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4.1 Introduction: explaining what the Internet looks like*

There are several kinds of spatial imaginings thave been exploited to
establish the Internet as something ‘real’ and tove the ‘matter of fact’

existence of its infrastructure to different audiem by explaining ‘what the
Internet looks like’. These are significant in haley work to overcome the
problems of the invisibility and intangibility ohé Internet as an infrastructure.
How do you explain the Internet when you cannotasektouch it?

! (Source of cartoon: Robert Thomps®he Guardian, Online section, 29 March 2001, page 4.)
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Chapter Four: Imagining Internet Infrastructures

Imaginings of infrastructures were particularly yakent in the first half of the
1990s, when the Internet emerged rapidly as a mevalstechnical phenomenon
in advanced capitalist countries and needed teekglained’ in accessible ways
to the majority of people who had not experiendefbri themselves. This was
especially because the Internet as a entity has simgular, manifest
representation. Unlike transportation and telecomoations there is no one
material device that unambiguously signifies thiermet. Further complicating
the matter, the Internet is often typified as aeleather than an object or media
(as illustrated by the cartoon above). Early in ltiternets’ entry into the public
consciousness, it had an imaginal malleability esppe had no fixed conception
of what it was, how it worked, whether it was vdileato them, or whether they
could trust it. As a result the influence of partar spatial metaphors,
geographical representations and scientific infomg in shaping perceptions

was strong.

In this chapter, | consider how different typespétial imaginary of the Internet
have been deployed to overcome infrastructurakibiity and work to forge the
disparate and fragmented networks into a unitatityethat could be trusted.
This imaginary is examined in two broad categoriégstly, for general
audiences, the range of verbal and visual metaptiat were deployed is
considered. While such metaphors can be dismissethundane, Vujakovic
(1998, 158, added emphasis) points to their sgmater, noting the “common
acceptance of garticular metaphors (propagated or reinforced by the media)
may lead to a limited view of an issue and the wilesof constructive
alternatives.”; and | think this is apposite totmadar kinds of spatial metaphor
than have been applied to the Internet. Secondlyihfe research-engineering
audiences, | examine the role of scientific indawips in constructing facts about
the Internet's structure and operations. To begionpack the nature of the

Internet’s invisibility.
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Figure 4.1: Cartography denotation necessary tocenmaksible Internet infrastructure visible for

readers of a newspaper story about cable cuts laid impact on the Internet. (Sourckhe

Guardian 2008, 22-23.)
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4.2 Internet ‘invisibility’

There are several dimensions to the invisibilityhad Internet: firstly, the unseen,
ignored and hidden material nature of the wires emahputers; secondly, the
transparency of network activities and lack of thteg experience for users;
thirdly, issues of rapid social naturalisation dhd ‘taken-for-granted’ banality
of technical systems; and lastly, the conscioudusan through institutional

normalisation within the wider neo-liberal politiceconomy. | outline each of

these dimensions in turn.

Figure 4.2: A road junction outside the One Wiltstbuilding, an internet hub in downtown Los
Angeles, that is heavily marked with ‘utility griiff signifying the location of underground cable
routes leading into the building. Such markings arkind of 1-to-1 map of the complexity of

what lies unseen just beneath the surface. (Sovareelis 2002, no pagination.)

4.2.1 Materially unseen

The first dimension of invisibility is that netwoHardware for data transmission
is largely unseen in the everyday urban landscaggecially in comparison to

the physical presence of other communications sys{eoads, railways, airports,
postal mail and the like). The Internet as infrastinre is very briefly visible as

fibre-optic cables are rolled out in the streets, is quickly subsumed beneath

109



Chapter Four: Imagining Internet Infrastructures

roads and pavements. The ‘wires’ of the Internebuph cities and across
countries are almost universally routed subterrasigo (Figure 4.2), and
between continents lie along the ocean floors (f€iglil). The Internet is also
dematerialising further as the actual wires aredigbeing replaced by wireless

transmission that invisibly carries data unfelbtigh buildings and bodies.

The infrastructure at the ends of the wires, thisvokk switches and computer
servers, have a small physical footprint, and aseally hidden away in
unmarked service spaces and anonymous secure, wlesdo buildings. Other
supporting hardware elements vital to ongoing heemproduction, such as air-
conditioning and backup power supplies, are sepdréiom people by being
located in basements or on roof tops. For all ygehsurrounding the Internet
and the billions in capital investment, it has rekaaly little visual impact on the
urban landscape. Other tangible or noxious extiieslof the Internet are

minimal because it does not produce noise or atbeious pollutioA.

In addition to being out-of-sight and relegatednimn-human serving spaces,
other elements of the network hardware that areifesdly visible in the
landscape are effectively made invisible becausg #ie mundane (‘invisibility
by being ignored’) or because they are not asstiaith the operation of the
Internet (‘invisibility by misconception’). For er#ple, the wiring cabinels
aggregating customer telephone lines, which are vital/to broadband Internet
distribution, are a common sight on pavements bat an anonymous and

unmarked part of street furniture.

The material invisibility of the Internet is beiragtively encouraged in some

guarters as part of more recent cybersecurityaines in which critical and

2 Moreover, the negative externalities of manufaoturl.T. hardware are concentrated and
largely remote from the affluent places of Intereensumption as a consequence of global
supply chains. The disposal of computing equipneaiso highly polluting, but again is hidden

from the view of most people (see BAN 2002).

% In the UK, British Telecom has some 90,000 sudfimpry cross-connection point’ cabinets.

They are usually painted an unassuming green cadeer
<www.btplc.com/Thegroup/Networkstory>.
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vulnerable elements of the infrastructure are thoug be best protected by
being kept anonymous and secret (Gorman 2004). Ssmturity through
obscurity’, leaving important places deliberatelgdacumented, has a long
tradition, including in the production ‘rules’ ofage cartography (Board 1991).

It is not only the ongoing hardware production leé internet that is unseen; at
the infrastructural level what is carried by dagaworks is entirely invisible in a
phenomenological sense. Unlike cars on the roashstion the track, or letters in
the mail, the packets of data flowing through theeinet do not exist at the
analogue scales of human senses. Bits (binarysjligftdata are composed of
discrete states of energy propagated at variouselemagths (light, radio,
microwave, and so on) and have “no colour, sizeyaght, and can travel at the
speed of light ... [they are] a state of beingoomff, true or false” (Negroponte
1995, 14). While the bits are easily interpreted doftware, they must be
rendered through interfaces for people to comprehén is, therefore, not
possible to observe the operation of the Internatediated. This is problematic,
in particular, for companies selling Internet netkveervices who need to make
their infrastructure into something potential cuséws can trust. As a
consequence they have to construct a connotatiomfigstructure in a way
people expect it to look using a range of visuatapkors, of which world maps
showing the geography of routes is a primary vehi{see case study analysis in

chapter six).

4.2.2 Transparent in use

At a higher level than traffic flows, the Internstalso ‘invisible-in-use’ because
data networks are intangible in terms of consunx@egence. In conventional
transportation infrastructures, passengers and emrivhave innate and
phenomenological knowledge of the networks throtigh journey experience.
They comprehend the physical nature of the infuattire by kinaesthetic
interaction with cars, trains and planes - thedfifeeat of the pants’ feel of the
network. Telecommunications, in their inherentuaiity, are completely lacking
such experiential comprehension. Thack of human touch definesele-

communications.
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No knowledge of the Internet as infrastructureasmgd from browsing the Web
for example, it gives off no physical sensationke Tnajority of people on the
Internet are never aware of the vast infrastructhey are utilising because it is
consciously hidden from them, behind software fatms. (Again, as noted
above this is problematic for companies in the actousiness of Internet
infrastructure, who commonly use deploy market mapsgive potential
customers a visible sense of how extensive and oltheir network is; see
discussion in chapter six.) Such infrastructurahag@alment is seen as a good
thing by the industry - it is described as the wmk being transparent to the
user®. A key part of the power of the Internet has bésmability to provide
seamless, end-to-end, communications services aouers do not have to
worry about the structure of the underlying netvgodnd the complex ways in
which traffic is transmitted. Indeed, one mightweghat the Internet could only
become such a successful and widely used mediarameinication once its
arcane technicalities were rendered sufficientlyisible to users, through
developments such as the Web browser.

Moreover, a large cadre of computer science reBeescnetwork engineers and
industrial designers are striving to greatly inseathe degree to which
computers and the Internet fade into the fabriewaryday activities. Working

under the banner of pervasive computing they areirgj for systems that are
“so imbedded, so fitting, so natural, that we usevithout even thinking it”

(Weiser 1991, 94). Scholars in this area arguedhaent ICT use, is in fact, not
transparent enough, requiring too much cognitiiereto achieve the desired
results (cf. Norman 1998). The promise of nomadiaays-on access through
wireless networks will, advocates argue, make thmermhet as invisible and

ubiquitous as air.

4.2.3 Disappearance by social naturalisation

The conduct of daily life surely demands a tactical lack of curiosity! But that lack of curiosity

carries costs and overhead expenses as well as benefits. (Bijker and Law 1992, 2.)

* Transparency in this sense means that infrastei¢tloes not have to be reinvented each time
or assembled for each task, but invisibly suppttrtse tasks” (Star and Bowker 2002, 152); the
archetypal of this, in developed countries, is dstneslectricity supply.
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As well as being materially unseen and intangilleuse, probably the most
effective way that Internet infrastructure is maadesible is through its subtle
disappearance from people’'s consciousness. As it mated by scholars
interested in the social shaping of technology,eoan infrastructure becomes
commonplace, people do not much care for how raluced, for they exhibit
“a tactical lack of curiosity” according to Bijkand Law (1992, 2). It becomes a
‘taken-for-granted’ feature, fading into the baakgnd of everyday life.
Infrastructure is something you notice more byaltsence than its presence.

From being a novelty in the mid 1990s, the Interhas quickly become
culturally naturalised, with email addresses andbsies part of common
vernacular. Concerns about ‘digital divides’ notwitanding, many businesses
and government agencies now presume dlgbeople have Internet service and
are sufficiently conversant with it to obtain infeation and perform transactions
online. (Arguably, connotations of ubiquity and wersality is, in part,
constructed through the particular kinds of worldevimapping of Internet
penetration statistics by some organisations; se¢ysis in chapter five.) Such
everyday social-cultural familiarity is clearly bmlrup with transparency in use.
As infrastructures become more transparent (ance malrable, affordable and
universally available), so they morph in charaftem desired conveniences to a

necessary and seemingly naturally-given part ofitleel environment.

This is often conceived of as a process of ‘blagkHg’ in which infrastructures
are “treated by users as unproblematic and ‘closediotechnical artefacts that
[can] be relied on without much thought” (Grahan®@0184). One might argue
that the best infrastructures are those that aréblsck-boxed’ they are not
noticed at all; they are also the most powerfule @b affect deeper or wider
ranging reorganisations of socio-spatial relatigmshwithout scrutiny or
resistance (again, electrical power supplies semgemn archetypal case). Indeed,
one way of assessing the extent to which technedpgncluding the Internet,
have moved ‘backstage’ and been ‘black-boxed’ isrtgasuring the degree of
dependency people are willing to place on themhSliependency is exposed in

the disruption caused when infrastructures tempwriil, for whatever reason
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(e.g., the large degree of inconvenience to evergddivities caused by power

cuts).

4.2.4 Occlusion through institutional normalisation

Large infrastructures are produced by institutiansl their ongoing production
requires huge amounts of mundane, easily-overloo&eghnisational work
(construction plans and maintenance schedules, atpeal staffing

arrangements, business processes, financial maeagetechnical standards,
and so on). Internet networks are as much an owcomthe institutional

practices as they are the result of physical wires.

Yet this kind of institutional work tends to becomermalised, bureaucratic and
anonymous. Infrastructure invisibility is manufaetd institutionally then, by

obscure regulatory structures that make it hardiseern sources of decision-
making power, by complex pricing models that hidal rcosts and deliberately
opaque ownership structures which make it unclelao wontrols companies.
Ultimately, the complex institutional power struas underlying the supply of
the Internet into people’s homes contributes to ingakthe infrastructure

invisible. (Many of the companies examined in ckagix who run large parts of
the Internet networks are obscure because theyotiosell services to end-

customers.)

Institutional working is itself is bound within tharevailing political-economic

structures. Through much of the second half of ttkentieth century utility

infrastructures (electricity, water, telephone, ngortation networks) were
operated within monopolistic state ownership strret. Generally, these had
clearly established remits and strong public ide#ifor the infrastructure they
managed (even if they were not well liked, e.gtiBmi Rail). Since the 1980s,
this institutional unity in provision has been 8eliately broken apart - so called
‘unbundling’ or ‘deregulation’- through processdsntarketisation, privatisation

and regulatory liberalisation. Such fragmentatiorans there is a lack of a
constituted, agreed institutional identity for iilproviders. In the case of the
Internet, whose job is it to keep the infrastruettwnning? Graham and Marvin

(2001) characterise this shift as a ‘splinterinigamism’, arguing that it is giving
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rise to “premium networked spaces’ that are cusseoh precisely to the needs
of powerful users and spaces, whilst bypassing pesgerful users and spaces”
(Graham 2000, 185). Internet provision is a primaneple of such premium

networked spaces, with its pricing, quotas anceceffitial bandwidths.

Another significant element in this invisibility @fstitutions owning and running
the infrastructures of the Internet is the obsyguoit the workers who do this
work. The skilled labour force required to builddapnperate the Internet is
largely invisible, and when acknowledged they afeero denigrated as just
‘technicians’ in comparison to other more attragtoccupations associated with
the creative industries of new media. This aspéd¢he ‘hidden’ workforce in

information infrastructures is not new, as Down2§(1) shows in relation to the

telegraph era.

4.2.5 Implications of infrastructure invisibility

Infrastructure can be dullest of all topics. It can also be the most important. Infrastructure
defines the basis of society; it is the underlying foundation of the facilities, services and
standards upon which everything else builds. (Norman 1998, 55.)

The above dimensions of infrastructural invisilgilihave consequences, both
pragmatic and political, for understanding the rexf the Internet. Firstly, from
a practical point of view it means infrastructutead to be little studied within
social sciences. They are easily overlooked by lachoand deemed to be
insignificant elements in wider analysis or arensas ‘mere’ technicalities with
little scope for socially informed research. Hill{g998, 544), for example,
argues that infrastructure invisibility across saleegisters has been the key
reason why telecommunications have received sctentmn by the human
geography disciplime “[flor a discipline firmly rooted in an empiricaind
visually dependent understanding of the facts,dften, if it can’t be seen ‘it's
not geography’.”

® There have been some noteworthy academic attemptaderstand the physical construction
and geographical embeddedness of network infrastes; in spite of the varying dimensions of
invisibility, e.g., Boardet al. (1970); Gottmann (1961);Graham and Marvin (1998)13; Hugill
(1999); Mitchell (1995); Townsend (2003).
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The failure of much of the social sciences to takeserious interest in
infrastructures is compounded by the lack of piielts and comprehensible
documentation of them. This is particularly the ecagith the Internet, with
available data being partial, spatially incompldragmented organisationally
and often held to be commercially confidential @fubesic and Murray 2005;
Jordan 2001). In relation to network maps for comuiaé promotion, chapter six
discusses the impacts of partial and missing traffita for misunderstanding the
nature of Internet infrastructure growth. Furtherea@s an infrastructural entity,
the Internet is essentially made intractable bexafists undocumented presence
in standard government statistics and on generfdremce mapping. For
example, the terrestrial fibre-optic cable systemnéch sustain the Internet are
not present as a layer in published topographic dadgbases (e.g., in Ordnance
Survey's MasterMap product in the UK)Being unmapped in this way is, in

many respects, tantamount to being invisible faysis’.

From a political perspective, critical studies ofrastructures are made harder
because of the ways in which institutions delibgyakeep them as ‘black-
boxed’ systems, to keep people from easily obsgr¢and questioning) their
design and operational logics. Invisibility of thefrastructure provides an
effective cloak under which dubious or iniquitouagdices can be safely carried
out by institutions owning and operating them. Taek of critical studies of
Internet infrastructure mean intensifying bias he tongoing production of
networks that widen social difference and ineqigditacross space are
unchallenged. It also precludes informed discussionays to build and operate

infrastructure differently.

® Utility engineering departments do have facilitieaps showing pipe and cable routes but these
are typically not available to the public and innpa&ases are incomplete and of varying degrees
of accuracy.

" As noted in chapter six, this limit has meant scanademic and policy analysts have been

overly reliant on the vagaries of network marketmaps produced for commercial promotion as
their source of primary data on the extent of im¢infrastructures.
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4.3 Therole of verbal and visual metaphors

The generation of popular explanations of the t@emvolves the classification
and conceptualisation of an unfamiliar phenomenen, Extensive but invisible
infrastructures which support novel forms of inténze media) into a set of well-
known categories. This process can be effectivetgomplished using
metaphors, which constitute an important and péreasorm of figurative
speech, fundamental to human language and whictctgte cognitive
experience (Lakoff and Johnson 1980). Here | camnsierbal metaphors first,
followed by a discussion of common visual spatiataphors, used to represent,
imagine and ‘explain’ Internet infrastructures, ghat least in part, overcoming

its multidimensional invisibility.

4.3.1 Linguistic spatial metaphors

The expanding lexicon of the Internet ... is not only replete with, but actually constituted by,

the use of geographical metaphors. (Graham 1998, 166.)

Metaphors are linguistic tools that facilitate uredending of a unfamiliar subject
by bringing another, more familiar, concept in eaogtion with it. According to
Lakoff and Johnson (1980), metaphorical schemasungiothe conceptual
structures of a novel domain (target) to a knowmyspal one (source). The
metaphor works as a transfer of concepts from sotwctarget, in which the
transferred, familiar concepts interact with thewneainfamiliar context,
highlighting its nature and producing effects innte of potential shifts in
meaning. As Sawhney (1996, 292) argues, metaploeateé a ‘stereoscopic
vision’” which allows for simultaneous viewing of adea from two or more
points of view.” The unfamiliar motorcar when itdi appeared in 1880s, for
example, was explained as a horseless carriagepthgrounding the unknown
by proposing that it can be seen as being likectramon horse and cart. The
insight generated by a well-chosen metaphor conoes the point ofnteraction
between familiar concepts and unfamiliar contekietaphors create an image
that is usually far from the actuality of the sulbjefor example, the reality of
Internet access via dial-up modems in the early049%as at odds with

‘highway’ metaphors, and yet effective metaphors qeervade the popular
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imagination through reproduction in the media, geamdlessly circulated and
refined, so that they become a natural and inagaairt of language and thought.
Furthermore, metaphors become part of defining ¢h#ural contexts of
communication and play a major role in the legisiation of certain social values
and in the denial of others. The choice of metaplan reveal as much about the

speaker as what they are actually talking about.

Metaphors can work as self-fulfilling prophecieswtich the phenomena so
described gets progressively remade to fit its dami metaphor. “The
metaphors that are used to study an emerging tegiyip Sawhney (1996, 293)
notes, “usually end up influencing the shape itesak This can be seen for
example, in the legal frameworks enacted to reguihe Internet, which are
based, in significant part, on metaphors from agpartation context relating to
physical movement of goods (see below). The cone¢ftamework from which
particular metaphors are drawn is important becatlmy impart certain
properties and favour certain implications. Corifrador example,
conceptualising Internet infrastructure as medighwhe associated range of

broadcasting metaphors, instead of the more uidnaransportation one.

Metaphors must, therefore, be read as politicahbbee their linguistic power can
effect social change in terms of the way a new phemon is perceived, in the
service of certain interests. Adams (1997, 15d¥s ¢hls effect a “cognitive jolt”
that makes people stop and think in a new way,itacah be used to destabilise
accepted norms. Metaphors can also be deployedigsvely to contain and
normalise threats to powerful interests from newn@mena, such as a disruptive
technology like the Internet. Metaphors, then,amntested domain of political
action because they affect how people talk abautnbrld which, in turn, affects

the way they relate to it.

In circumstances where there is “high uncertaimigsing data, unclear goals
and poorly understood parameters” (Klein 1987 qlisneSawhney 1996, 292),
the most productive means of explanation of a neehriology can often be
through metaphors and analogies. This was thewiisd¢he Internet in the early

1990s when it was in its social ‘discovery’ phagedevelopment in Western
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consumer societies. It is important to think abthé politics lying behind the

work metaphors were being employed at this time.

Metaphors from many different conceptual framewoheve been actively
deployed to characterise the Internet. For examible, Internet as a living
organism (such as a tree, a body or brain); thernet as a city (with streets,
towns halls and suburbs); the Internet as a mddagp(with online shops,
virtual money, and e-trading); the Internet as temt text (with its letter
metaphors of web pages email, addresses and gignfiies). The map and
mapping practices related to navigation were thérasealso a prime source of
metaphors for explaining the Internet. Metaphomnfrmultiple domains were
employed simultaneously, often in competition tandwate a discourse. The
result was a confusing ecosystem of metaphors Psdmquist 1996), being
combined together and clashing against each otiheronfusing, sometimes
creative ways (e.g., the notion of information préed as a ‘Web page’

combines the organic framework with a book-bouraagy).

Each of these metaphorical domains highlights cerapects of the Internet,
downplays some and hides others. Some clearly diegiance to U.S.-centric
domination of the Internet's infrastructure develmmt and media-driven
popularisation; for example, the large number obnfier related metaphors.
This metaphorical domain is seen as foundationaih&my American cultural
myths, pregnant as it is with complex connotatiafissocial autonomy and
political conquest (cf. Adams 1997; Yen 2002). Asraple in 1990, Mitch
Kapor and John Perry Barlow, co-founders of thetibaic Frontier Foundation,
a U.S. interest group that works for Internet fspeech, wrote: “In its present
condition, cyberspace is a frontier region, popdatby the few hardy
technologists who can tolerate the austerity ofsagage computer interfaces,
incompatible communications protocols, proprietdogrricades, cultural and
legal ambiguities, and general lack of useful mdpslhe nature of social and
spatial relations implied by this kind invocatiofh the frontier (zone beyond
legal control, self-reliance, boundless opportesitior risk takers and so on) are
seen as ideals, by some, for the kinds of new tdobical opportunities the

Internet promised in the early 1990s. It also “suppan often-made claim that
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cyberspace is different from real space, and tlo&egment should generally
refrain from regulating the Internet” (Yen 2002, 3kt the frontier is as much a
romantised myth of progress that consciously elitles very detrimental

experiences for many living on the frontier, with profiteering, rough justice,

racial prejudice and casual violence.

The notion of a frontier also has direct and sigaiit connections to
cartography. The act of mapping frontiers beginsetaler these uncertain spaces
as definite lines (a classic example from histogyng the Tordesillas line that
divided the New World for Portuguese and Spanishquest). Inscribing the
frontier begins to formalise its existence and espntations necessarily fix its
position. Mapping as an act of enclosure transfdrotgtiers into known borders,
able to separate inside from outside, to determine belongs and those who do
not. In some senses all that world maps are sesalbytiis just frontier signs, but
quite problematic for all their connotations of iddy and reality; as Black
(2000, 218) observes: “[c]learly contrasting prignacolours and firmly
delineated frontier lines do not describe adequabelaccurately problems of
multiple allegiances, overlapping jurisdictions andmplex sovereignty...”.
Also, on the ground, at the frontier line therefien no physical trace to be seen
yet the map has real force in construction of tienyi

Besides the ‘frontier metaphors, another notewportiollection of spatial

metaphors applied to the Internet uses familiahigectural places (e.g., library,
shops, farms, etc). Others characterise the Irtteméerms of container-like

space (e.g., rooms, sites, malls, communitieses;itspheres, worlds and, of
course, cyberspace itself). The metaphors in tikagter-spaces framework are
somewhat more abstract than others, but have hevess proved to be
particularly potent in defining the Internet asearitorial system, with discrete

locations and a bounded sense of inside / outside.

Metaphors built around architectural places areo alsry common, subtly
suffusing throughout Internet imaginary. Familimnmtestic environments of the
home and work have been metaphorically co-optedite concrete cognitive

forms to invisible Internet infrastructures andithetangible media (homepages,

120



Chapter Four: Imagining Internet Infrastructures

digital libraries, virtual classrooms, server fararsd so on). There are almost
endless combinations of them and they have bededcesgether by function or
linked thematically. Internet evangelist, HowardeRigold, who was the lead
propagator of the ‘virtual communities’ movemeriséif a potent metaphor),
gave a vivid description in the early 1990s of #ueial forms of part of the
Internet, by mixing together multiple architectupddice metaphors:
“... a place for conversation or publication, likgiant coffee-house with a
thousand rooms; it is also a world-wide digital siten of the Speaker’s
Corner in London’s Hyde Park, an unedited collettaf letters to the
editor, a floating flea market, a huge vanity psidéir, and a collection of

every odd special-interest group in the world.” éRigold 1993, 130.)

The coffee house is particularly interesting agpatial metaphor with assorted
meanings. It is applied to describe the social neatd cyberspace, imagining the
Internet as an ideal venue for particular kindglistourse and discussion. The
coffee house has many connotations in Europeaheictigal thought and public
life, being regarded in the eighteenth century ms of the wellsprings of the
Enlightenment, a place from which new ideas inrsmeand politics emerged
and could be openly debated. It was a place to tkeetinded thinkers, share
scholarly gossip, read political pamphlets and hebout new scientific
discoveries from the men themselves. The coffesdotas a public place where
you could be seen to be in serious conversaticgtsit yalso offering room for
private dialogue (but with the risks of being owald). Besides discourse, it was
also a space for where business could be condumteldcontributed to the raise
to form new forms of capitalism and entrepreneyrstiich were distinct from
traditional sources of wealth and power — the dhutbe king and landed

aristocracy.

Yet for all the progressive idealism bound-up ie thotion of coffee house
culture — which obviously made it an apposite mietago apply to mould the,
then, formless Internet for ‘cyber-utopianists’diRheingold — it implies certain
kinds of acceptable context and social relatiorge most obvious being around
class and gender. The coffee house was not welgptoirall, it was only a

convivial space only for certain class of men emgggdn serious talk. It was
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distinct from the ribald alcoholic atmosphere a# (fworking class) public house
or the trivialities of chatter of the (feminine)atshop. While the coffee house
metaphor connotes openness, it has distinct san@lmaterial boundaries that
create categories of insiders and outsiders. Italss a space of labour relations
with people serving and people being served. It evdg democratic for those on
the one side of the counter and with the levelnebme to be able to afford to
indulge in the new taste for coffee, an expensiuguty, indicative of
sophistication and certain social status. Evenytaot#fee drinking implies a
different set of behaviours and identities to, dager drinking, as does the use
of the Internet which for some is about edificatioat it also offers prurient

recreation for others.

A thorough application of architectural imaginaoymetaphorically ‘explain’ the
nature of Internet infrastructures is given in thietings of William Mitchell
(professor of Architecture and Media Arts at MIH)is influential bookCity of
Bits (1995) published in the midst of the Internet &aif’ was one of the first to
analyse the significance of emerging Internet stfiectures for the built
environment. Mitchell’'s (1995, 107) thesis claimixht “[clomputer networks
[will] become as fundamental to urban life as dt®stems. Memory and screen
space become valuable, sought-after sorts of stateg” The highpoint of such
urban-centred metaphors came in the late 1990s pottularity of ‘virtual
cities’, some of which were ‘grounded’ with real-igbequivalents while others
were purely imaginary (Aurigi 2005). This has noeeh large usurped by the
rise of placeless social networking focused arounttividual ego rather than
communal life, as seen in the popularity of sewiseich as Facebook and

Myspace.

The widespread application of such architectural ety metaphors clearly has
utility in making foreign media-based environmetfets| familiar, yet they are not
innocent (mere convenient linguistic devices). Tbeer-reliance on such
metaphors, Graham (1998, 167) argues, “actuallyeserto obfuscate the
complex relations between new communications afairmation technologies
and space, place and society”. How far is a diditabry really like a ‘real’

library, for example, in relation to issues of a&s;eusability and privacy? More
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subtly, these metaphors bring with them the oppressotential of manmade
environments, with their established power georegtof ownership and rules of
access and exclusion. As Adams (1997, 167) noWws right worry that the
primary function of virtual architecture would bdiad of containment, in which
there was no longer an ‘outside’ and populationseveerywhere contained and

subjugated.”

Beside place-based ‘nouns’ to describe the formthefinternet, the action of
using the network is frequently described in tewhspatial ‘verbs’ of physical

movement and embodied travel. The lexicon of suetaphors includes: surfing,
navigating, exploring, homesteading. (They are equifferent from ways of
describing other media use, e.g., book reading taelaVision viewing.) These
metaphors of movement also encompass spatial otdnfollowing paths,

getting lost, hitting dead-ends and the discovdrpew places. Online activity
draws from “every imaginable environmental situatisuggesting not simply a

virtual place but an entire virtual geography” (At1997, 155).

Closely allied with the spatial metaphors of movatheised to explain
participation in computer networks, are the tramggimn-oriented metaphors of
pipes, routes, rails and especially roads used nalogise data flows.
Transportation metaphors conceptualise the widdecisf of the Internet
infrastructure not as a virtual territory but asnaans taraverse real territory,

typically at great speed. (The nature of maps ahdportation and travel
contribute to this, with their highlighting of netwk above topography, see
discussion in chapter six in relation to marketmgps.) The implication of this
metaphorical approach to infrastructure, is thégrimet’s role is primarily about
improving efficiency in shipping data, which isdted as a bulk commodity to
be rapidly moved from point-to-point. The most coommof these traversal
metaphors is, of course, the ‘information supenwiayi, which coupled the
nascent Internet directly with ingrained Americastions of automobilit}, At

the end of 1993 the highway metaphor was invokeetty as a political ideal of

8 Of course mapping played a part in the rise ofatdiure, representing the landscape in ways
amenable to drivers as the analysis by Akerman312902) has shown; see chapter six for
discussion.
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what the Internet should become, as then U.S. Fresident Al Gore asserted:
“Today, commerce rolls not just on asphalt highways along information
highways” (Gore 1993, 3).

Coming from a strongly techno-utopianist perspe&gtiSore championed a vision
of universal public access to the Internet, exptgirthat a helpful way to think
about such an infrastructure was as “a networkighways -- much like the
Interstates begun in the ‘50s. Highways carryirfgrimation rather than people
or goods” (Gore 1993, 5). Although these new ‘infation highways’ would be
built by private capital, the clear analogy withadoinfrastructures of the past
implied that the government had a positive so@atit to oversee development
of the Internet, to ensure equality of provisiom dhat all places are connected.
Furthermore, the government had a duty to set thmdwork of the market
(equivalent to the highway code) to ensure “thellelve a ‘public right of way’
on the information highway” (Gore 1993, 10), rattiean a private network, such
as cable television.

The ‘information superhighway’ metaphor proved ® @ potent choice and it
quickly grew to be one of the dominant metaphogdiag to ‘explain’ the nature
of Internet infrastructure in the mid 1990s, enslespromulgated in media
coverage and in government repartévhile the socially progressive goals of
Gore’s vision were clearly articulated, the choaéehe highway metaphor itself
imposed distinctly instrumental notions on the fatushape of network
infrastructure: it would essentially be a flat laiexhy, accessible only at certain
junctions, with people as passive drivers only ablgo in certain direction®
Highways are, after all, built for efficiency ankig has been paralleled in the
Internet’s subsequent development. As such theeltughway' had a “strong
aura of linearity” (Sawhney 1996, 304) and can éedras an extension of the
individualistic economic model over the communaarione that dominated

much of the Internet's nascent development in #gte 1980s (emphasised, for

° The British Library catalogue lists 71 books whicontain the phrase ‘information
superhighway’ in their titles. Thirty-four of thebeoks were published in 1995.

19 Interestingly, this passivity was itself subvertegtaphorically when commentators argued
users should be allowed the freedom to ‘go off toad
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example, in Rheingold’s deployment of the ‘virtuedmmunity’ metaphor).
Sawhney (1996, 307) argues that at its heart, tighway metaphor is
reductionist: “[tlhe ritual or the communal aspefthuman communication is

almost totally neglected” in favour of maximisirgettransfer of information.

The subsequent demise of the ‘highway’ as a meéuirexplanation of the
Internet shows how metaphors are contingent, paatid contestabté By the
end of the 1990s the ‘superhighway’ metaphor hamine a thoroughly clichéd
moniker and was being used most often in a derisenge. It was also deployed
counter-factually as commentators pointed up tlétyeof network ‘dirt tracks’
outside the developed core in discussion of gldtarnet diffusion and digital
divides (The dichotomy of diffusion versus dividesconsidered in depth in
chapter five in relation to the role played by glbbcale mapping of statistics on
Internet globalisation.) As Sawhney (1996, 300)esot‘The initial metaphors
basically function as provisional hypotheses wlgen be held only as long as
the facts permit”. As more people experienced tierhet first hand, and used it
productively for everyday tasks, the appeal of'thghway’ metaphor waned, to
be replaced by more organic metaphors of Web emwviemts and social

networks.

4.3.2 Visual metaphorsfor Internet infrastructure

Metaphors are not just verbal constructs, theyezprally be fabricated through
visual imagery. Given that much of modern expereiscconstructed ‘second-
hand’ through visual media and marketing imagenpiimt and on screen, in
many respects visual metaphors enjoy even greaihtical significance in
defining ‘what the Internet is like’ than their &l counterparts. This is well
recognised by designers of advertising who strovénvent new metaphors and
them taken up into circuits of cultural communioat{see De Cockt al. 2001;
Goldmanet al. 2003).

1 Of the 71 books with ‘information superhighway’ their title catalogued by the British
Library, only four have been published since 2000.
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As noted in the introduction, the Internet lackssiagle, obvious, physical
representation that people experience for themselbich could be moulded
into its defining visual metaphr Uncertainty on the ‘natural’ visual shorthand
for the Internet for a general audience is apparentexample, in newspaper
coverage in the 1990s that juxtaposed quite difter@age types. A significant
proportion of these visual metaphors called upqgulieitly spatial constructs to
make the Internet appear as a tangible entity opléme it within familiar
geographical contexts. Here, | audit and interginetsignificant types of visual
spatial metaphor that imagined the Internet infeestire in four categories: (i) as
a network of wires, (ii) as flows around the glofig@) as machines for moving

objects and, lastly, (iv) as abstract clouds amggimisms.

4.3.2.1 Wiring visions

The commonest visual analogy to explain the Inteasea spatially extensive
infrastructure is a physical network of wires. Verfyen this imagery uses arc-
node route lines plotted on top of a geographieaklmap such as the illustration
of undersea cables shown above (Figure 4.1). As they are part of a lineage
of sketching the pathways of human movement stirjctback throughout
cartographic history to the earliest maps scratecheéde sand. Route maps have
been applied to telecommunication systems sincg #merged in the mid
nineteenth century, as shown in chapter six. As isual analogy they
demonstrate the material reality of the infrastitetin relation to a familiar and
trusted geographical backdrop and are most widelplayed in commercial
promotions as the analysis in chapter six demaestra

The ‘wires-on-the-world’ visual analogy also undéesla great deal of ‘maps of
cyberspace’ produced (see examples in chapter)thfbeey can be produced at
different scales, from local maps in the form ofring schematics for a
neighbourhood or an individual corporation, up ttmbgl scale maps of

transcontinental cable systems (Figure 4.1 abdMajional and global scale

2 Here, | am distinguishing the Internet as an Btficture, from the consumption of particular
Internet services. The Internet as a service ikcayly represented visually by screenshots of
particular media interfaces, such as websitesctioa’ (e.g., e-commerce was often ‘explained’
metaphorically by a visual image of Amazon.com’'siepage).
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maps of infrastructure are frequently producedas @f network marketing (see
chapter six). The level of realism in plotting tloeeites of lines can be varied and
in many network maps the routes are logical linktMeen end nodes and bear
no relation to the physical pathway of the cabletlom ground. Increasing the
degree of topological generalisation of route limeerphs the Internet from
conventional geographical network mapping into afale scale-distortion

subway maps and non-geographical circuit diagrdmugi(e 4.3).
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Figure 4.3: Internet infrastructure explained udimg subway maps metaphor. This example was

produced by Interoute in 2000 to promote its Euampeetwork. (Source: www.interoute.com.)
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Figure 4.4: Top: A dazzling network of wires proggdthe central metaphor for a visualisation of
NSFNET infrastructure produced by Donna Cox and eRolPatterson, National Center for
Supercomputing Applications, University of lllinoldrbana-Champaign in 1994. The figure
itself is a single frame from a short movie of gp@wth in traffic on the NSFNET backbone
(source: NCSA 1994). Bottom: The metaphor of ‘ascsoss the world’ creates a visually
arresting image of Internet traffic flows betweeftyfcountries as measured by the NSFNET

backbone for a two hour period in February 1998i(s®: Cox et al. 1996).
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Attempts have also been made to increase the visophct of Internet
infrastructure maps by stringing the wires in thdemensions. One of the best
known examples is the NCSA (1994) visualisationtttd NSFNET network
backbone (Figure 4.4 top). The network is imagiggolving white hot with
pulses of data-light in the inky dark sky, a powerpresence radiating
connectivity down to the nation. This striking inealgas been widely circulated

and reproduced.

The NCSA visualisation is also interesting as é@nlals together the iconography
of the engineer’s wiring diagram with the themalisplay of statistical mapping.
The connecting lines from ground to network in 8k are colour coded to
indicate the volume of traffic flowing from indivighl sites onto the network.
“Icons such as this rely on the associations tlikeamge makes between familiar
forms- the maps of the United States with conngdiimes — and the unfamiliar
and formless realm of electronic networks” (Kalidkakker 1994, 313).
Showing flows, rather than just the wire routesaohetwork, opens up many
possibilities for metaphorical invention. Althoughjs approach is unusual and
most network marketing maps are much more convenfsee discussion in

chapter six).

Another visualisation from the mid 1990s illusteatsell the potency of visual
imaginary to capture the essence of the Internedigglaying real flow data in
three-dimensions (Figure 4.4 bottom). The Arc-Traragp of global traffic flows
imagines the Internet as a set of fountain-likes arclight traversing the world.
The colour, link style and height of the arcs emcsthtistical information. It is
important to realise that the arcs are not denotiatyork links per se but
symbols plotted between capital cities to represggregate statistics on inter-
country traffic flows. The map was produced by tbgearcher Stephen Eick and
colleagues at Bell Labs-Lucent Technologies in 18986part of a project to
create compelling 2D and 3D visualisations to usi@ded network data flows. It
is a screenshot of an interactive visualisationl tdwy developed called
SeeNet3D (Coxet al. 1996). Of all the maps and diagrams cataloguethen
Atlas of Cyberspaces, the ‘arcs-across-the-world’ metaphor at the heérhis

image is far and away the most requested one foodection. In this manner, a
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few of most the visually impressive and compellmgps begin to define how
the actual infrastructure of the Internet is peredi Yet, it is not an innocent
image. As Harpold (1999, 5) points out, the undegymetaphor draws its
energy from “visual discourses of identity and riedddentity that echo those of

the European maps of colonized and colonizableespbinearly a century ago.”

Ilnternet World

Figure 4.5: An effective example of the globe mbatapused to visualise Internet bandwidth
statistics. It was conceived by Gregory Staple ldadtin Dodge for a commercial poster in 2001.

(Source: Peacock Maps, <www.peacockmaps.com>.)

4.3.2.2 Global visions

The earth globe is a dominant visual metaphor instdfea contexts. The
capability to command global vision is intimatelgsaciated with modernist
culture. The globe has symbolic power because ‘lwasaume for ourselves the
position that most peoples have historically reséror God. No longer confined
by the local worlds of our direct experience, tlaaeption of the globe allows
us to make geography, for us to predict and thedidoover new spaces, new
worlds, new peoples” (Cosgrove 1989, 13). The glue become integral in the

imagery of many elements of corporate capitalism.g.(e aviation,
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telecommunications), as well as the key icon fa émvironmental movement
(the ‘Whole Earth’ idea) (Cosgrove 1994). Univelsalisplayed, often to the
point of cliché, it isthe iconic symbol of a business or institution with nde

wide operations or aspirations, and potent for @spnting internationalism in
political campaigning (cf. Edsall 2007) The glolpa&rspective, derived directly
from the arms-race technical capacities in sateifibnitoring, is also bound up

with the militaristic gaze of command and control.

The globe as a visual metaphor is immediately neisadlé>. It has become a
staple visual metaphor for the Internet, with netwarcs or data flows being
wrapped around the world (good examples visualigiagects of the Internet
infrastructure on the globe include: Cetxal. 1996; Lammet al. 1996; Munzner
2000). Globes were used as the central motif onstep callednternet World,
produced by Peacock Maps in 2001 (Figure 4.5). 8 kirews on the Earth show
curving lines between capital cities to represdrg tvailable international
Internet bandwidth. The height of the arcs abowe dtirface of the globe is a
function of distance. This is an imaginary viewtloé Internet, as if seen from a
God-like position, with a dense mesh of arcs arressing the USA from coast
to coast, along with higher, longer transcontinetianels curving around the
globe. The points on the glob&thout arcs are evident as well.

31t is also highly functional in graphic designrter because it can be rendered in myriad forms
from a naturalistic ‘blue planet’ to a very stylisémage conjured forth by a sparse grid of
curving lines.
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Figure 4.6: A step-by-step machine metaphor ushgqgraphs of hardware linked buildings to

‘explain’ basic Internet networking concepts (s@ur@uthor archive).

4.3.2.3 Machine-like visions

In a very different mode to maps and globes, therfret has also been spatially
envisioned as a machine with working parts whichdf@and transport items of
data. Representing the Internet through such mézdametaphors can be
particularly helpful in an educational context (e@ralla 2003). The simplest of
these approaches use photographs of actual netvaodware or iconic images
of equipment. These visual elements are sometimesepted as a systems model
showing conceptually how a message is transpondtht can be thought of as a

‘tin cans and string’ diagram (Figure 4.6).

More elaborate machinic metaphors imagine the rieteras a ‘world-in-
miniature’ inside the infrastructure. For examplearriors of the Net, a short
animated film, shows in a jovial, non-technical wépw the Internet works
internally by following the journey of data packétsough different parts of the

infrastructure (Elam 1999). Its underlying metaphsimows an industrial
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environment of grimy metal and of noisy machinesar example of
‘steampunk** imaginary, rather than the slick, clean cyberasfructure of

digital electronics and fibre-optics (Figure 4.7).

copyright. gunilla elam, e:icssbr? medialab -99

Figure 4.7: Stills fromWarriors of the Net film, using a mechanical metaphor to explain the
inner-workings of the Internet. Empty IP data paskeepresented materially as large steel
trucks, are filled with loads of data in the formletters (top). They are then carried aloft in a

freight elevator for entry onto the LAN (bottomdurce: Elam 1999.)

4 The visual aesthetic of ‘steampunk’ (named after tyberpunk genre of science fiction)
imagines advanced societies based on machinenglfyysieam powered) rather than micro-
electronics (cf. Gibson and Sterling 1992).
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Rather than just imagine infrastructure spaceseanhanical terms, others have
actually created physical machines to model therhat’s concept. For example,
Japanese media artist Kouichirou Eto created ‘a$vam model of the Internet’
that simulates physically the outward appearanaigifal bits and data routing.
As he succinctly notes: “[b]alls roll, and the wiorggs of the Internet are
revealed.*. Infrastructure is thus made tangible as an an@logodel, a real

spatial metaphor of the Internet that people canlsear and touch (Figure 4.8).

Figure 4.8: Kouichirou Eto’s physical model of theernet exhibited in National Museum of
Emerging Science and Innovation, Tokyo. The congrahel in the foreground is used to
compose short messages by hand using black and balls to encode letters in binary. Users
then watch their message move through the machkioegmpanied by suitably mechanical
sounds of clanking metal and clinking of ceramitishdSource:

<http://eto.com/2001/Physicallnternet>.)

The metaphorical use of the movement of real objextsuggest the invisible
workings of the Internet is also common. The powmd speed of flows of data
through network has often been visually connotedugh images of blurring
vehicle lights on highways or a soaring flight ogecity at night. The feeling of
physical movement experienced by the viewer capttire idea of flow through

networks. For example, Goldmah al. (2003, no pagination) highlight a MCI

5 Source: <http://eto.com/2001/Physicallnternet/>.
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WorldCom advert using this kind imagery, noting:€fid is the cyber-scape of
the moment, not simply a symbol of a future thatg®n us, but a functional
conduit, the veins of a network that like a rivierfs through us, connecting us.”
Intertwined with the evocative imagery of movemand the power of incredible
speed is the utopian message of transcendencetlwdyranny of place and
time, commonly used in promotional rhetoric of tNew Economy’ (De Cock
et al. 2001).

4.3.2.4 Abstract visions

The last category of spatial metaphors deployed etovision Internet
infrastructures connote in a very much more abswag. These metaphors draw
on naturalistic iconography of organic structuréee (fractal branching of trees
and leaves, structured lattices of coral and webspalers, the fine filigrees
patterning of brains or veins) and emergent adgsthetdolent of meteorology
and astronomy (cloud patterns, glowing gas nelandsstar clusters).
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Figure 4.9: A montage of typical representationghaf Internet as a cloud. (Source: various,

images gathered from the Web through Google imagech.)

The simplest and most common genre of abstracalisetaphors is the cloud

(Figure 4.9). Curiously, cloud diagrams are ubigust in the Internet literature as
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a visual shorthand for infrastructure, particularffgvoured in technical

‘explanations’, as they allow the author to sigritig Internet as a definite object
without needing to spell out the detail. As suchytlare a useful envisioning
metaphor precisely because they obscure the infrdste’s heterogeneity and
topological complexity: “the cloud’s main usefulsefies in its vagueness”
(Gibson, quoted in Scanlon and Wieners 1999, nanptign). Clouds can be
quickly sketched and are instantly recognised,“gaidk the founders of the Net
about the cloud, and it quickly becomes appareatt tthe Net cloud is as old as
the Net itself” (Scanlon and Wieners 1999, no paijim).

Internet data collected 09 Jun 1999 ~ /{4 -3

) NI \ 7
> i X, ..
98753 edges, 88126 nodes (42562 \eavegf); N A ] \
\ - k2
Hal Burch, Bill Cheswick /ﬁ- Y AT et achniogis

Plotted 1999-06-21 (-S 1) hitp:/iwww.cs.belllabs comi~chesfmap/index hir ©1999 Lucent Technologies

Figure 4.10: Connectivity graph to visualise theecof the Internet ‘cloud’ in topological terms.
The colour coding of nodes is according to thedBrass and seeks to highlight zones that share
common network addresses and, likely, corporateeesinip. The striking dark blue cluster
represents a key hub owned by Cable and Wireless¢ily MCI); Cheswick describes this as

“the magnetic north of the Internet”. (Source: Bitheswick.)
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Computer scientists and network researchers handuped many other abstract
visual representations of the Internet that trghow the full complexity of the
infrastructure rather than hide it inside cartotuds. These images, created by
and for technoscience elites, tend to be amongsinibst elaborate and visually
dramatic representations of the Internet (e.g.pthahree, Figure 3.4). They use
graph-like network representations to show the ltmpoof connections and are
distinct from the wiring metaphors using geographiarc-node’ links examined
above. Even though their construction is avowedighnical, some have

resonated with wider public constituencies asstdirenderings of the Internet.

The outstanding example of this genre emerged fthen research of Bill
Cheswick and Hal Burch (Figure 4.10). Their technoscience visualisatisn i
noteworthy in normative aesthetic terms, but alsdtipally, in terms of the
impact it has had on how the infrastructure hassegbently been imagined.
Automatic surveying of the topology of thousandsimterconnected Internet
networks provides raw data that is visualised aghgomplex, multi-coloured
graphs. The layout algorithm uses simple rulesh iarces of attraction and
repulsion jostling the nodes into a stable confijon that looks distinctly
organic. It is projected within abstract space heeaas Cheswick notes: “We
don't try to lay out the Internet according to geqdy ..... The Internet is its own

space, independent of geograptly”

Indeed, the power of the metaphor underlying theesick-Burch graphs
derives directly from this evolved, organic lookhis is what people in some
sensesexpect the Internet to look like now. Their results haween variously
described as a peacock’s wing or a coral reef. lggaphs have been widely
circulated, including being sold as large wall postproclaiming to show the
‘Whole Internet’, used on book covers and featuiredart galleries and as

'8 Begun in 1998 as a research project at Bell Lahgent Technologies and subsequently
continued as a part of commercial venture Lumetayw.lumeta.com>.

" Source: <www.lumeta.com/research/mapping.asp>.
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exhibits in science museuffis Typically, these types of abstract graphs are
employed as purely ‘artistic’ images and thererarenstructions as to how they
maybe interpreted, or even that careful interpi@taits necessary. The image’s
main function is as a connotation for the sublimenplexity of the Internet and

as a demonstration of the technical prowess aféator.

While they have become firmly established, showihg entity with “no
beginning, no centre, no end (or all beginning,calhtre, all end)” (McClellan
1994, quoted in Kress and von Leeuwen 1996, 88)wider implication of these
graph metaphors is the number of people who asdhatethey denote the
endogenous characteristics of the Internet intuatire itself. In fact, all the
visual properties of the graphs (geometry of thedj their spatial arrangement,
colours, etc) are exogenous to the phenomena leapgped; they are in that
sense purely technical artefacts. Changing thenpeteas of the graph layout
algorithm even slightly can produce a radicallyfatiént looking Internet. While
it is possible to make the Internet look like sdmmeg from nature, there is

nothing natural about the graph’s appearance.

4.4 Overcoming I nternet invisibility via scientific inscription

Instead of being a figment of one’s imagination ..., it will become a ‘real objective thing’, the

existence of which is beyond doubt. (Latour and Woolgar 1979, 241)

Using ideas from science and technologies stud®ES) concerning the
construction of objective authority within techneswe working practices,
particularly Steven Shapin’s (1984) theory of waltwitnessing, | will now

consider how infrastructure invisibility is overcenby computer scientists and

network engineers who are studying the structundsdgnamics of the Internet.

18 See <www.peacockmaps.com>. | worked for Peacogishta2001 and contributed to the
publication of the 200Whole Internet poster. Book covers include: Castellsternet Galaxy
(2001); Mitchell’sME++: The Cyborg Self and the Networked City (2003).
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According to detailed ethnomethodological stutfiey STS scholars, the natural
and biological sciences do not discover ‘laws durel, but socially construct
knowledge by stabilising particular experimentahdings as widely agreed
‘facts’. Because the phenomena to be experimentpdn uare usually
undetectable directly by human senses, they regueéasurement techniques and
graphical inscriptions to make them visually appareThere is an almost
obsessive preoccupation by scientists and engimatrsuch inscription (Lynch
and Woolgar 1990), producing a bewildering array“todces, spots, points,
histograms, recorded numbers, spectra, peaks awd’s@Latour and Woolgar
1979, 88). Indeed, Latour (1990, 42) has charaddrilaboratory work as
fundamentally a “cascade of inscriptions”. As vistgpresentations of ‘nature’
such scientific inscriptions are constructed fromeat empirical measurement,
then cleaned, redrawn, smoothed, transformed, iaatlyfdisplayed prominently

in publications to the bolster the of the truthmmla made in the text.

The potency of such inscription is due, in largg,da the ocularcentric nature of
Western scientific practices. Since the Enlightemimevision has been the
dominant mode of understanding of the material etoideeing is believing'.
Reflecting this primacy of vision, most geographiesearch, for example, was,
until recently, a matter of ‘looking’ at the lan@pe as the best way of obtaining
truthful knowledge (Sui 2000). It has been argubkdt tthe Enlightenment
‘scientific revolution’ itself depended significdynton Renaissance development
of new ways of seeing, such as linear perspeaté;h allowed the creation of
far more mimetic inscriptions of reality (Edgertd®75). Many ‘technical’
approaches in engineering-drawing, which are ndwertdor-granted modes of
inscription, were invented at this time, such ase thrthographic projection
depicting three views of an object, the explodeewwio show how complex
mechanisms were assembled, and the cut-away vislhaw internal workings.
Contemporary scientific endeavour - partly in resg@to modern media driven
agendas — has also realised the power of insanigtio public communication
and promotion; as Heller (2003, 57) wryly notess|¢[entific disciplines with

! These seek to understand scientific epistemolggipdking at what scientists and technicians
actually do in their everyday working practicesthem than accept the formally published
methodology of ‘discoveries’ as sufficient explaaatfor the production of knowledge.
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good pictures are rich in resources that keep themmoving forward.” This
equally applies to those scientists seeking rebdaraling to study the dynamics

of the Internet.

Inscriptions are usually produced by measuring @syispecialised machines or
an assemblage of apparatus designed purposefuiisatessform pieces of matter
into written documents” (Latour and Woolgar 1979,).5Inscription devices
come in all different sizes and work in a myriadddferent ways - from a simple
weighing balance up to an sophisticated radio ¢eles - but their end result is
always the same - inscriptive markings written ontpaper. The markings are
invaluable to scientific endeavour because “sci#sitihemselves base their own
writing on the written output of the [inscriptiorewces]” (Latour and Woolgar
1979, 51).

Yet, the real importance of inscriptions, LatoudaiNoolgar (1979, 245) argue,
is “not so much as a method of transferring infdiara but as a material
operation of creating order.” Inscriptions work‘toeate order’ within the social
practices in technoscientific settings in severaysv Firstly, they define objects
of interest. They are seen as having a directioelstiip to reality, providing the
focus of discussion about the properties of thenpheena that are otherwise
invisible. The pattern of peaks on the graph islfitanalysed as a legitimate
object of scientific study. Secondly, they are ansefor organising collaborative
effort between scientists and reaching common aggaé on ‘what is
happening’. As such, Roth and McGinn (1998, 21 @ratterise inscriptions as
‘conscription devices’, noting how they are of suchportance in many
discussions that “scientists and engineers wilp siomeeting to fetch a design
drawing, produce a more or less faithful facsinoifethe whiteboard, or render a
diagram in a gesture.” Inscriptions are also a neffgctive means of forging
unity of effort across different communities of giiees, which may well be
distributed geographically and in time. In this wagcriptions work publicly in
the production of ‘matters of fact’, that is disereelements of knowledge that
have been verified by the scientific community amjoy widespread assent as

being true explanations of reality.
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However, a significant problem in the productionsath ‘matters of fact’ is the
limited access to experimental activities and theer working of inscription
devices for independent verification. Scientistsvetto solve this verification
problem through what Shapin (1984) describes asraceps of ‘virtual
witnessing’, a way that an experiment can be walabserved via a particular
kind of publication of results rather than by beipggysically viewed in the
laboratory. Assent that an inscription constitwtakd ‘matters of fact’ can, thus,
be manufactured remotely and infinitely using Haey technology’. This is now
easily recognisable and taken-for-granted as afectibe’ style of scientific
writing, but it had to be invent&d It comprises a functional, dispassionate form
of prose, with a puritan form of diagrammatic ington. The results, Shapin
and Schaffer (1985, 62) argue, “served to annouasdf were, that ‘this was
really done’ and that ‘it was done in the way diaped’; [it] allayed distrust and
facilitated virtual witnessing.” Objectifying ‘maits of fact’ works by the denial
of human subjectivity. ‘Facts’ have to appear towendoeen discovered from
nature rather than being man-made artefacts.

For this kind of ‘literary technology’ to be suceéd in virtual witnessing it

requires that scientists themselves be ‘modestess®s’ - “the author as a
disinterested observer and his accounts as undloade undistorted mirrors of
nature” (Shapin 1984, 497). Modest witnesses dasdects objectively for the
advancement of science, not for personal rewardd; taey willingly admit

weaknesses in their methods and present the regutiged experiments. “Such
an author gave the signs of a man whose testimasyreliable” (Shapin 1984,
497). They produce descriptive and systematic vaoik do not indulge in overly

theoretical and speculative writing.

Literary technology for virtual withessing also ndates a very particular style of
published inscriptions. The now conventional sdfentiook’ of inscriptions is
achieved through various semiotic strategies, nwnyhich are also evident in

the generation of objective authority in modereisitography (see discussion in

% Shapin and Schaffer (1985) argue it came aboutlation to the contested emergence of
experimentalist natural philosophy in the mid ségenth century. They highlight the
significance of Robert Boyle's empirical studiestba nature of vacuum using air-pumps.
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chapter two). Objective authority is, in large padnstructed by how the image-
marker chooses to position the viewer in relatmithe data. Typically, technical
pictures are authored as the ‘view from nowherat 8ituates the viewer as an
outside observer. Kress and van Leeuwen (1996)tifgdereveral distinct
viewpoints that convey an ‘objective attitude’ bimgnating the subjective
distortions associated with linear perspectivisthede disinterested positions
include the front-on view, the cross-sectional veavd, most significant, the top-
down angle that “contemplates the world from a {kel{point of view, puts it at
your feet, rather than within reach of your hand&®ess and van Leeuwen 1996,
149).

Besides employing such objectifying viewpoints, fleeentific inscription’s most
conspicuous semiotic strategy is the strategic afsblank space. Scientific
diagrams are most recognisable by their lack ofoddmn or aesthetic
embellishment. Graphical austerity connotes objectuthority. The data are
always denoted on an bare white canvas to focestaih and to connote that the
data is sufficient and stand alone for inspectitre existence of issues of
uncertainty and province in the data are connabticovered over by the
blanket of white space. Such emptiness, accordinggynch (1985, 59), “is
infused with moral significance, inasmuch as itales the tacit claim of
scientific integrity, with motives assumed to beydred reproach, and is offered
with an unstated presumption that, if anything sigant should have been said
about the operational history of the graphic lieyill have been stated.” This
kind of semiotic interpretation is applicable toetleonnotative meanings of
modernist cartography, with Wright (1942, 527) ngtthat “[tlhe trim, precise,
and clean-cut appearance that a well drawn mapemiedends it an air of
scientific authenticity that may or may not be deed .... We tend to assume
too readily that the depiction of the arrangemdrthimgs on the earth’s surface
on a map is equivalent to a photograph — which;oafrse, is by no means the
case.” We can also draw direct parallels to MacEatii1995) two internal map
connotations of veracity and integrity discussecclmapter two. He gives the
exemplar of official topographic mapping claimirttat “[tlhe U.S. Geological

Survey uses highly detailed, unadorned, visuallgssaoming maps to connote
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accuracy, impartiality, authority — thereby cregtian impression that the U.S.

Geological Survey maps have no point of view” (Mackren 1995, 335).

A noteworthy manifestation of the active manufagetaf cartography with ‘view

from nowhere’ in the empty space, as Turchi (2B¥,says: “a blank on a map
became a symbol of rigorous standards; the presdratgsences lent authority to
all on the map that was unblank.” The origin ofstkirategy for a ‘scientific’

mode of cartography is often traced to Jean Baptsiurguignon d’Anville’s

1749 map of Africa with its famously blank interigplacing earlier imaginings
of map-makers. Yet, this map is not only a layitejro to honesty, for as Hiatt
(2002, 248) points out, “the blank testifies toaek of possession, since it
signifies land, rather than territory, earth rathigan ownership. Consequently,
the blank also can be seen to invite exploratiod, ia a colonial context this is

the inevitable prelude to acts of demarcation.”

Allied to the strategy of blank space is the norsiad power inherent in
scientific inscriptions. They work as ‘sensible tpies’ according to Lynch
(1985), to literally refigure the natural world angeomatisied and mathematised
form. Continuous phenomena are measured into dedashits of data, these are
classified and transformed, then plotted into ideal, abstract graphical space
that is correctly determined by its labels, axtalss and legends. (As discussed
in chapter two this kind of charge is made agaificiaf maps by those
advocating critical cartographic deconstructiors@lsee chapter five in relation
to the normalising effects of statistical maps).elifiect, all data points on a
scatter graph become exactly similar (except feirtposition in the grid) and
“all other circumstantial features of their obseiwa ‘drop out™ (Lynch 1985,
43).

4.4.1 Virtual witnessing of Internet infrastructures

Computer network infrastructures have been consttuas objects of ‘scientific’

study since the very beginning. The engineers amipater scientists involved
in designing ARPANET in the 1970s, for example,dquoed detailed analysis of
its topology and performance from direct measurdnoénthe network (e.g.,

Franket al. 1972). Their goal was to discern the underlyiragt§’ of wide-area

143



Chapter Four: Imagining Internet Infrastructures

computer communication by experimental study of tkal dynamics of a

working packet-switching network.

Today, a sizeable interdisciplinary ‘Internet sce&ncommunity undertakes
experimentally-driven studies using positivist stiic approaches. The self-
stated aims of ‘Internet science’ research are gmlygnpragmatic, being to aid
future engineering efforts to achieve more optindalsign of data routing
software and equipment through more accurate gesers of the Internet. A

key part of this work involves building complex angtion devices in the form

of large-scale software systems for passively nooinig traffic flows or actively

scanning instruments to measure the connectivitthefnetwork from multiple

sample points (see Murray and Claffy 2001; Spengl. 2004 for reviews). To

achieve this, most inscriptions devices use theordt infrastructure to measure
itself (Dodge 2000d).

Whilst sharing much of the ethos with other scestiand engineers, ‘Internet
science’ research centres suffer because theylitdeer nothing in the way of
scientific equipment in their labs, so the outpluthe software-based inscription
devices becomes all the more critical to witnessimegr work. Their inscriptions
strive to render the Internet ‘factually’, as oppdsto most of the more
‘impressionistic’ envisioning produced through \asumetaphors for lay
audiences, discussed early in this chapter. A rafigéifferent inscriptions are
produced, including schematic diagrams, statistiterts and tables and, most
especially, complex topological graphs. Another abtdé feature of their
inscription practices is the desire to present gveater data volumes as a kind

signifier of machismo in modern scientific endeavou
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Figure 4.11: A scientific inscription of Internedrinectivity measured in April 2005. It is used as
a key part of the virtual witnessing of ‘Internatience’ researchers at CAIDA, producing a
matter of fact of the otherwise unobservable infrasure.

(Source: <www.caida.org/analysis/topology/as_coetwark/>.)
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One of the leading ‘Internet science’ centres, daimgg both academic and
industrial researchers, is CAIBA and they create a range of scientific
inscriptions to aid the virtual witnessing of ‘et of fact’ about the Internet
infrastructure. It was founded in 1997 by KC Cl&ffgnd Tracie Monk to “foster
development of tools and analysis methodologiegpfomoting the engineering
and maintenance of a robust, scalable global lateimfrastructure®® It has
succeeded in securing multi-million dollar granhding and employs fifteen
people. It also collaborates extensively with irtdak partners and has ties to
Internet network operators. CAIDA exhibits a feistit obsession for
measurement, generating huge data volumes on dafiffeaspects of Internet
infrastructure performance. This is perhaps unssinw, given the depth of
empiricism underlying most engineering practiceoagged with this approach
to understanding networking. Here | focus on onengple of an inscription that
is illustrative of the type work that CAIDA produceto make Internet
infrastructure visible and researchable. The ‘IPwiernet Topology Map:
Autonomous System (AS)-Level Internet Grafh(Figure 4.11 above) was
created by a team of researchers to visualise therascopic structure of the

Internet for a snapshot in time by showing relaglips between networks

An important element in the inscription is the kugrale, automatic
measurements of the Internet’s topology, usingsaibduted systems of scanning
beacons, known as ‘skitter’. This generates largéa dvolumes which are
aggregated and filtered prior to visualisation. t8e 220,000 odd individual

nodes in the skitter dataset were aggregated bySRethat they belonged to,
based on the technical grouping by Autonomous 8yst&S) number. This

yielded some 1516 AS nodes which represent the mghkty connected ISPs

2l The Co-operative Association for Internet Data lysis is based at the San Diego
Supercomputing Center, the University of Califoraie&san Diego, <www.caida.org>.

22 Her 1994 PhD thesis topic, in some senses setdotie of CAIDA’s research, entitled:
“Internet traffic characterization: a methodology tsupport more accurate workload
characterization in the face of increasing divgrsitinternet traffic types and qualities.”

% Source : <www.caida.org/home/staff/kc/kclaffy.xml>

4 Source: <www.caida.org/analysis/topology/as_coeevark/>. Research team: Brad Huffaker,

Andre Broido, KC Claffy, Marina Fomenkov, Sean Me@ry, David Moore and Oliver
Jakubiec.
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that form the core of the Internet and carry thék laf the traffic. These are
plotted as dots in a calibrated space as ‘mattefacti on the topology of the

Internet.

Its form is a complex graph displayed using a pelajection, where each AS
node encodes two data characteristics. First, tardte away from the centre
shows the relative strength of peering relationshigth other networks. Second,
the angular position around the circumference oé tircle shows the
approximate geographical position of its corpotatadquartefs. The peering
links between ISPs are shown by the arcs whiclcal@ur-coded ‘hot to cold’
based on the relative strength of connection (d&cated in the legend). So
yellow, central nodes are some of the most wellnected ISP and the

scientifically witnessed core of the Internet.

In terms of the geographical data encoded in tkeription, one can think of this

as somewhat like a map of the Earth, with a progaatentred on the North Pole.
Around the circumference of the graph, longitudesraarked every 10 degrees
and coloured strips denote different continentsy kiées are also labelled. The
graph generally divides the nodes into three distsegments based on the
continents of North America, Europe and Asia/Ocaaalated unsurprisingly, to

the major metropolitan nodes in the world economy.

In normative terms, the IPv4 Internet Topology Mas the ability to identify

the most powerful ISPs and where on the globe leeg &re concentrated. It is
clear that the densest concentration of AS nodesrts the centre of the graph,
lies along the longitude of about 70 degrees waehich relates to the eastern
seaboard of the USA. The headquarters of somesdktding Internet backbone
operators such as UUnet, PSinet, Qwest, CWUSAcanedf there. In many ways
this inscription reinforces what is apparent frorany of the other infrastructure
maps of the global Internet — that the U.S. is dbeninant player in terms of

infrastructure provision. It has been describedhasworld’s ‘switching centre’

%5 Obviously there is considerable generalisatiomasy large ISPs will have their infrastructure
spread across the globe. As such, one might likéhittk of this as more of a geopolitical
location.
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(Singel 2007) in terms of global traffic flows. fact the top 15 most connected
AS nodes are in North America (one is in Canadhg TPv4 Internet Topology
Map also reveals that many of the ISPs based infeuand Asia-Oceania have
relatively much fewer connections between thenyjnglinstead on peering with

U.S. backbones to act as a hub.

Besides the normative reading, this graph cleaslyai significant scientific
inscription for CAIDA. It enjoys prominence in man§ their presentatiof$and

is displayed in pride of place on their Web homepahilst there have been
some attempts to use it metaphorically as an inspesstic visualisation (for
example it is available for purchase on wall pateit is too technical, and it
lacks the immediate visual punch and instant reitognof a more familiar
metaphor (for an example of a global image, searEig.4; for world maps, see
chapter six). It makes use of all three semiotiatsgies to achieve the
dispassionate ‘scientific look’ needed for a susfidsnscription to use in virtual
witnessing processes. Firstly, it situates the eiew a top-down position,
inspecting the data from a God’s-eye vantage papparently offering totalising
vision ‘over’ the core of the Internet. Secondhe fgraph itself is embedded in a
antiseptic, blank canvass, unadorned except fl& #ihd technical scale bar.
Lastly, the graph is an archetypal ‘sensible p&twith the connectivity of the
Internet thoroughly re-figured to fit into calibeat, circular space. The reality of
the Internet is reduced to an orderly (albeit infationally over-crowded and in

some area illegible) layout of dots in a graph.

More generally, the way that IPv4 Internet Topolddgp is embedded in the
web page texf also demonstrates how this inscription functiosspart of
CAIDA'’s virtual witnessing of the Internet’'s topag. Firstly, the witnessing
makes claims to sources of empirical data thatcareprehensive and accurate.
The size of dataset is given precisely, along wettact dates when the

experimental measurements were run. The descriptfidhe data uses various

“<www.caida.org/publications/presentations/>

" Source: www.caida.org/analysis/topology/as_coravow/>.
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specialised terms that create an aura technoaatizenticity. The witnessing

also uses other strategies to bolster its objedtiteide, such as:

(1) making older versions of the graph availablecfansultation,

(2) making the raw data available for independenification,

(3) setting out a detailed list of caveats dematisiy that the authors are
‘modest witnesses’ willing to admit their weaknesse

(4) text sets out the ‘insights’ in terms of degtivie, experimentalist
understanding of Internet topology only and makesgnand theoretical

claims - again this is a necessary tactic of thedest witness’.

4.5 Conclusions

Ultimately, the choice of how to visually represdhe Internet, to overcome
infrastructure invisibility, is a far from simpleugstion. Over time many
conceptions have dominated. Implicit in any applnoae the underlying power
geometries of the metaphors used (verbal, visuahemical) regarding what the
Internet is, and more importantly, what it could bne of these conceptions
can really be said to be ‘incorrect’. The varioogpressionistic visualisation and
technical diagrams can be seen as imaginal exmgosbf what the Internet is
‘at its essence’. In some respects, this explarapbase has ended, various
metaphors and diagrams having been tried and egjeuethile a few dominant
ones have been legitimaf@dCertain kinds of cartographic representation iema
one of the mainstays for overcoming Internet irbiigy. Two of the most firmly
established genres of mapping that are in commenausl are clearly deemed to
be effective to some degree for this process, @ueermaps showing network
structure and thematic maps showing aggregate natstatistics. How these
two genres of mapping work semiotically and padilig to make the Internet
visible and tangible, in particular ways, is theus of analysis in the next two

chapters.

8 Indeed, as Internet as become commonplace, it$eisbecome a metaphor in its own right,
for example, used to describe new forms of deckswdy corporate organisation or supposedly
new modes of war fighting.
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In conclusion, spatial metaphors and scientificiipgions not only make visible
the invisible infrastructures of the Internet, thegrk as narrative devices to
dramatise the dull and banal nature of a networloliwhacking in striking
physical motifs of soaring airliner or impressivehatectural displays. Thus they
explain visually what the Internet looks like, biltey also delude in equal
measure, as this is never a view of the Internet could see naturally. This
applies, for example, to the kinds route map disedsn chapter six which are
created by commercial operators to market thewort and use various design
strategies to try to demonstrate they have the beatlable infrastructure.
Although from empirical evidence, investigated rapter six, they have varying
degrees of success at connoting wholly positiver@sgions because they often
represent their infrastructure too realisticallihea than more metaphorically.
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