lOll' uf molecular keys 

While the THINK software displa S '1 0" ••• 

users. the algorithmic P'OC I' y. '. eraplllC. explallung liS function to 
e'>s () te"tlll o candid' II , t 

can dock with the t'lrget . e . ' e" 0 sec whether they 
of TH INK softW'lre' 'n Op~otdelll goes O~1 Invisibly. Only the real "users" 

, I xlor or at Umtcd De '. . 
the processin

o
. The ". ,een d. I vices access the OlltPUt of 

e .~... l'>p ays 'I co nt fl' 
sec what the hit'i are. (Comrols on 't~e Till OlliS. but lay u.scrs cannot 
or an onloff "witch ) The rei' .. I li NK sort ware consl~1 basically 

. ,lIl\e y anonyl11Ou, mel b h' I 
or control over the re'iearch TI' . . n er'i lp la~ no claim 
deliberately figured out f·1 '''fr ment,il or 1l1tcllectual errort has been 

f 
0 t1esotware 'lIldth~' . 

o the "virtual 'icrccnin
o
" ' I" , ,elr compl1tcr~ execution 

b

e proce"sc, aroely UIS·tppe' " . ackO'round As d' Ie' drs Into a calcu lative 
e .' unng t1e 1990s \vhen much f h d . 

and maintenance of th~ 'b .' f' 0 t C CSlgn. construction 
2 . C \\C was Igured a~ "rr" I' b .. 

004). belllg a membcr of United D'\" [;[; a our (Terranova 
computer cycles. l:: ICes THI NK means donating 

The thorouohly I' d '" re lCM'iC understandt·ng' I· b· I ,0 loogical life as an 
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infom'<ltion-cornmunic<ltion ~ystem dc\dopo:l during the last cenhu)' 
(Canguilhem, Jacob, Moned, \)<1v\'kins, Harawoy, Oyanla, Kay, arrl 
others) form the h<'1ckgroul"¥-l here. [ rely al::;o on the geneml conceptual 

framC\vork of biOSOCiality descritxu in Rabinovv (1992). 
5. For FAST A scquence-comp.:1fison programs, sec Lipman arrl Pe.:'USOI1 

(1985); Pearson <llxl. Lipman 1(88). For BLAST (B<l~ic Lac<ll Alignment 

Search Too\), see Altschul L>t at 1990. 
6. NetGenics. 2001. DiscoveryCenter. httpJlww\,.,',netgenics,Com/ngI 

disrovery.hbnl (accessc'<.i 21 Clctobel2oo1). 

Chapter 4 

1. Wikipedia, s.\". ''kemel (computer science)," httpJ/tn.wlkipedia.org 
/\'''iki/Kemcl_'~''o28comPUter science%29 (accessed 7 f\b..'ember 2004). 

2. Free software, as prcxnotcd by the Free Software Fownation (GNU 
1996), is supported by a liberal civil-rights discourse of free speech. 
Open-source soft\'vare, with much closer links to corporate and industry 
groups, is a pragmatic appro...'1ch to soft.'vare development based on access 
to source cooe am the right to distribute am cirrolate the source cede 
(Opel Source Initiatiw 2003). On the evolution of this distinction, see 

Col",,,,n at":! Hill (2004). 
3. Sony has given software developers access to the "proprietary Emotion 

Engine." On the one h.ard, games platfonns arc centen:.u on the 
prOOuction arrl manipuk'1tion of affect through visual, audio am tactile 
events. In game play, certain kinds of laoor "in the bo::\'ily mcde" 11C<"wily 
interact with audioVisual (and tactile) infonnation objects. Some of the 
ITlCEt dense arrl complicated interfaces to info\1ll<1tion systems are fourd 
in gaming. On the other j'k,rrl, as the fine print on the PlayStation Linux 
site reveals, Sony is not giving any prograrnn-..atic access to the DVD or 
CD drives, Urrlerstandably, they arc trying to prevent PlayStation ITorn 
becoming a DVD copying device, something thl.1t ",wid lU::lerrn

ine 

Sony's bro...,der atrliO\'isual entertainment business. 
4. Unix's influence is bro.:1CI.: Microsoft's WindO'.vs NT/2000/

XP 
developers 

sprnt much time revi~ing and oorrowing ideas from it. 
5. As of mid-200S, a Unix company, seo, has threatened massi\"e legal 

action against all commercial uses of LimlX. seo's rugufnent is that 
Linux contairu; hidden Unix cooe and therefore constitutes an 
infringement of intellectual property rights vested in the current O'.vners 
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I. 

3, 

4, 

5, 

7. 

I. 

, 

of the original Unix licenses. SeQ, See 
hup:lIgroklaw.neu (accessed 12 June 2005). 

Chapter 5 

Jonc~. Pamela. "Groklaw," 

Oxford Dh"tiona!'I' o·f C ' • 'J O/l/plllll1g ~ V "y' . 1 
http://www.oxfordrefercnce.com/vicws/ENTRY 'hl I 'J 11 ~u~ Ma:hine." 
try=tll.005712 (accessed 14 June "(03) A" md,.su vlew=Mam&en 

D,
',' .f C' - . ceor rng 10 the a 1< I 
( /Of/(lrr oJ Olllpil/ill" Ih'" 1 . ~ .\ on C' .' e' e \Jr(ua rnachlllc concept ',,'. . 

ambndge. Ma<;sachusctts in the lale 1960s as an . on",lIlat~d In 
memory system of the Manch t 'A 1 _. exten'>lon of the virtual 
L' . es CI 13.'. computer. 

Ike so many other projects, Green never ' .. 
agrccmelHs between Sun set-( b c~mc to mal kel. Commercial 

and mCd.ia cOIll!,anies SUCil a., T~~le_~~a[::l:~.~~~~~~~I~:~,,~llCh as Mitsubishi 

As of mld-2()(b, the Java Deskto wa· be' _ 0 . 

by S~n Microsystems. It combin:s a ~inu~l~.SOI~~ as. a star.ldalone product 
uscr mterface (Sun Microsystems 200Se) {rSin utton With a Java-based 

Thor Olavsrud "$ W' ' . . un ms Injunction against M' j' 
Internetnews.com ")4 D ~ rcrom t in Java Casc." 

illlerne tnews.com;ent-ne~\ls/article ~~~~;~~~231 ( 2002. hllp:llwww. 
Such as JavaJam offered b G .. C . accessed 12 June 2003). , Y ee" flllses hllp'!lww ,-' 
(accessed 23 June 2003). '. . w.gee,,;cflllses.com 

6. Quoted in Paul Krill. "Sun's Mc · . Infoworld 12 No b Nealy Crtes lava Successes" vem er hll"/l . . - . 
HNmcnealyjavaonc I htllll'j p. \d"v

1
w.lntoworld.colll/artic leI03/06/131 

S d . - . accesse 2 December 2004). 
ee ebates posted on the newso • .', eroup comp.I.lllg.Jd\a.programmer. 

Chapter 6 

!hc Object Management Consortium" ro I . . 
Industry specifications ~ . . . P l uces .and malntarn" computer 
2004). ot rnteroper.lble enterpme application,," (OMG 

A go09 description of di"tributed sf " " . Sean O'Riain (2000) 6'R' . , . -0 tv.-,ll: d~velopmell1 I" provided by 

d 

. ram" account 01 Insh and A ~'. .' 
evelopers convim:ingl d. 'b.' mcflC.Jn soltwarc ) escrr es the krnd f I I" 

patterns and disruptions "'.'.0' " t d 'I s 0 oca Illes, temporal , .,,, CI.l e Wit 1 a glob' II d' ' b 
lie focuse" almO\t exclusivel • . a y I'MI uted workplace. . , yon peoplc III movement. Bearing. in mind 
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Notes 

social sludies of technology's interest in accounting for people and things 
together. without assuming an a priori ontological divide between them, 
6'Riain ask..,. what can be said about tcchnologies thl!lmelves? Whcre do 
they stand in relation to the "collcctive social fac t" of imagined 

movemcnt? 
3. Greg G., interview with author on 12 Novembcr :WOO. at Forge Rcsearch. 

Redfern. Au..,tralia. All names of intcrviewees have been changed. 
.t. Reflexively, it also points to what ethnographers struggling to order 

materials face as they try to ullIJer.;tand how a fragile locality 

materialiLes (see Newman 1998 on this point). 
S. The term "technoscape" follows from Appadurai's (1996) notion of 

ethnoscape. Ethnoscape melds multifarious vectors- tourism. migration. 
education. asylum-seeking, business travel-with diverse collective 
imaginations of movement circulating in various med ia (film, the 
Internet. print). The notion of ethnoscape suggests a complex topography 
crosshatched by movements of people. Importantly. those movements 
enter into "mutual contextualisations" (Appadurai 1996. 5) with stories 
and imaginings of movernenl. Appadurai's specific historical claim. one I 
think can be usefully developed in relation to infrastnlctural things such 
as RAMOSS, addre..,ses the expansion and proliferation of these 
interactions between movements of people and the imagining" of 
movement: "What t wish to suggest is that there has been a shift in recent 
decades. building on technological changes over the past century or so. in 
which the imagination has become a collective. social facl. This 
developmcnt. in turn. is the basis of the plurality of imagined worlds"' 
(1996. 5). People experience themselves as "between-places." in 
Appadurai's terms, becallse of this entwining of collective imagining and 
movement. References to elsewhere permeate the everyday production of 
locality because collective imaginings have taken on a hitherto 
unregistered momentum. Appadurai also proposed the notion of 
technoscape to complemcnt the ethnoscape. Technoscape i'> "the global 
configuration, ... ever fluid. of technology and the fact that technology. 
both high and low, both mechanical and informationaL now moves al 
high speeds across variou" kinds of pre\'iously impervious boundaries" 
(Appadurai 1996, 34). Some a"pects of this definition rcsemble 
globalizing accounts in problematic ways. Talk of fluidity. and 
technology moving at high spceds sounds like it might be glossing the 
production of locality and movement tOO quickly. With its connotations 
or effortless movement and fluidity. images and stories of technological 
speed "till magnetiLe the !lotion of tcchnoscapc. Thc cthnoscape's 
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mixture of movement and images of movement disappears. :.upplanted by 
pure movement. Borrowing from the richer notion of ethnoscape. we 
could ask whet her the lechnoscape displaY1> the same kind of mutual 
contextualizing between movement and imaginings of movement as the 
ethnoscape. Rather than affirming the ..,peed and power of techn ical 
systems to move across boundaries. we might be able to say how the 
effects of speed and power flow from that interaction. 

6. Paul D .. interview with author O il 16 November 200Cl. at Forge Research. 
Redfern. Aumalia. 

7. Chris B .. ob~erved during field vis it September 2000. at Forge Research. 
Redfern. Australia. 

8. Charlie M .. interview with author on 23 November 2000. at Australian 
Technology Park Cafe. Redfern. Australia. 

9. Charlie M .. interview with author on 23 November 200Cl. at Australian 
Technology Park Cafe. Redfern. Aumalia. 

Chapter 7 

I. For instance. UK cincma1> in 2001 1>howed an adverti.,el11etH for Saab cat1i 
in which a golfer tecs off over the edge of an icc crevasse. a skier slaloms 
down what looks like a rock face. a hi gh -diver dive1> into a frozen pool. 
and so on. The car itself, the ad implied (not without irony). also copes 
with difficult conditi ons. A second adveni~emen\. usually shown a few 
minutes after the firs\. made the irony explic it when it claimed that the 
frightened. freczing golfer losl 1>c"eral hundred golf bulb during the 
shooting of the ad. 

2. Understanding the differences between ethnography and other 
observational methods mCUll1> going into fairly heavy-duty conceptual 
arguments about science. mcthod and knowledge. Importantly. 
ethnography differs from survey and quantitative methods in that it tries 
to analyze one or a few localities in depth. It does not seek to generalize 
by looking for regularities across a large number of different cases. These 
arguments have been developed in detail in many places. including 
Lynch (1993). 

3. The fieldwork for the study involved visiting KMS two to three times a 
week tor three months. watching programming. sitt ing in on team 
meetings and reading code-repository log~. code and design documents. 
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