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Abstract

Abstraction Fashion:

Seeing and Making Network Abstractions &amputational Fashions

Nicholas Gwyn Shulman

Human life today i€nmeshedvith networkorganismsWhatwe value, the ways we talk, and the subject
matter we pay attention to are all dependent on and depended upon by the nestbat dominate our
imagindion. The internet, private social platforms, and the virtual and physical supply chains that create
the hardware, software, and memetic abstractionsth which wethink are all examples of network
organisms.Each has found a viability mechanism that pesnii to survive andhrive in the present
moment. Eachviability mechanisncreates its own uniquancentivesfor seltperpetuation whichdrive

the outward appearance with which we are familiarTheseincentives manifestas prodict forms
interface abstractions and socially optimized beliefs andientities. To grapple with what drives the
abstractions thes@etwork organism®utput, this dissertatiorbuildsa worldview for seeing and making
with computationalnetworks.Computing machines amposel of abstractionssimulate abstractions,
and project their abstractions onto the worl@reating in this medium requires resourdbat can be
acquired through attention manipulatioand fashion performanceThe text culminates in an appendix
documentingewaste club, an art researatreation project that combines wearable cameras, supply chain
inspired fashion, and disposable computefsrough a mixture of practical projects, historical analysis,
and technical explanation, this dissertation proposes saivieew concepts linkingashion, the arts, and

computationto making in the time of networks.
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Introduction
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networks, and platforms are made and maintained. Popular computing has encouraged lay people to
dream in the language of software abstractions such as figge Bowever inexperienced onlookers often

lack a nuanced understanding of the mechanisms at work underneatlidk& interfaces with which they

are familia® ¢ KSasS ¢Sl YSydalf Y2RSta INB 02NyS 2dzi o6&
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its own, the app that directly solves one p2ry Q& LJIN®Blikefy ® Survivddng term in the wild. Why

exactly is this the case?

Unsophisticated software dreamers confuse the product with the organization that creates it. Software
and service interfaces, such as apps, are just the visible faafddeger structures of human labour. A
given software binary is one output of a process that must be sustained over time if the software is to
continue working. For instance, a reliable app that is available over a period of several years requires more
than a stroke of genius and a single tatght coding session. While these actions may be enough to put
the first version of the app into an app store, environmental pressures will soon make it obsolete. Apps
fall out of date all the time as the softwarad protocols that they depend upon change. If the operating
system or app store vendor makes breaking changes or adds new requirements, then the given app must
be updated to stay available and continue working. Who will be responsible for making theggeshan

and what will motivate them to do so?

Making software that lasts is not just about making tools that solve problems or entertain. Making
software that lasts, and especially popular software, is about finding a viability mechanism that will drive

thata 2 F o NEQa RSQOSt2LIVSyld 2SN GAYSP ¢2 ONBFGS NBf
future, one needs to perform and reperform its development as the surroundings change. This process
demands that developers and other contributors be motivhte dedicate their skills and attention to a

project. Sometimes, the incentive to work on a project is financial. A company with a working business
model may generate revenues and pay its developers salaries in turn. In other cases, contributors may be
motivated by reputation, or the desire to see some project come to fruition. A person might contribute

to an open source project, for example, out of personal interest in its outcomes or to build a portfolio that
demonstrates their expertise. No matter whiglarticular mechanism it lands upon, to perpetuate itself

into the future, a software project must find a viable incentive scheme that motivates contributors and



participants to engage and ensure its survival. Building these types of viability enginadiislisciplinary

activity that can involve fashion myth making, organization building, coding, and more.

We live in a time of unprecedented network communicati@fthe 7.8 billion people on Earth, 5.2 billion

(67%) have a mobile phond.5 billion usehe internet[1], [2, p. 11], [3] Those with internet spend an

average of 6 hours and 45 minutes online per figy In 2019, 298 million people gained access to the

internet. This represents 7% yeaver-year internet access growfii]. Smartphones and highly available

wireless internet have delivered on the promise of twentieth century tecbhpttmism, which foresaw

networked @mputing as a popular technology for learning, working, conversing, and so mucH4tore

[6]. A message can now spread, at least technically speaking, from one person or group to nearly two
GKANRA 2F GKS g2NIRQa LRLMzZ FGA2y Ay I YldtigN 2F &

popular technology.

Some, like entrepreneur and investBeter Thielclaim that technological change has slowed in recent
years, andthat popular internet computing is a disappointmerdther than a victory. Promoting his
venture capital fund Fawders Fund, Thiel famously quipped tHate were promised flying carand
instead whatwe got was 140 character§?]. As others have argued, flying cars take an existing concept
and imagine applying it directly in a new domggh Global communications, on the other hand, stand to
enable step changes in learning, research, collaboration, discovery, and inweatloof which are
responsible for innovations just like the flying car. Instead of scoffing at popular and widely accessible
computationallyenriched globatommunicationnetworks, we might consider what positive role these

media could play in ameliorating social relations.

The emergence of popular internet computing devigeespeciallyconvenientnow, becausethe most
urgentissues facing the world today aa#l problems of global coordinatiorAt present, the world faces

the looming threats of irreversible climate changémate related mass migration, biodiversity collapse,
nuclear war, and pandemi®]¢[13]. These current and iminent crises are tragedies of the commons
that demand collaboration across industrial, national, and theological boundaries. These problems require
cooperation between partieshose near term selinterests do not align withthe collectivegood These

problems of social coordinaticare well suited tahe social technologies unique to this moment.

However the window for spreading ideas widely is quickly clositayer before hee so many people
been connected to the same network, yet the internet may soon shatter into disconnected pieces. For

years, a handful of countries including China and Iran have banned American platforms that refuse to



conform to domestic censorship, su@s Google, Facebook, and Twitid®]|c[16]. More recently,
democratic capitalist countries, once the relative bastion of free speech and global exchange, have joined
the fray and begun banning platforms based on their provenaht®020, India banned hundreds of
Chinese platforms and services, such as TikTok, WeChat, UC Browser, arfd ®UB& The US soon
followed suit, threateningd ban TikTok and WeChHt9]. Although internet communication can still
travel between these countries through other platforms and protocols such-msik it is now more

conceivable tharver that the internet may balkanize into disconnected networks.

Despite the prevalence of internebnnected software today, we live in a time of mass network illiteracy.
Fast paced change at the intersection of network technology and new computatieciahijues far
2dzi LI OS&a GKS @SN} 3IS LISNA2YQa dzyRSNRGlI yRAY3 27F
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education researchers and advocates push programs for basic computer use, such as the International
Computer Driving License, network computimegonfigures our relationship to the tropes of life before

the internet. Data mining and machine learning research has shown, for example, that biometric data can
be extracted from otherwise innocuous seeming sour@y, [21] It is common knowledge that face
identification systems are increasingly avaig@lbut how many people are aware that their fingerprints

can be extracted from photos that include their hands, that the speed at which a person types their
password is uniquely identifiable information, or that their walking gait can be used to iddrgifyfrom

50 metres away22]¢[27]? Camera data is just one source of information that human and computer
networks crunch. Ancestry.org, for instance, operates a DNA sequencing business, which it presents to
customers as a genealogy exploration tf28]. How can a customer give their DNA away with informed
Oz2yaSyit ¢oKSy S@Sy (GKS O2YLIlye Olyyz2ia 1y2é GKS AYl
time? Work and leisure today increasingly implicate lay people in flows of data and network relgtfonsh

of which they are completely unaware. This data, in turn, is used to modify human behaviour. Beyond
basic computer literacy, people must urgently acquire the knowledge to navigate these unprecedented

circumstances.

For the scale of their influence, géhe is also surprisingly little pop cultural mythology about network
making itself. We all know who made Facebook, but do we khowhe made Facebook, beyond the
single reductive interpretation provided by Aaron Sorkin? What percentage of Google usersvkmo

Larry or Sergey are, or that their project started as graduate research? Discontent about advertising
business modeland surveillancehave grown in recent years, but ngmofessionals lack the context to

imagine viable alternativel29]. It is fair to criticize existing software and networks for the externalities



their incentive schemes drive them to wreak, butavis equipped to invent new alternativeg®hough
schools teach the trades required to keep networks runnsogh as programming, project management,
and marketing,no popular scholastic discipline teaches students to ttackoss the various viability

mechanisms that power theetworksthat mediate our thinking.

To imagine new types of network viability mechanisms, more people must enter the conversation and
become network literate. We live in a moment of incredible technological means, and yet windack
slang, humour, and culture required to profit from these inventions because so few are able to engage
them directly. More people must participate in the conversation if we are to invent social systems that
mitigate needless suffering and provide patbsdignified living for allWe do not have the language to
think of the network incentive schemes we need because too few pemgeble to participate in the
conversation. A meaningful network discourse is one in which conversant parties are equifgimechbre

than just complain. A more informed public is more likely to imagine the vocabulary we currently lack,

and invent new network incentives with more equitable ends.

Network computation is a matter of literacy because it mediaesess tall other subjects.Compared

to other parts of modern life, | believe that network computation is the most similar to reading, writing,
and basic numeracy, because networks media are gateways to all other discourses. While it would be
great if more people understal chemistry, plumbing, or household electricity, the means for learning
each of these disciplines is transmitted through communication networks. These networks are not neutral
pipes; the viability mechanisms that perpetuate these networks drive theirrfexte designs and
algorithmic recommendations. Learning and comprehension today are bound up with network

computation, and so it is important to understand these networks to critically assess their outputs.

Talking about networks and software can be cairfig, because these words are understood differently

in different disciplinesTo some, software is only binary code running on a digital computing madfine.
others,any system of procedural instructions through which one steps is a kind of compid&vorks,

too, have a variety of meanings. In sociology a network may describe a set of connected people, while in
information technology it might mean a protocol for communication and the hardware infrastructure that
speaks that language. In startup and imtet circles, a social network means a software service for

connecting, while in supply chains, one might have a network of suppliers.

In this thesis, introduce a metacategory thatl callnetwork organismsNetwork organism is a terirhave

chosen to goup the varioustypes ofcentralizednetwork institutions, decentralized protocols, software



packages, and the networks of people who connect through theose the term network organisms
because it brings together various types of entities that are sifyiseparated byisciplinary boundaes,
and brings new focus to their naturally selecting quest for survival through a variety of viability

mechanism$30].

As | see it, there are a handful of network organisms that all rely upon one another. First, there are
companies, which are profdriven entities that sell attention and ceamption of services and products

in exchange for revenues, which they use to pay employees in exchange for their labour, such as computer
programming. Companies can be privately held or publicly listed, and they can make money through a
variety of busines models. At present, these companies are often described as platforms, which can mean
either that their services are open to extension by other actors in the ecosystem, or that they are a
platform for connecting users or distributing content, which does imply this extensibility. Facebook,
Microsoft, and Apple are all examples of network organisms with a company model. Second, there are
protocols, which are standards and syntaxes for communication. Protocols can be centrally organized, and
governed by anon-profit body, or decentralized, and ruled by some mechanism of voting or consensus
based on patrticipation. TCP/IP, HTTP, and Bitcoin are examples of protocols. Third, there are open source
projects, which gather the labour of volunteer and paid conttdrss to create code that others can use
FOO2NRAY3 (2 (GKS 3IAGBSY LINRB2SOlQa tAO0OSyasSs gKAOK
free. Linux and the Wiki platform are examples of such projects. Fourth, there are the networks of people
who m&e use of the private platforms and products, protocols, and open source software. This last
category is distinct from the institutions that make the software. The network of people who
communicate through a protocol or platform are what make it uniquedjuable, and impossible to
replicate simply by reproducing the software or standard in use. These networks of people give the
software and the institutions that produce or enable them value. So for instance, in the case of Facebook,
there is Facebook theogporation, Facebook the software binary running on a given machine in a given

moment, and the Facebook network of users that makes the rest meaningful.

The concept of a network organism draws attention to the various viability mechanisms that perpetuate
software, institutions, and network participants into the future. No matter whether a network organism
is centralized or decentralized, corporate or Rprofit, virtual or implicated in the physical supply chain,

it must find a way to survive, much likeb@logical organism in an ecological environment. As we shall
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design over time.
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In 2013, Jack Ma, the dounder of Alibaba, delivered a speech to therford Graduate School of

business entitledt ¢ SOK Yy 3/fR2 ARSI & / Iy [BIK Inyhaftbal iidnSntsofzhilFpeeeh,

Ma explained why his company bought Yahoo! China from its American gareath y OS & 2dz o6 dz& |

it becomes a part of your own growth. AgdS I NP ¢ 0 A 3 I S MdiseédyhiR haddAivatafidesp ¢  a |
LAYOKSRXZ (2 KA& Y2dziKed 2SS 2dzad FdS | FK2zel yR RA
acquiredO2 YLJI y& Qa f AFS ¥ 2 NDMapantdiiBédRe crfordie areddgér: thdody 0 2 Re @
of Alibaba cosuming theflesh of Yahoo! China, absorbing its energyd growingstronger In the
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relationships.

The goal of this dissertatids to help youthe reader, to swallow andigest a carefully prepared body of
knowledge aboutetwork computationso that you, too, may grow stronger and more powerduist like
Alibaba swallowed Yahoo! China and became able to achieve feats neither company couigliztcon

their own, it is my hope that this text empowers you to take a more comprehensive view of the network

computational media that shape our understanding of the world and ourselves.

This researcitreation dissertatioris driven by several relatetesearch questionddow dotechnology,
media and abstraction relateFlow are technologiesxtensions of language? Are new interfaces designed
or discovered? How do computer and human labor relate in the context of an interface? How does
symbiosis with netork computation fee?How does one summon a network or grow an ecosystem? How
do novelinterfacesand product form&ecome socially acceptedfow do networks change the meaning

of art and design practices? Is network making an art form?

This dissertations divided into five chapters and an appendix, each of which approaches the subject of
network computing from a unique perspective. The first five chapters provide essential theoretical
background information for understanding computation, networks, ahneélirt role in life. The appendix
documents a series of researcheation experiments, which | undertook simultaneous to the writing
process. Each of the five chapters and appendix points at the subject of network computation from a

complimentary perspectiveEach presents a facet of the same subject. Each is an analogy for the rest.

Chapter 1: Abstraction Machines explores the relationship between computing and abstraction. This is
the longest and most technical chapter, which lays the groundwork for thgn&bout computation as a
medium of abstraction. The first two sections of this chapter discuss the role of abstraction in computing

hardware and software. The third section addresses the abstracting effect software has upon the world



beyond the machine.hie fourth section proposes that software and money are interconnected systems

of abstraction.

Chapter 2: Algorithm Theatre delves into the performative aspects of software making. Rather than
writing and running, this chapter argues that software is a multidisciplinary performance in many media

at once, and over time.

Chapter 3: Fashion & Attentiadeals with the art of grabbing attention and framing software and network
initiatives. The first section of this chapter contends that networks are memes and memes are networks.
The second section argues that social media and premium entertainment rasdiriven by the same
attention-optimizing incentive, and that they are differentiated only by the origin and production style of

the media objects they serve.

Chapter 4: Booting Networks deals head on with the subject of networks. Section one dedordees t
theories of network effects, which are terminology one comes across often in this field. The second section

contends that many successful networks begin by enabling socially transgressive behaviour.

Chapter 5: Supply Chain deals with the relationdlépween manufacturing, the supply chain, and the
YFE1TAYy3 2F YSIyYyAyadad ¢KS FANRG aSOGAz2y | NHdIzSa GKI
financial motivation to sell disposable devices. The second section advances the perspective that people

are often attracted to disposable goods because mass produced products function like parts of speech in

the meaning making practice of life

Appendix 1: ResearehNB I G A2y R20dzySyida | FTS¢ @SINARAQ ¢62NIK 27
of cameras ad fashion. | chose to design new interfaces to network computation on the basis of three

premises.

First, new communication technologies change cultural norms in ways that cannot be predicted before
their popularization. It is impossible to precisely prtdiow technologies will be adoptetiecause the

hardware roadmap alone does not indicate how people will use and abuse a given bundle of scientific
discoveries and human labour. For this reason, | chose to get my hands dirty and reflect upon what |

discoeredmyself, in the hopes of finding something new.

Second, applications of new technologies are nevertheless grounded in the behaviours, tastes, and norms
that precede their popularization. Successful applications provide comprehensible interfacesrtoliamfa

technologies. To be legible, software or hardwaredesign must be visible to the present day while



catalyzing the cultural change that invents tomorrow. With this idea in mind, | set out ttheseemes

around me to imagine new product forms angiperimental directions.

Third, novel technology packages are popularized through collaboration betweénctieators,their
earlyusers andthe environment. A product or technology package may correctly foresee the inevitability
of a new category of hunmabehavior, but its cultural positioning can still fail to generate sufficient positive
social interest to reach long term viabilifo become parts of life, new product forms must build enough
memeticmomentum to become culturally relevaand socially eceptable With this in mind, | conceived

of my projects asietwork experiments. The work would have to becallaborationbetween me, the
informal group of early users who play with my prototypes, and the unanticipated influences | encounter

in my enviroment upon handling my own creations.

To test these conceptual premises firsthand, | challenged myselfiésign and iterate new network
interfaces, in both hardwareand software, and to document this experience in qualitative
autoethnographicstyle. Although my experimentation process employecgineering materials, such as
electronics components and 3D printing, my approacbre closely resembledn art practice than
engineeringoptimization. To avoid hewingpo muchto tradition, my project aired to humbly find

meaning through prototyping, rather than chase prematurely defined functional goals.

The appendix documents this reseaimieation process. | discuss the various experiments | pursued, and

| also describe the unanticipated prominent influerafdashion in the research work.

In sum, this thesis is intended to be an unconventional primer for approaching network computation from

an active stance, in theory and practice.



Note ond dmputerience
NGKS T OFRSYAO ¢2NI R GKS addzReé 2F O2YLMzi SNARA Kl a T2
Computer experts with posiecondary degrees in the discipline refer to themselves as computer

scientistst But is the study of computers really a science?

2 A0KAY O2YLJziSNI a0ASyO0S>s GKSNB Aa | GNIRAGAZ2Y 27F (
scientific legitimacy. The concern that computer science is not a science is typified by a joke that comes

up often in computing circles. Thadiest documented form of this joke that | have found occuréin

Introduction to General Systems ThinkiP75), where author Gerald M. Weinberg paraphrases
YFGKSYFGAOALY CNI Yyl | I nyFiehEhat had $ia woakididaeingtNFwmmeSvas G K I {
guaranteed thereby not to be a sciengarary]would cite as examples Military Science, Library Science,

Political Science, Homemaking Science, Social Science, and Computeg f2¢ri¢ariations of this quip

have been attributed to Max Goldstein, Richard Feynman, and off83% [34, p. 215No matter the

ONX (A lj dzSQa arécoghiddaiBeuneadé &ithis thel discipline about the scientific grounding for
computer science.

Ly GKS (GgSyiASGK OSyldaNEZI SINIe&é Ay GKS RAAOALI AYS
be a science because computers are a human inventitiereas the sciences study natural, physical

things. Over time, this argument has lost favor. In 1948, Claude Shannon proposed his theory of
information, which has become one of the scientific pillars of computer science and one of the most
important scietific discoveries of the last century. Although Shannon discovered information theory

through his work on binary logic and telephone networking, his mathematical formulae for understanding

the encoding and communication of information over noisy commuincalines has been observed in
R2YFAya GKIFG FFEN LNBRFGS 'yR SEOSSR KdzYlyaidieQa R2
(ACM) president Peter Denning pointed out in a 2007 interview with Ubiquity, geneticists and physicists

have observed that fiormation theory has explanatory power for describing the most beguiling aspects

of the universe, like the mechanics of DNA in organic life and the formation of stellar bodies like black

holes[35]. The study of computation has led $aientific discoveries that transcend the mechanical and

! There are also academic programs in computer engineering. Experts sometimes refer to themselves as software
engineers. This may be moagropos for those who learn to program from people holding PhDs in engineering,

but the term engineer is used widely and is not restricted to such graduates. Some practitioners call themselves
programmers and developers.



electrical machines with which computation has been associated over the past two hundred and fifty
years. Information theory alone proves that the study of computation can lead to scientific digve
with broad impact. However the presence of some scientific research within the computer discipline does

not rescue the whole of the discipline from critique.

In 2012, Internet protocol coventor and the-President of the ACM Vinton G. Cerf publidhe letter

SytuArit SRIKB2 KONBY DS Ly [3&d Lldgh SINK N 20 AfSS/IOSKNE  / SNF | NE
g2NI Rz aOASyOS Aa tFNBSte& [o62dzi Y2RSfaX YSI adaNBYS
should be able to model and make predictions about the behavior of hardware and softwase. T

definition is in line with the mainstream philosophical definition of science, forged originally by Karl
Popper. For Popper, the key to scientific inquiry is proposing and testing falsifiable hypotheses. A theory
without a test that can prove it wrong not scientific inquiry according to Popper. According to this line

of reasoning, while information theory is a scientific pursuit, much of the rest of computer science is not

science at all.

Cerf acknowledges that computer practitioners can effectivalydel, measure, and predit¢tardware
performance, but the field is far from scientific when it comesstdtware There are scientific and
mathematical descriptions of the efficiency of search algorithms, for instance, but when it comes to
writing and evéuating code, no such mathematical measures exist. Cerf notes that there is no rigorous

way to predict how many bugs are in a given piece of code, to predict how long it will take to fix them, to
YSIF&ddz2NBE GKS O2RSQa &S OdzNhkheiagexppiddl. § KS S@Ffdz- S LINBO
Computation philosopher Ted Nelson has argued throughout his texts, speeches, and videos that code is

not scientific, but historical and political. First, as an educational discipline, mainstream computer science
teaches most studentshat popular paradigms in computing, such as the direcfidey abstraction

popularized by UNIX, are natural, logical, and inevit§B. In fact, this structure is just one of many

ways of organizing information inside of a computer, and it has become popular for historical reasons
rather than its technical superiority or scidfitt inevitability. Furthermore, Nelson points out that
programming is not, itself, deterministic. Given a coding problem, a hundred engineers would return
dozens of solutiong38]. Anyone who has programmed knows that, while there are more and less efficient

ways to write an algorithm in a given language, the finer pointgtoth approach is optimal is subjective,

y2i AOASYUATAO®P ! adtetsS OGKIG Aa o0Sad Ay 2ySQa LISNE
Which language and programming approach is best depends upon underlying infrastructure that is subject

to change, such as compiler or runtime optimizations. Code legibility is subjective, too. For all these

10



reasons, writing software is not primarily scientific thus far. While the underlying mechanisms of
computation may be scientific, actual programming fzea closer resemblance to work flowing than

mathematical theorems or organic chemistry.

In the scope of human history, formal computation is a recent discovery, the implications and potential
of which have only just begun to be explored. Computation @ itoportant and far reaching to be

cordoned off and reserved for the minority who feel at home within computer science culture. For these
reasons, | attempt to speak to a broader audience that includes people who identify with computer

science, as well aghers who are made uncomfortable by that epistemological regime.

In this text, | avoid invoking the phrase computer science where possible, but | fall back upon it whenever
readability would otherwise suffer. | am not principally concerned about wheath@iot computation is a
science. | perceive aspects of computation where the scientific method and falsification can be applied,
and many others where subjectivity dominates. As Denning notes in the aforementioned interview,
éComputation is the principled] KS  O2 Y LJdzii S NJ A[a5]. Bakn Yeksf irkerested 8§ cadmpuet ¢
science, and more interested in the social, philosophical, and artistic potentiebraputation My
researchcreation concerns are focused at the point where soence stops, and the clever and observant

performance artist can begin their work.

11



Chapter 1: Abstraction Machines

In 1842, Ada Lovelace realized that computers are not number crunching calculators, thbgtaaetion

machines’ Lovelace an English countess and mathematician, was perhaps the first person to put into

words the peculiar power of a machine that works upon abstractions. In her now famous notes on Charles
Foolk3SQa ! yI f & deScrided heryiéhiizafiGnzupon &wdelitige S design for a

generatpurpose computer:

Many persons who are not conversant with mathematical studies imagine that because the
odzaAySaa 2F w.loolF3SQa !yt &dA ookafion,thgrtirg &6 A a
its processes must consequently be arithmetical and numerical, rather than algebraical and
analytical. This is an error. The engine can arrange and combine its numerical quantities exactly

as if they were letters or any other genksgmbols
X

[The Analytical Engine] might act upon other things besides number, were objects found whose
mutual fundamental relations could be expressed by those of the abstract science of operations,
and which should be also susceptible of adaptationhé¢oaction of the operating notation and
mechanism of the engine. Supposing, for instance, that the fundamental relations of pitched
sounds in the science of harmony and of musical composition were susceptible of such expression
and adaptations, the enginmight compose elaborate and scientific pieces of music of any degree

of complexity or exterfd0, p. 33]

Lovelace is remembered as the first software programmer because she understood that computing
machines can simulate any system of related symbols, no matter what they represent. Although machines

like the Analytical Engine, and even modern computers, appear to operate on relations between
numerical values, these numbers are merely the mechanism oftheOKA Yy SQ& 2 LISNF GA 2y > |
product. Lovelace recognized that computation can be performed on anything that can be expressed as a

mutually related set of symbols, from musical notes to poetic forms, and beyond.

2¢ KS GSNX al 0adi thté be uset 0 kefiglSaf compitdriscience to describe a hypothetical

machine to test the computability of a problem. The most famous abstract machine in computer science is the

CdzZNAYy 3 al OKAYSd® a! 6ad NI OG YI OK #cybs the ppwedof diagran todie$ R 6& DA
thinking[39, p. 32] In this chapter, | discuss four ways in which computers are abstract machines.

12



This chapter is dedicated to argdle contention:computers are abstraction machines, inside and but.
the pages that follow | will discuss four ways the concept of abstraction helps us understand the cause

and effect of computation.

The first two sections establish a common groundimgw are computers made up of abstractions, and
how does that make them different from prior machines. The latter two sections examine how

computation affects perception of the world, and how this in turn affects computation.

The first section of this clpder is about the physical abstractions that make up a computer. It sketches
how chemicals can be turned into hardware devices, and how those hardware devices can be made into
a computing machine. In this portion of the text, | attempt to recapitulategbgential logic of computing
hardware. This section physically grounds the rest of the text and shows how important abstraction is to

building computers.

The second section is about software, or the simulation of systems of symbols. This section reziews th
special property that distinguishes computer hardware from other machines. What does it mean to work
AY | @ANIdz- £ YSRAdzZYK 126 KFA C¢CdzZNARYy3IQa GAarzy 27F
describes the widely accepted formal definitioofprogramming that are popular amongst computer

people.

In the third section, | turn my attention from the abstraction inside of computing machines to the
abstraction they perform outside. Section three is an original reading of network interfacesoésgidal
lenses. In this section, | argue that computers are not only composed of abstractions, but that computers

also make abstract the world beyond their packaging.

The fourth and final section contends that even the most abstract forms of computinh, as social
media, can be seen as programming interfaces, too. In this section, | argue that-ttmkednterfaces
intended to inhibit endusers from programming remain open to symbolic manipulation. Despite popular
formal definitions of programming ancbmputation, even very high level interface abstractions can be

considered programmable.

Computation terminology and ideas are now, more than ever, bleeding into the popular consciousness.
The transition to computer consciousness is only beginning widely recognized now that its interfaces
have burst out of the infrastructural and subcultural domains and into the living rooms, cars, pants

pockets, purses, anglar canals of nearly everyone.

13
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The purpose of this chapter is to examine four ways comsuaeid abstraction relate.

Section 1: Computers are Made of Abstractions.

From a distance, computing machines appear too complicated to comprehend. Even pedestrian
computing devices today contain intricate circuity and countless components at a physieatrst is
difficult to imagine and impossible to séddow is it possible for humans to juggle the interconnected

architectures of these machines in their heads?

To understand how a computer is built, it helps to break the machine down into functional f&e

most common way to divide up the parts in a computer is to distill each to its ideal form, which is called
an abstraction. In the context of computers, an abstraction describes the essential properties of a
component, regardless of the specifiabd or manufacturing techniques used to create any particular
instance of that parf41, p. 3] In computers, abstractions describe what an entity does, without the messy
details of how it is achieved. These abstractions conceal the complexity inside, and reveal only what is

necessary to make use of the entity.

Tradtionally, computer abstractions are conceived of as a belonging to a vertical hiefdfghp: 3] The

Y2a40G SaaSyaAlrtzr aAayLX Sad LINIa FNB G GKS -ao0200G2Y
f SPSt ¢ 0aA0GNIOGAR2yas tA1S GNIXryaradzNa® . & O2YO0AYA
configurations that yield new behaviors. These more sophisticated configurations of simple parts can be

IANR dzLISR G(G23SGKSNM SPE2E | §3 N GKMAKBSNE KA & KA SNI NO

conceptual tool that makes it possible for humans to kdepdesign straight in our minds.

3{SFNDK F2NJAYIF3ISEa 2F Ga9a{ {9axé 2NJ YAONRSt SOGUNRYSOKI
glimpse othe tiny machines at work in all our devices. These miniscule systems are smaller than a human hair is

wide. Their applications are numerous: they push the ink in inkjet printers, measure the orientation and

movement of phones, and angle the equally smadltrix of mirrors in DLP projector&hostly images of these

vanishingly small mechanisms remind us that alien technology is here, and we are the space lifeform responsible

for its invention and manufacture.

14



Tablel Layers of abstraction in computing machires.

Social Media Applications (Web Apps)
ApplicationgNative Apps,
Browsers, Games)

High Level Languages

a1 A 3K [ software and Beyond | Operating System

Compiler

Virtual Machine

Assembler

Machine Language

Computer Architecture (Von Neumann)

Hardware ALU Memory Elements
Boolean Arithmetic Sequential Logic
Boolean Logic Gates
Transistor

Material Preparation (Silicon Doping)
Material Processing (Refining)
Material Extraction (Mining)

a[ 26 [ { Material Processes

r.y

From Chemistry to Hardware

To get a grasp on this concept of abstraction, let us imagine building a computer SyfnY G062 G G2 Y ¢

G2 ald2LIpé LYy GKS &dzoaSljdzSyd LI NI} INF LKA L gAff
hardware, which can be combined to run softwardhis journey from atomic ingredients to
programmable computers will demonstrate that atesttion is a crucial action in the physical and

conceptual construction of computing machirfego begin, let us consider the modest switch.

4 Computing machines are composed of layershsti@ction[41, p. xii]Material processes (bottom) andaial

layers (top) are not usually included in computational abstraction stack, but they are relevant to hardware and
software architecture thinking today.

5N.B. Computers are made of opinionated design abstractions within a larger field of posaikitity.dection, |

will describe common computer system components. For every assertion that | make, there are alternate designs
that deviate from the descriptions given. Rather than hedge every declarative sentence, | hereby disclaim that the
computer abstactions | define are in no way the only or the best approaches to making computation machines.
6N.B. Although they are listed above, | will not discuss material sourcing and several intermediate layers of
abstraction because they are beyond the scopéhesf project. They remain fascinating and fruitful areas for

further research and they are absolutely relevant to the abstract character of computation.

15
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A regular mechanical switch, like the common lkghitch, works by AC Pawer
connecting or breaking an electrical circlitvhen a light switch is in itsff

position, the circuit is broken and electrons cannot move through the ”‘r1ema|~ica|
W O C
Switch

bulb® When the switch is in it®n position, the circuit is complete anc
electrons can travel back and forth through the light bulb, causitoglight

up. Incandescent
Light Bulb

A transistor is an electronic switch witho moving part§ Like the
_ _ o o o Figurel Circuit diagram of an
mechanical switch, in itsn state, the circuit is complete, and in #f state  alternating current mechanical
S . . light switch
the circuit is broken. As opposed to the mechanical switch that we use to J
control the lights, a transistor performs no physical action to break or make
the connection in the circuit. Instead, transistors can be switched on or off

with electricalcurrent alone.

Silicon & Doping
To make a transistor, we have to start with chemistry. Transistors are rr

of positively and negatively charged materials, callggig® and Ntype for / \ o

short. In chemistry, charge describes the quantity of electrons in a g O
material. Electrons are netjeely charged, so the material witinore \
electrons is negatively charged, and the material vigkwver electrons is O \ / O S

positively charged.

Both the Ptype and Ntype materials are composed of at least twi Figure2Bohr model of a neutrall

) ) o ) ) ) N charged silicon atom.
ingredients each. The first ingredient is a semiconductor, such as silicon or

germanium, which exhibit an electrical conductive propertp@aiween conductors, such as copper, and
resistors, such as glass. To undemstédetter how Silicon Valley got its name, and why it is dubbed the

semiconductor industry, let us take a closer look at silicon.

" This example is sure to age poorly, as intero@nected light switches replace the type | descabeve.

81n the light switch example, the circuit draws its energy directly from the municipal electrical grid. This circuit
generates light in the bulb by alternating current. The generators that power the grid push and pull electrons fifty
or sixty times a secah In contrast, in the transistor examples, and all other computer examples hereafter, the
electrical power is direct current, meaning that the electrons travel in only one direction. Alternating current is
more efficient for transmitting power over longsdances, but direct current is more easily stored in batteries.

9 A transistor is also an amplifier, but amplifiers are not germane to my argument, so | will leave that to the side.
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Silicon is the 14 element in the periodic table. Neutral atoms of silicon have 14 electrons. If we imagine

an atom of silica according to the electron shell model, its first and second electron shells are filled with

G§Sy St SOGNRByasz |yR GKS I {2 YQdectabstiéllmyfichyad holdaahl) St SO
of eight electrond? As a result, silicon atoms @t covalent bonds with each other. Each silicon atom

shares its four valence electrons with four neighbouring silicon atoms, creating a neutrally charged

covalently bonded structure.

To create Rype and Ntype materials, engineers mix silicon or anotlsmiconductor with atoms of
another element, called the dopant, which introduce a charge to the comp¢d2H To make Nype
material, the semiconducting silicon is doped with atoms of elements that have five valence electrons, or
five electrons in their outermost electron shell such as phosphorous and arsenic. To crgqe P
materials, the silicon is dopesith atoms of elements with only three valence electrons, such as boron or
aluminium. When mixed together, the silicon and the dopant form bonds with one anothertypeN
materials (negatively charged), the silicon forms bonds with the pentavalent aftrose with five
valence electrons), such as phosphorous. The silicon atoms have only four empty spaces for electrons in
their outermost electron shell, so the fifth electron of the dopant atoms does not bond with any atoms.
These unbonded electrons gitlee material a negative charge. Fotype materials, the opposite is true,

and the holes left in the bonds between the semiconductor and trivalent elementary atoms make the P

type material positively charged.

oY 6.7 6,2
SOz, )= \og///// \\/ -
N m@m

Nt W\ SIS S N\
//@\\ = o = © RN
\E\_/i/ \b\-_/cx/ \0‘-_/0/

S~—. S~—. S~

Figure3 From leftto right: pure silicon, silicon doped with phosphorous, and silicon doped with Boron.

101n the diagram at right, the central circle is the nucleus, whichaina the protons and neutrons. Electrons are
represented as green circles, while empty spaces in the valence shell are depicted as black outlined circles.
11 These figures show pure and doped silicon. Pure silicon (left) creates covalent bonds withit®riag atoms
to create a neutrally charged structure. To creat¢yle, or negatively charged semiconductor (middle),
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Diodes

When placed sidéy-side, Ptype and Ntype materials form BN junctions, the smallest unit of abstraction

for making transistors.-Rl junctions are also calletiodes. When Rype and Ntype materials are placed

side by side, the free floating electrons in the negatively charged material travel into the electron holes in
the positively charged material (see figure below). This occurs primarily at the boundaxycalled the
interface ¢ between the two materials. When the negative charges move from tigpl to the Rtype
material, they create a region of slightly negative charge in tiygpP material, and a slightly positively
charge in the Nype material. Tiese charged areas at the interface between the materials form a
boundary that prevents further movement of electrons from one material to the other. This electrically

charged boundary is called the depletion layer.

Diffusion Depletion layer
|
oooooooo>jo 0,0,0,0
0O-0-0~-0 O 0-0-0-0
0,0~,0,0 OO0 0L0
O-0-0-0-«|o 0 0-0~0
0O,0~0-0 0OL,0,050
O-0-0-0-«|0D 0-070~0
0,0,050 O~0~0,0
0O-0-0-0-«[O 0~-0-0~0
0O,0~,0,0 O~,O0~L0,0
05909659549 9696%9:%5
oYo~o~o~«[o 0~“0~0~0
P-type N-type P-type N-type

Figure4 In P-N junctions, electrons move from the negative substrate to the positive substrate, creating a depletion layer.

Electrical current can only flow in one direction through-&l Runction. This property is what makes
transistors possible! But how does it vik@rIn a AN junction, electrons can only travel across the depletion
layer when an energy source is connected in one of the two possible orientdfidhsVhen a power
adzLJLJ @ Qa LI2aAdAdS O Syhparmiasetiaf, and the n€patie/tSriinal3sRonideted fiokK S
the Nitype material, the electrons in the-type will be attracted to the positive termal, and the holes

in the Rtype will be attracted to the negative terminal (see figure below, left). This expands the depletion

zone and no electrons cross the junction. If instead, the power source is connected in the opposite

phosphorous (element 15) can be introduced to the silicon in a process called doping. Each atom of phosphorous
(element 15, middle) intsduced into the silicon adds a single free floating electron, shown in purple. To create P
type, or positively charged semiconductor (right), silicon can be doped with boron (element 13). Boron has only
three valence electrons. Each atom of boron creatésla.
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orientation, the electronsnthe RG & LIS Y I GSNAI t gAff 0SS NBLIStf SR
and the electrons inthe M & LIS YIF GSNAIFE Attt 0SS | GGNF OGSR
figure below, right). If the power source has sufficient voltage,tsdes will be pushed and pulled across
the depletion layer. This directional property of\Pjunctions is called forwardias and it is the reason
that diodes and other forwardhiased electronic components will only conduct electrons in one

orientation. Bu how does this help us make a transistor?

} R

— RESISTO)  —

S —

O 0. 0 O ole o o o o
090%09%0%6(6%e %66
090%909%0%0(0%0 %0 %0 %
0005050,® O:T:T:T:o
O-0-0-0O-o|®o o o o o
090%0%0%6 (6% %66’
0°0%0°0%e|e®e %66’

P-type N-type P-type N-type

Figure5 Electrons will only move through a\Pjunction in one orientation, called the forward bias.

Transistors

A transistor is composed of a pair 6f\Hunctions. One common type of transistor design is the Bipolar
Junction Transistor. The BJT is composed of tMojihctions, sandwiched together inteNRP or NP-N
formations. When a power source is connecteckither extremity (called the Collector and Emitter) of a
BJT transistor, the bagk-back depletion zones formed by the sandwich of twi Rinctions forbids the

flow of electrons, no matter which orientation the power source is attached (see figure bieltb)v,
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Depletion layer

Resistor

o OT o
o© L 0?0
o© o O o
0© o[ %o o
OO Emitter (@] OO Collector
o© olo®elo
o© o Co
N-type P-type N-type N-type P-type N-type

Figure6 NPN sandwich (left) and-R junction (right}?

However, if we connect another power source to only one of tHe finctions in the forwardiased

direction, this power source will push and pull electrons across the depletion
Collector

layer, allowing current to flow from one extremity of the transistor to thaet
(see figure above, right). By applying a small voltage to just one of -tie Base/Gae

junctions, we allow current to flow from the collector through to the emitte
Emitter
The conductive lead to this forwattslased PN junction is called thbaseor
_ _ Figure7 Electrical circuit
the gate.'®* When acurrent is applied to the base, electrons from a pow diagram symbol for a BJT NF

transistor.
source connected to the collector are able to move all the way through wue

N-P-N (or PN-P) sandwich. We now have all the necessary ingredients to make a transistor: a switch with

no moving parts!

The transistor, or solid state switch, is a bit different from the mechanical light switch
_cr"-'o_

discussed above. When we flip a mechanical swiffh we break the circuit we

Figure8 Electrical
circuit symbol for

mechanical switct  negative leads in the wall outlet. Flipping the switshcompletes the circuit, allowing

introduce a gap in the conductive wire connecting the lightbulb to the positive and

current to flow through the bulb.

12 No matter which orientation the battery is connected to the extremities of the NPN sandwich (left), its depletion
layers will block electrons from passing through the circuit. In a BJT transistor, a second, smaller voltage is
connected in the fonard-biased orientation to one of the-R junction (right). This smaller power source draws
electrons across the-R junction boundary. A small Base current enables a larger Collector current.

131 will refer to it as thebaseto avoid confusion with logicages, discussed below.
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If we were to control a light with a transistor instead, the light would |

AAAAA

O2yySOGSR Ay &aSNARASa ¢gAdK GKS 4N
Instead of physically breaking the circuit, as in a mechanical switch,
circuit would be broken by th@forementioned depletion layers in the

transistor. Electrical current applied to the base terminal controls t™* """

current flowing between the two other terminals. When there is no curre = Ground

applied to the base, electrons between the collector and emitter era - .
igure9 A circuitfor controlling

immobilised by the depletion layers and the lightbullofé If we apply a ~ an LED with a transistor.

small current to the base terminal, current will flow from the collector to the emitter, and the light will

turn on. With transistors, we apply electrical current to switch betwesnand off states much more

quickly than is possible with a mechanical switch.

From Hardware to Logic

Transistors can be arranged in clever ways to create logic gates, devices capable of computing Boolean
algebra with electricity. To understand why logates are important to computing, we must take a brief

detour into Boolean algebr.

Boolean Algebra
Boolean algebra is a branch of algebra that deals with logical relationships. In Boolean algebra, all values

are binary: either True or False. These binaryies can also be represented as 1 and 0.

Boolean algebra is powerful because it allows us to represent and compute logical relationships between
Boolean values with the help of Boolean operators, such as AND, OR, and NOT. These operators take
binary vdues as inputs and return binary values as outp[#%, p. 8] Boolean operators are a
deterministic mathematical formalism: given a certain input or set of inputs, an operatoalwidlys

return the same result.

14 The figures in this and the following subsections are inspired by graphics in Crash Course Computg#SEience
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For instance, the Boolean operator AND takes two input values and returns one output value. Kisiput
True and inpuBis False, the? ANDBIis False. The AND operator will only Taple2 Truth Table for the
. , . Bool ion AND.
output True if both inputs are True. Boolean operators like AND can be oolean expression

combined with other operators to create Boolean expressions. A B A AND B

, . False False| False
Nineteenth and earhtwentieth century computers represented number

: . . False True | False
as decimals. These computing machines recreated base 10 mathem:

L : . L True False| False
notation in physical hardware devices. Base 10 notation is the n

True True | True

common notation today. In base 10, there are tasgpible states for eact

. . . . . . . 0
digit. The first digit place is multiplied by 1, the second is multiplied by D e3Base 10 notation of the

and so on (see figure at right). Computers that simulate decimal nota decimal number 192.

encode at least ten distinct states in their hardwaréecimal notation Hundreds| Tens| Ones

1 9 2

hassome intuitive appeal, because humans usually have ten fingers

ten toes, but other notation schemes including binary have been u
popularly in different societies throughout history. Early computer inventors naturally imagined that
computer hardwareshould compute numerical relationships the same way they (Western humans) did.
C2NJIFfyz2ad mnn @8SFNARXZ YlIyeé O2YLziSNB 6SNB odzAt 0 {:z
Analytical Engine (1837) represented decimal notation in mechanical gedrsxels, and the ENIAC

machine (1946), mapped decimals to a network of 18 000 vacuum fddgd45, p. 168]

In the 1930s, researchers discovered that binary switching devices could be used to solve Boolean
algebraic expressions. The discovery was made independently by researchers in Russia and America. In
1935, Russian logician Victor Shestakov discoveredibalean logic could be mapped to binary switches

[46, p. 260] Shestakov imagined that electromechanical relay switches popular in the telephone network
couldsopS . 22t Sy SELINBaaAiAzyad | A& FAYRAy3Ia 6SNB y2i
Claude Shannon made the same observation and proved that telephone switching relays could in fact
compute Boolean expressioffd7]. This discovery, thaBoolean algebra could be simulated with fast

binary switches, opened the door to modern digital computirsgp-called for its basis in binary hardware

and symbolic representation. However both researchers were inspired by the electromechanical

telephone réays of their day. Although the technology enabled them to perceive the possibility of binary

15 Additional bits can encode whether the number is positive or negative, for example.
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computing, it was not until the next decade that fully electronic switches with no moving parts were to

be invented.

In the late 1940s, researchers at Bell Lialbented the transistor, the solid state electrical switching device
explained in the previous subsection. Transistors are an excellent medium for performing Boolean algebra
for a variety of reasons. First, transistors can switch states at electric speadh faster than mechanical
devices such as the electromechanical relay. Second, transistors can also be made much smaller than
antecedent technologies. Third, they are much more durable than comparable technologies, such as
vacuum tubes, which makes themone cost effective. The invention of transistors helped launch the

world into the present era of abundant and increasingly inexpensive computing machines.

LYy RAIAGEFEE O2YLMziSNERZ . 22tSlIy Ff3ISoNIQa&a ¢NHzS | yR
readings of transistors. Let us imagine a transistor in a circuit running at 5 volts. If voltage is applied to the
GNFyaraiz2NnRa olasSz St SOGNRya gAff LI aa FNRY GKS O:
at the emitter will show around Solts. If no voltage is applied to the base, electrons will not be able to

pass from the collector through the transmitter, and a reading measured at the emitter will show around

0 volts!® As Shestakov and Shannon showed, these High and Low voltagecatates used to represent

the two possible values in Boolean algebra in voltage alone. This is the basis of binary, the essential

language of digital computing.

16 Each computer quantizes the voltage to High or Low regifferently. In 5 volt Arduinos, for example, any

voltage reading above 3 volts is considered high, while anything below 1.5 volts is considef48i.low

71t is, in fact, possible to make use of the intermediate voltages between, for example, 0 and 5 volts. Early

computers discerned three and five states between 0 and 5 volts. These are called ternaryreang computing

systems. These systems are, however, more susceptible to electrical interference. The more states allowed, the
Y2NB [ YOATdR2dzA GKS (NIXyaralizNRa aidlasS o0S8S02yYSaaod . Ayl NE
of two extreme tates, High or Low, On or Q#9].
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Logic Gates

In computers, transistors are organized into special circuits called logic gates, which are physical devices
that implement Boolean functiongll, p. 11] For instance, a pair of transistors and three resistors can be
connected as shown in the diagram to create a circuit that replicatedapieal operator AND with
electricity [50]. For current to pastom the power supply (the point labeled +5V) to the point marked

Out, bothAandBtransistors must have a charge applied to their bases.

B —
AB
out B —

= Earh

Figurel0 AND logic gate circuit diagram (left) and Abe symbol (right).

b!'b5 €t23A0 3AFLGSa NB LI NIAOdzZ NI @8 AYLRNIFIYyd Ay O2
composed of an AND gate, which we saw just above, and the NOT gate, which has only one input and
always returns its opposite as output. NOT True becomeseFald vice versa. It follows that NAND

returns the exact opposite Boolean values of the AND gate (see Truthaktalgdet) [41, p. 19] In other

words, NAND takes two inputs, and returns True in all casesptwhen both inputs are True. This is the

exact inverse of the AND gate. The circuit diagram below showgo create a NAND gate with only two

transistors and three resistors.

.l':"\. —
A —E Output B Output

Figure11NANDbased AND gate (left) and NAMBsed NOT gate (right).
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NAND and NOR gates exhibit a special property called functional completeness. Functional completeness
means that one can build all other gates using either of these gates, alone. Many computers today are
often composed exclusively of NAND gates, becausg thquire less parts and so they are cheaper to
manufacture at scale than NOR gates. How does this work in practice? For example, if we tie the A and B
inputs of the NAND together, then it behaves like a NOT gate. If we put a regular NANi2fgate¢he
synthetic NOT gate we just created, then the pair will behave like a regular AND gate. All other logic gates

can be implemented with five NANDs or less.

A B A NAND E

=
I

False False | True

Out
AB
B —

False True | True

True False | True

Figurel2 From left to right: NAND truth table, NAND circuit diagram, and NAND logic gate symbol.

From Logic to Calculation and Memory

Logic gates can be combined to create circuits that perform djmera essential to computing, such as

calculating sums and determining whether a value is even, odd, or equal to zero.

Adders
To create a simplealculator out of logic gates, we start by building aHe Table4 XOR gate truth table.

Adder. HaAdders add two binary inputs together. To build the Ha™"

A B A XOR B
Adder, we will need one XOR gate and one AND jafeve represent 0 0 0
the Boolean values as binary digits, instead of True ars#Pak can see 0 1 1
that the XOR gate is already quite close to being an adding machine 1 0 1
truth table) [51], [52] XOR returns the correct output for a Boolec 1 1 0

adding machine, except when both inputs are 1. Taoesadhis problem,

we can connect both inputs to a parallel AND gate (below left). If the XOR returns 0, but the AND gate

8 1n built computers, these would be made of NAND gates, as shown above.
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shall see in a moment. Oaave know how they work inside, H#dders can be abstracted into a black

box device that takes two binary inputs and returns their sum and a carry bit.

Inputs | Outputs

A B | Carry| Sum
. _'ﬁD_ Sum
. - | I 0 010 0
B ~ A Half - Carry o 1 lo .
B — Adder | Sum
Carry 1 0 0 1
1 1)1 0

Figurel3From left to right: HatAdder circuit diagramilaltAdder black box abstraction, and Halfider truth table.

To add more than two binary values to one another, we need aMelder. FulAdders are made with two

HalfAdders, ad an OR gate. Fefldders can sum three digits at once. This is crucial for summing larger

numbers.
] Carry 1 — carry
A Half - or >— Carry Half - orR )— 1
g | Adder |, | 1 —] Adder |,
Half - Half -
Adder Adder
 R—— m Sum 1 — 9

Figurel4 FultAdder composed of two Hadders and an OR gate (left) and afAdter summing three binary digits (right).

In a FulAdder @boveleft), the first two bits (A and B) are input into a first Hatfder. Its sum is fed into

another HalfAdder. Its cary bit is passed into an OR gate. The secondAd#der takes as input the sum

output of the first HaAdder and the third input value (C). The secondHaR RS N a OF NNEB o6A G A
into the OR gate. The R#dder outputs a twebit binary valueThe sum is the final digit and the carry is

the first digit. For example, if we add together three binary 1s, the result is 11, or 3 in decimal nétation.

HalfAdders and Fuldders can be combined to make a logic circuit capable of summing larger numbers.
The 4Bit Adder (seabové shows a circuit that can sum two four bit numbers. This architecture can be
scaled up with more FuAdders to accommodate figer values. As in the previous example, the sum bit

becomes the last digit output, but in these larger adding circuits, the carry bit is fed into another Full

9 Visit https://www.falstad.com/circuit/efulladd.htmlto manipulate a Fulfdder simulatiorf53].
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Adder. This architecture can be expanded with more-Adters to sum even larger binary numheifs
the final FUll RRSNRA OF NNE o6AdG Aa wmX (GKSy GKS (62 Ay LWz

the inputs are too large, the result is called an overflow.

A0 — Half - SumO0
B0 — Adder iy sumi
u -
Al
Add
B1 er Eull Sum?2
u -
A2
B2 Adder Full Sum3
u -
A3
Adder
B3 Carry
Figurel5A 4bit Adder.

Logic Unit

Besides arithmetidogic gates can also be combined to creatgic unit which can evaluate logical
relationships between larger binary values. Logic gates, which we saw earlier, takét biveary values

(0 and 1) as inputs and produce oehi¢ outputs. Logic gates penfm useful operations, like determining

if two inputs are the same in the case of the AND gate. A logic unit can perform similar and more elaborate
operationswith multi-digit binary inputs That is to say, a logic unit performs logical operations on pinar
input values greater than 0 and 1. Logic units can determine if two input-ritiialues are equal, for
instance. Logic units can also perform numerical tests to determine whether a value is equal to zero, even,
odd, or negative. A logic unit achieuwbss feat by combining several logic gates into a more sophisticated

abstraction.

To create the logic unit circuibat determines if a value g
is equal to zero, for instance, we need only a handful 0

OR gates and one NOT gate. Let us look at an exar
1

that determines if a four digit binary input is equal to zel 0

(see figure). If we pass each digit of the binary vatte
two OR gates, then the outputs of those OR gates it Figurel6Diagram of a Zero Output logic circuit. Pur
lines indicate 1 value, black lines indicate 0 value
another OR gate, we will have a circuit that outputs .
when any of its four inputs is 1. If we add a NOT gate to the end of our circuit, we will have a circuit that

outputs a bit only when all ofts inputs are equal to zerfb1], [54] So, if the input binary number is
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equal to 0000, hen the output will be 1. If the input is anything other than 0000, the output will be 0. This

same architecture can be expanded with more OR gates to accommodate larger input values.

The logic unit enables a computer to perform logical operst and numerical tests on muitdigit binary
values. The logic unit provides building block operations that are essential to performing abstract

computations, as we shall see shortly.

Arithmetic Logic Unit

Together, an adder and a logic unit form an Arithmetic ¢.agjiit, or ALU. The ALU is at the heart of a
basic computing machine. It can perform three types of operations. First, the ALU can execute arithmetic
operations, such as adding, subtracting, and incrementing. Second, it can perform logical operations,
which are also called bitwise operations, such as AND and OR. Finally, ALUs can bit shift, which is to say

they can move bits left or the right in wider binary spaces.

The basic ALU has three inputs, several outputs, and is representeddlyap&t symbol (gebelow). To
control the ALU, voltages are applied to its input terminals. Two input values, called operands, are passed
into the input terminals marked A and B. The size of the operands depends on the ALU. Early ALUs took
4-bit inputs, but industrial degies can handle 518it inputs. The operation code, or opcode, is a short
binary value that controls what operation the ALU performs. ALUs wiligidt opcodes, for example, can
perform a maximum of 16 operations. Circuitry inside the ALU interprets then diinary opcode and
causes the ALU to perform the associated logical operation upon the operands. For instance, if we pass
two values into A and B, and pass the opcode 1000, which might represent the Addition operation, then
the ALU will output the sum & and B (see diagram bottofid)l]. ALUs also output a series of flags, which
are singlebit outputs that give further information about the output value. The zero flag, for instance,
makes use of the equalero circuit implemented in the Logic Usiction above. If the output of the
2LISNI GA2Yy LISNF2NYSR 2y ! FyR . Sldafta 1 SNex
2dz0 Lddzi @F tdzS Aa yS3IFHiA@SsEs S@PSys 2RRZ 2N AT GKS
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Input A Input B
(Operand A) (Operand B)

l l

Flags
Operation Code —— Overflow (Bit)
Zero (Bit)

A LU Negative (Bit)
}

Output

Figurel7 The Arithmetic Logic Unit (ALU) symbol used in block diagrams.

ALUs are capable of performing fundamental logical and mathematical operations upon input values, but
they cannot simulate arbitrary software programs on their oihlUs can only perform the operations for
which they have opcodes. To compute and execute programs, a computing machine must also be able to

store values in memory.

Memory Latch

Memory, or retained information, is the other essential primitive in buildioghputing machines. Until
this point, all of the circuits we have discussed fall into the category catiatbinatorial logic which
means that they do not store any informatiolm combinatorial logic circuits, the output depends solely
upon its presentriputs[55, p. 101] When the inputs change, so too do the outputs. Combinatorial logic

does not retain any informatiostatet another term for memory.

By contrast, logic circuits #h retain information are calledequential logicThe output of sequential logic
circuits depends upon present and prior inpyE5, p. 102] In other words, a sequential logic aziit
remembers the past and is the basis for computer memory. How can a circuit built with rudimentary

components like logic gates retain information?

A gated latch is a circuit that can store a single bit of informafithh pp. 4%43]. Latches can be
constructed a variety of ways, with biér NAND or NOR gates. The gated latch is a volatile memory device,
which means that it retains information so long as the circuit is powered. To store information that will
not disappear when the power goes out or the battery dies, we would need a parsisemory device,

which | will not cover here.
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To demonstrate how memory is made, let us build a gated latch v Table5NAND truth table.

NAND gates. | will describe the circuit using True and False rather tt
A B A NAND E

and O because they are easier to understand in written text. | hi

False False | True

colour-coded the diagrams below witireenfor True andred for False.

False True | True

| have provided a version of the circuit diagram for each of its f
R L ] o True False | True

L2aaAoftsS auluSad CANRUXE f SU dza y!' b5 3l
True True | False

which shows that a NAND gate always outputs Exmeptwhen both of

its inputs are True.

Now we are ready to wire four NAND gates together according to the circuit diagram below. The latch is
controlled by two inputs|inputandWrite enable The value held in memory is read from @etputpin

on the right sde of the diagram. Points, b,andc help us to understand the state of the circuit at the

output of each NAND gate, but these are neither inputs nor outputs. As the ectaled diagrams show,

the Setpin controls whether the memory bit can be writteo.tWhenWrite enabléds True, as in the first

two diagram states, thénputLJA y Q& a i (4 S Gutput NBehdet’ Balss Rénpul IAYKQS a il G S
does not affect the circuit, as in the subsequent three diagrams. | will refrain from verboselybies

each of the possible states, as it will be easier for the reader to confirm that the diagrams are correct by
applying the NAND truth table (above) in each circumstance (below). As you can sedittineeinory

can be achieved with only a handful simple parts, which were themselves made up ofviwasly

described abstractions.
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Figurel8Five possible states of a NAND gated latch-bit inemory circuit.

Larger Memory Devices
Multiple latches can be strung together to create volatile memory devices large enough to serve practical

applications in modern computers. First, a handful difitllatches can be connected to creatgisters
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which are memory devices capable of stonnglti-digit binary values. Four or eight latches can be placed

side-by-side and wired together to create abit or 8-bit register, for instance. The number of bits that a

register can store is called igdth [43].

Output

Input

Write
Enable

Output

Input

Write
Enable

Output

Input

Write
Enable

Qutput

Input

Write

Enable

{

i

1

?

Figurel9 A 4bit register composed of four latch&s.

For higher density memory application, latches can be organized iniménsional matrix (a grid). For
instance, a matrix of latches with 16 rows and 16 columns is able to store 256 bits of information

familiar quantity for anyone who has worked with RGB coférs.

Multiplexer f f é R
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for such a large matrix. Together, the row and colun

addresses in this example make abiBaddress. Row Address

To read and write to the memory, devices suctiresCPU, Figure20A 16 x 16 latch matrix controlied by twe
bit multiplexers.

which we will see in a moment, send binary memory

20 The latches share a single Write Enable wire.

21 1In image manipulation and vector art applications, colors are often represented by values ok, and

blue. The amount of each colour is described by a value between 0 and 255, which corresponds teltihe 256
space of possibilities in antBt value. 8bits can also be called a byte, or an octet.

22Binary 1111 is the 15 in decimal notation. Th&mate column is column 15 because the first column is column
0.
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I RRNBaasSa G2 imubtiplexeswaichBat dike é é\Ritchboard to the latch@sOne
multiplexer controls the column wires and the other controls the rows. The multiplexers are composed of
combinatorial logic circuits that interpret the addresses and turn on the appropriate row and column

wires. Only the latch at the intersection of the active row and column wires will be enabled.

In contrast to registers, the latch

devices in a latch matrix require a fey
Write Enable

additional logic gates to interpret = | | — " D_:vngﬁe
signals coming from the multiplexers ) Latch

Qutput  Input

First, it must be noted that all latche: ™~

c

in the matrix share a single davire, £
_ _ = Read Enable

which handles both input and output, 8
Data In/Out

a single read enable wire, and a sing _
write enable wire. How can 256 latches Figure21 Detail view of a late in the 16 x 16 latch matrix.

share the three wires that control their

operation? To save on circuitry, memory modules are made so that only the latch at theeictten of

active row and column wires, coming from the multiplexers, is activated. To make this possible, each latch
is preceded by an AND gate, into which both the row and column wires are connected. If both the row
and column wires are active, then tWeND gate outputs True to a pair of AND gates preceding both the
Write Enable and Read Enable wires. If the row and column wires are active, and the globally shared Write
Enable or Read Enable wire is active, then the given latch will be activated fop#ration. For example,

to read data from the latch in the seventh column and the fourteenth row (see figure above), we output

a 1 on the Read Enable wire and pass the value 0111 to the column multiplexer, and 1110 to the row

multiplexer?42°The latch advates and we read the contents of itsbit memory on the Data In/Out line.

Memory matrices like the aforementioned 2B® memory modules can, in turn, be connected to one
FY203KSNJ 42 LINPGARS S@Sy 3INBIFGSN YSY2 NsEMeraoryLi8 OA G & @

23 Each of the 256 rectangleepicted inFigure20is a latch. The shared Write Enable, Read Enable, and Data wires
are not depicted.

24 Note that the first column and row is labeled 0, so the binary address 1 refers to the second column.

25 In Figure21, three AND gates and a transistor sit between the matrix and each of its gated latches. The Write
Enable, Read Enable, and Data In/Out wires are shared betalethe latches in the matrix. These shared wires

are abbreviated in this graphic representation.
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made exactly this wasf: 2’ Eight or more modules like the 2856t memory described above can be wired
together so that the same-Bit memory address (column and row) can be used in all eight memory
modules at once. In other words, each bitaof 8bit value is stored in the same position in the grid across

8 different devices. This speeds memory access and simplifies addressing. To read the value of a given
latch, we need only simultaneously input its memory address into all of the multipletkens read the

data they output.

256-Bit || 256-Bit

Memory

256-Bit
Memory

256-Bit
Memory

256-Bit
Memory

256-Bit
Memory

256-Bit
Memory

256-Bit
Memory

Memory
Address

Write Enable

Read Enable

Data In/Out

Figure22 A2048bit RAM moduleomposed of eight 256it memory matrice$8
To make RAM easier to think about, memory access is represented schematically with a simplified

interface that abstracts away the difference between the matrix and the multiplexers. To the programmer

and devices outside the RAM, memory is representedsesjaential list of addresses containing a given

26RAM is sealled because its contents can be accessed out of order.

27 The examples provided describe Static Random Access Memory. SRAM can be marédrafitsistors. There

are other types of RAM, such as Dynamic RAM, which are made with one transistor and one capacitor. Different
types of RAM have different performance characteristics, the difference between which are not significant to
understanding tle basic operation of computer memory.

28 The eight matrices share Memory Address, Write Enable, and Read Enable wirdst yal @ is striped across

the modules.
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amount of binary values, such asis. In this way, computers are able to keep track of information by

storing binary data in devices made up of many memory latches like the one described above.

Memory Address
(8-bits)

Data
(8-bits)

Read Enable
Write Enable

Address

Data

00000000

10001000

00000001

10110110

00000010

01010011

00000011

0000000

00000100

0000000

Figure23 Abstract representation of RAM withi#t binary addresses andt8t binary values.

From Calculation and Memory to Software

Central Processing Unit

The central processing unit, or CPU, is the device that does the essentiabvmoknputation. Every

laptop, phone, microwave, and car has at least one, if not many CPUs. Together, the CPU and the RAM

are the two halves essential to creating a basic computer t68l&PUs read program instructions and

data from memory such as RAM, thevaluate logical operations and arithmetic expressions, and finally

write data to memory.

The CPU is composed of an ALU, memory registers, a clock, and a control unit. While we have seen the

ALU and basic registers already, the clock, control unitjtamdany subunits such as the program stepper,

instruction register, instruction address register, accumulator register, and temporary register are new. |

have also not discussed the bus, which transports data between devices in the computer.

To understad how these components can be turned into a working computer, | will provide a high level

overview of how the parts are connected, so that we may better understand how to create a hardware

device capable of simulating systems of symbdlsat is to say, hatware that can run software. Just like

the components we have seen before, all of these components are made of logic gates, which are in turn

made up of mere NAND gates.

Software is made of a sequence ioktructiong

F Y R

Ad A&

0 KS exetufe hddse NB a LJ2 ¥

instructions. Each instruction defines an operation to perform, and specifies upon which data to do so. A

291 will not discuss graphics processors or ather application specific architecturesgspite their growing

popularity and importance.
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typical instruction includes an operation code (or opcode) and one or two operands, which are either

binary values or memory addressekave binary values can be foufsb, p. 211]

Opcode Operand

Figure24 Instructions typically include an opcode and one or two operéhds.
The opcodes we saw earliey/i 6§ KS '[! &aSOGA2yX IINBS | &dzoaSid 27
instructing the CPU to perform the operations provided by the ALU, such as addition, opcodes can also
tell the CPU to access or modify data stored in RAM or other devices. In the hypaltleimputer we
are building, the leading bit of the opcode indicates whether the instruction specifies an ALU operation or
a memory operation 1 might signify an ALU operation and 0 a memory opergtidh pp. 12£124]
LY&aARS (GKS /t! 3z GKS O2yGNRft dzyAiQa RSO2RSNJ adz dzy
processes data on the relevant wires. The operation associated with a given opcode is defined by the

instruction set architecturewhich differs for each CPU platfofb, p. 211]

There are three basic types of instructidia®, p. 213] There aredata handlinginstructions, which tell

the CPU to read, write, or copy data to or from RAM, its internal registers, or an external hardware device
such as a keyboard or display. There data processingnstructions, which tell the CPU to perform
arithmetic expressions (e.g., add or subtract) or logical operations (e.g., compare) on one or more values
contained in registers inside the CPU. Finally thereflm® control instructions. Normally, the CPU
executes insuctions sequentially. When the CPU encounters an instruction that changetotheof

control, such as a JUMP instruction, it skips backward or forward to a specified position in the list of

instructions in RAM.

30 Some instruction set architectures include additional fields in each instruction.
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‘ P U | Register A | Register B | Register C | Register D RA M

[ 00000011 | | 00000000 | | 00000000 | | 00000000 |

InputA Data Address Data
InputB 00000000|00101110
/ co nt rol U n it Memory Address | 00000001|10110110
ot ] stucion e Read Enable | 55660011 foooooort
Overﬂuw 1110| Instruction Register
e Write Enable 00000100 | 00000000
ALU Negative | 00000000 | Instruction Address Register

I
Output @

Figure25TheCPU and RAM work together to compute software programs.

We can walk our way through an instruction to see how the CPU and RAM execute a ptbgoarthis

example, we will execute an instruction already loaded into the RAM. Each step through the iosgucti

is driven by the clock The first step of the program is called tfetch phase[57]. During the fetch phase,

the control unit inputs the memory address in tiwestruction address registdf 2 G KS w! aQ&d YSY
address input (imurple). When the program first starts, this addres8@$0 0003 The RAM returns the

data stored at the addres8010 0011 and it is copied into thastruction register

At the next tick of the clock, the CPU beginsdiégeodephase. In the decode phaséet control unit
decodes the instruction in the instruction regis{éi]. The first four bits are the opcode, and in this case
the opcode corresponds to the LOAD_A memory operation, which tells the CPU to load data into
Register A. In the case of a LOADNstruction, the latter four bitg)011, specify the memory address of

the data to be loaded.

At the next tick of the clock, the CPU begins #xecutephase. In the execute phase, the control unit

LISNF2NY& (GKS 2LISNI A2y péotdfsOATe o&iR valuy intd rédisterAdy theli NHzO G 7

31 The following example is adapted frdv].

32 This is a simplification. In fact, additional logic is used to subdividecbadhtick into smaller periods of time.

These sulicks are fed into the stepper, the part of the control unit that executes all of the actions required to

shift data from one register to another. In the main text, | describe data operations as-siegleperations, when

in fact in a real computer, each register or memory address must firehbbledto output its value on a shared

bus, or set of eight wires, before the receiving register can be put intseheode, in which it will update its

stored@l f dzS§® C2NJ aAYLI AOAGeQa al 1Sz (kKSaS RSiGFAfa KI @S
instruction execution, sef56, pp. 98112].

33| have added a spadeetween the first four and last four bits in the octet to make this section more readable.

(@]]
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control unit sends a read enable signal to the RAM and sends the adii#$sn the memory address

wire. The control unit also sends a write enable signal to register A. The RAM outputs the data at memory
address0011to its data line and it overwrites the data in register A with 0000 0011. The instruction
execution is complete, and the instruction address register is incremented to 0000 0001, which will be the

next instruction executed.

Table6 A sample Instruction Tab#é.

Instruction | Opcode | Description Address or Registers

LOAD_A | 0010 Load value from RAN 4-bit RAM address

into register A

ADD 1000 Sum two registers an( 2-bit register ID,
store the result in thel 2-bit register ID

second register

Instructions like the one we just discussed form the basis of software. In addition to loading data from
RAM into registers, the CPU can perform all of the operations we have previously discussed with the ALU,
and more. No matter how ghisticated the piece of software, if it is executing on a CPU, then it is
composed of individual instructions like these at the lowest level of abstraction. Despite their abstract
appearance, apps, verbal interfaces, and games are all made up of simsplections for loading,

comparing, evaluating, calculating, and storing data.

The CPU we looked at here is an examplevafraNeumann architectur@ his architecture is named after
computer scientist John von Neumann, who led the research effort thatgdethis design in 1945. In the

von Neumann architecture, program instructions are stored in the same memory device as program data.
This contrasts with thédarvard architecturgin which program instructions are stored in one memory
device and data istored in a second memory device. By rough analogy, the Harvard architecture is like
KFEgay3a |ttt 2F 2ySQa Ll 2y 2yS ' {. adAaAol I yR

Neumann architecture puts the programs and the data they work upothé same placé The von

34 Real processors have many more instructions, including separate instructions for loading from each register,
instructions for other ALU operations, and instructdor storing values in RAM.
35 |n fact, lots of devices today are actually
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Neumann architecture treats program instructions the same as the data a program works upon or creates.
Although this opens CPU to additional security vulnerabilities, it has the intriguing property of allowing
the programtoaccda YR Y2RATE& AGAStEFI Fa Ada 26y AyaildNdHzl

contents3®

To simplify the process of programming, over the years, computer engineers and programmers have
developed mnemonic abstractions for the binary opcodes seen above. Like all mnemonics, these abstract
programming languages make the operations easier to rem@mibhe lowest level programming
language is callethachine languagg¢56, pp. 12%2]. We have already seen some machine language in
the pages above. The instruction LOAD_A is imadanguage that translates to 0010 in the machine we
have built. In the early days of digital computing, a programmer would write their code in machine
language, and a computer program wouglmmpile or translate, the word LOAD_A into the corresponding
binary representation. The CPU must be directed with binary instructions, and not machine language,
because instruction values are interpreted by the decoder and other hardware that operate on binary

information only.

In machine language, one written ingttion corresponds to one CPU instruction. In the years since
machine language was invented, programmers have come up with increasingly abstract languages. One
line of code in a higher level language might correspond to dozens or hundreds of CPU imstructsb

like machine code, programs written in higher level languages are compiled or interpreted into the same
CPU instructions we have seen. The more high level of a language a person codes, the more quickly they
can orchestrate a lengthy and perhapshbisticated program. When using higher level programming
languages, the programmer exchanges precise control at the level of the instruction for programming

speed. Whether this is desirable or not depends on the programmer and their intentions.

In this setion, | have shown that computers are composed of abstractions. From the beginning of our

journey up the hierarchy of abstraction, we have seen a dozen times how knowledge in a particular

36 |n fact, things are even trickier than this. Many modern CPUs have aspects of both the von Neumann and

I I NBFNR | NOKAGSOGdzNBAE G 2y O0Sd dKNII NIRNE NIOXKW S iSAOGIZANBNR F
term covers a range of different architectures. For instance, to optimize for speed, specialty processors like digital

signal processors (DSP) store some of their instructions in memory modules inaccessible to piiugyams

Microcontroller CPUs like the AVRS also store the program and data in different memory devices. This design

decision allows the AVR8 to read program instructions and read or write data to memory simultaneously. CPUs can

also be designed with sepate memory modules inaccessible to program code to harden them against malicious

code[58].
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substrate can be packaged into a conceptual daviesamed abstraatint that can in turn become the
material basis for yet another more abstract system. We have seen together that these abstractions are
not limited to any particular substrate. First, we learned, packaged, and abstracted away the chemistry of
semiconductingnaterials into positive and negatively doped silicaortype and rtype, if you recall. We

then used those chemical abstractions to create a BJT transistor, our first significant hardware abstraction.
We used the transistor as the basis of logic gates, asddAND, which we used to create adders and 1

bit latches. At this stage, our hardware abstractions began to reveal pidteal properties like memory,
calculation, and multbit logical comparison. We then used these combinatorial and sequentialtsitaui
create the ALU, which made possible the CPU, and the memory matrix, which made possible RAM. Finally,
we saw how together, the CPU and the RAM fulfilled the minimum sufficient conditions for a computing
machine. In the next section, we will explorbat exactly makes this computing device so special. Why is

it that a computing machine is unlike any other machine? In exploring the answer to this question, we will

observe together the next abstract material transcendence, from hardware to software.

Sedion 2: Computing is Abstract Work

What makes a computer special? What makes a computer different from other machines?

! GELIAOLE YIFOKAYS Aa aly |LLINY {idAK ORy X6 RHDOYSRA
structure fits its function. The mechanisms of which it is composed are chosen and manufactured to fit
perfectly together for the task it is intended to complete. A machine for clipping hair will be useless for

clipping the lawn. A machine for washing clothes will be no good for cooking eggs.

Ly 3ISYySNIfsxzX I Yl OKinjesediundiéhaficdinge, haghings@an bé nindified and
made to do things outside of their intended purpose, but as built, a typicalcoomputational machine is
fit for a preset range of purposes. A machine can be repurposed and recontextualizedhaaly/made,
for ingance, but a traditional machine will not be able to complete the tas&vafryother machineg at

least not without great difficulty and extra parts.

A computer, by contrast, is a machine whose function is not fixed at the time of manufacture. Unlike lawn
mowers, calculators, and forklifts, the computer is a machine that can be programmed to perform new

operations long after it is made. This is what makes computers special. A computer is a machine that, at

37 This sentence is sure to age poorly, for the idea of a typical machine being one without computation is unlikely
to outlive even me.
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least hypothetically, is fit to perform any compubta function. For this reason, computers can be called

general purpose machines. That is to say, a computer is a machine fit for an abstract purpose.

Computers are not magical, but their ingenious hardware configuration enables them to serve a huge
variety of applications. Like other machines, computers are made up of components with fixed functions;
however, unlike most other machines, computers are able to step through scripts of instructions that we
call algorithms. These algorithms are sequences dbast® Programming is the activity of defining
algorithms, which the computer then executes. Traditionally, algorithms are understood as sequences of
instructions for performing specific tasks, but really the computer is quite open ended. An algorithan coul
solve an algebraic expression, or it could just do a bunch of silly stuff for no tetstime computer it is

all the same.

I 02YLJziAy3 YIOKAYySQa St SOGNRYAO O2YLRYySyida LINROJA
to create an infinite set of @plications3® As we saw in the prior section, computer hardware provides
affordances for comparing values and performing calculations upon them, too. Computers can also read

and write data, including the data of the program instructions they follow. ThedeS (G KS YI OKA Y
operations, for which it has operation codes. These basic operations are sufficient to enable computers

to perform any sophisticated algorithm that can be encoded in terms of those basic operations. This
vocabulary is great enough to allacomputers to perform &ugerange of functions encodedtfter their

construction. This is the basis of software, which can be installed, updated, removed, or shared, all without

changing the underlying hardware. But what is software, really?

In computer @cles, computation is most often understood in terms of the Chdrahing thesis. To
understand this idea, we must first take a brief detour into history to learn the origins of the way computer

people frame their medium today.

Turing Machines

In the ealy twentieth century, questions of the nature of mathematics and computation concerned
YEGKSYFrGAOALFrya aANBridteod {AyOS D2GGFNASR [SAOYyATl Q&
century, he and other mathematicians alike had begun to wondeatidgical or philosophical regime

could underpin the study of mathemati¢g1]. Without a solid grounding, it was feared that the whole

BE 1 LINP OSRdAzZNBE 2 NJ & &idn agdProbiebieol@riy; (i1its dse dpgt.) @retis@lgaiefined set of
YIEGKSYFOGAOFE 2NJ f23A0Ft 2LISNYI GABOLA FT2NJ GKS LISNF2NXIyOS
39 Infinite but not unlimited. There are things we know of that we are not yet sure can be computed.
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edifice of mathematical reasoning was unstable. In the early twentieth century, as more and more areas

of mathematics came to realize that they were subject to internal inconsistencies, or lacked grounding in

a more fundamental mathematics, the foundation®INA a A a 2 F Grundl&génkiiseideOa 6 a
Mathematikk 0 OF YS (G2 R2YAYylIGS O2y @362k Inihe A920s,sGerin&nA y (1 K ¢
mathematician David Hilbert posed a series of challenges, ndveky’ | & | Af 0 SNII Q& LINE

mathematicians would have to answer for the grounding of their discipline to be firmly established.

In 1928, Hilbert and fellow mathematician Wilhelm Ackerman posedBhischeidungsproblerto the

mathematical community. T&Entscheidungsproblermr decision problem, was the third challenge of the

MpHY AGSNIrGA2Y 2F 1T AfO0SNIQA LINPAINI YI | YRBUKS 2yt @
91 | Af 6 SNIIQa RSOA&A2Y LINRPO6fSY Fa1SRY L& YIFOGKSYFGA
procedure that can, giveany mathematical expression as input, accurately state whether or not the
expression can bsolved, or if it will result in an infinitely looping solution that reaches no conclusion? If

such a machine existed, then every problem that could be reduced to formal logic could be solved

definitively*°

Alonzo Church was the first person to answer tiiestion. Between 1932 and 1936, Church invented

and refined a system of mathematical notation called Lambda calculus, which he used to show that there
O2dzZ R 0SS y2 |ft3I2NRGKY GKIG ¢g2dd R FdzZf FAE{ (GKdh RSOAE)
for describing functions precisely. It is a means of expressing computable functions, and it is the basis of
Fdzy QliA2ylFf LINRPINI YYAY3I €Fy3Idz 3Sa [64] (W8l nov@eseybe a O/ | NI
Lambda calculus or functional programming in any greater detail, but both merit additional study as they

further illuminate the nature and capabilities of computation.

The second person to answer the decision problem was Alanglururing solved the problem from a
completely different angle, and his argument for the impossibility of such a machine has deeply influenced

the way computer people understand their field. Instead of inventing a formal notation for modeling
computableF dzy OU A2y a> ¢dzNAy3I &42f OSR | Aft0SNIQa RSOA&aAZ2Y
KS OFIffSR GKS Fdzi2YFGAO YIOKAYS® ¢dzNAYy3IQa YI OKAYS
stating the same thing they are logically equivalent. Churghve a glowing review of the paper in which

Turing laid out his solution, and their combined effort came to be referred to as the Ghurtig thesis.

401n this context, machine and algorithm are equivalent@apts. Both follow a sequence of steps to yield a result.
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Turing published his solution to the decision problem in 1§® ¢ dzNA Yy 3Qa a2t dziA2y
LINEO6f SY NBfASR dzlRRYy KAia I F2NBYSYUA2ySR | d#&a Yl GA O
First, the machine has a memory, which Turing visualized as an infinitely long strip of tape. The tape is
divided into squares, each of which can hold a single syriibel. machine also has a scanning head that

can readfrom and writeto the tape. Turing specified that the machine can move along the tape, in either
direction, reading and writing as necessary. The machine also has an internal memory, or state, that can
retain one symbol. Finally, the machine is equipped with a set of rules that it follows. The rules dictate

what the machine should do given its internal state and what symbol it is currently reading. According to
CdzZNAYy3Qa RSTFAYAINA2Y san auoBaticOnadhinklzbekayise itsYbeh@wWok gefends a
uniquely upon the current state inside the machine, and the symbol that it is scanning at the present

moment.

State

Rules
State Reading Action

Set state 0
Move right

Write 1
Move right

Set state
"HALT"

0 0
o |1 [
1 0
1 1

ojo0o|1(0f1|1(1|{1|0|0]|1

Figure26 lllustration of a possible Turing machine, with its riege internal state, rules, read/write head, and infinite memory
tape (abbreviated for the purposes of illustration).

¢CdzNA Yy 3IQa LI LISNI LINPOSR GKFG GKS &aAYLIES YIOKAYS (KI
any possible algorithm. Any algonith no matter how sophisticated or powerful, could be broken down

into rules and read/write operations that should be executed dependent upon the current state of the
machine. Given an endless amount of memory and time, such a machine could perform athatask
O2dAf R 65 SELINBa&aSR la |y f3I2NAGKY® ¢KAA YIFOKAYSS
Y OKAYSsé OFYS (G2 RSTAYS O02YLizit GAz2yd / 2YLdziAy3I A

upon data (information). Any machine that cparform the basic operations that Turing distilled is called
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Turing completeThe crucial finding for understanding computing is that any Turing complete machine

can compute the algorithm (or program) of any other Turing complete machine.

Turing applielK A & K@ LR GKSGAOFE YIOKAYS G2 | @I NhaltingA 2y 2 F
problemto show that there could be no algorithm that could satisfy either. The halting problem asks if it

is possible to predict if an algorithm and data will hadtagh the end of the program) or if it will enter an

infinite loop, without computing the algorithm. In other words, if we recall that a Turing machine is a
combination of an algorithm (its rules and execution mechanism) and input data (its memory tage), th

the halting question asks if one can construct a Turing machine that takes another Turing machine as
input, and predicts whether it will run forever or complete the algorithm, without actually running its
program. The halting problem is equivalent td Hi SNII Q4 RSOA&aA 2y LINRofSY>X 06S
possible to create an algorithm (machine) that aletidewhether an input algorithm is computable or

not.

Turing showed that it is impossible to solve the halting problem, because computing maobiessarily

have enough expressive potential to encode algorithms that will generate an infinite lingpstate in

GKAOK | LINPINIY NBOdzNBAGSt & SESOdziSa AdasStT yR y
I will give only the outlines her In essence, Turing proved that it would not be possible for such a machine

to exist byreductio ad absurdumruring proposed that we imagine a hypothetical machine, cijedat

O2dzZk R LISNF2NXY | Af 06SNIQa RSaA NRBRanditpdt jorn nathem@ti2zadzf R G I
terms the function expression and input variables, and return a yes or no answer as to whether it would

halt, if run. Turing then proposed modifying the machine so that it would enter an infinite loop in every
circumstancédn which it returned an affirmative result. This modified H machine could only yield one of

two possibilities, either it would say that the input algorithm and memory waddhalt, or it would

enter an infinite loop, thus not halting. Turing then propdgkeatifthisY I OKAy SQa NMz S&a | y R
were fed into H, then the machine could not possibly return a result, because any affirmative result would

result in an infinite loop state. Thus, regardless of its internal mechanisms, even a machigeublat

decide whether an algorithm was computable would be subject to adversarial algorithms that would
OFdzaS GKIFdG YIFIOKAYS G2 SyYyUuSNI Iy AYyFAYAGS f22L0 ¢ dz\
which showed that any mathematical notation systentl ymevitably be open to internal inconsistencies

GKFG YFE1S AG L12aarofsS G2 SELINBaa yz2yaSyasS GkKFiG NB
you can program the machine, then you can write a program that cannot be predicted to halt or loop

infinitely, without computing it.
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In the course of solving the halting and decision problems, Turing established the most popular definition
of computability. Any algorithm that can be computed can be distilled to a series of rules and a given
memory state that a simple Turing machine dallow. Although it is not possible to definitely decide
whether all programs will successfully terminate without running them, Turing demonstrated that any
machine that satisfies the criteria of a universal Turing machine will be able to compute ariyhaigor

This is the basis of how software is understood inside of the computing community. Computers are Turing

machines (minus the infinite memory) that can, in principle, compute any algofgbim

CdzNAYyIQa RSFAYAGAZ2Y 2F O2YLlzil oAt Ade KSfLA dza G2
computers also simulate abstractions. In the first section, we packaged cakeand manufacturing
knowledge together in increasingly abstract packages. In section two, we have seen that those hardware
abstractions culminated in a Turing complete machine (less the infinite memory). As Turing proved, a
Turing complete machine is calple of working through any algorithm that can be encoded into memory.
Software, then, can be understood as the layers of abstraction that sit atop those set in hardware.
Software are those abstractions by which the programmer configures and reconfitneresachine in a

purely virtual plane. To change the function of any Turing complete device, one need only change its
instructions, which in the case of a digital computer means changing only the binary electrical signals

stored in RAM.

A Note on Computinip Practice

While any Turing complete computing machine may be able to compute any algorithm in principle, in
practice, hardware designers make choices between hardware abstractions to make a given machine

more suitable for its intended task. Inreal werl 8 OSYy I NA2aX | O2YLlzi SNRa KI NJ
for the range of tasks it is expected to perform. Hardware can be chosen to optimize price, performance,

heat dissipation, energy consumption, robustness, or the data a machine is anticipated topoork-or

instance, applicatiomspecific integrated circuits (ASICs), such as those designed for gaming graphics or
KFAaKAY3 FEI2NAGKYAaZ FNB aLISOAlLffe RSaA3aIyYySR (G2 &dzA

Computing machines can never fully be separated from ¢hreumstances enabling their physical

construction. Computers are tied to the human context in which they are manufactiresiwe shall see

411 owe thanks to Chris Beiser, who made this point clear to me in response to some remarks | made on Twitter. In
LI AN 2F (6SSGaz KS gNRBGS ab2 YI Oénstyiclondihigkit& I @S Fdzy O A
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in Chapteis: Supply Chajmeal world computers are disposable goods that tend to be built for particular
applicatons, despite their programmable nature. The Alexa puck sitting on the kitchen counter may
theoretically be able to simulate and predict weather patterns, and in a network with all others of its kind
it might even be a tractable problem, but it will nevss dedicated to that task so long as that function
does not servehe institution that controls what software it runs. In practice, computation today is a
medium tied as much to the Churdiuring thesis as to other human institutions, and their diametiycal

opposite incentive schemes. More on this later.

Section 3: Computation Abstracts the World

In the first two sections of this chapter, | explained the two most prominent ways in which computers can
be understood asbstraction machinesFirst, | descbied computers from the hardware and electrical
engineering perspective. From this point of view, computing machines are made of a hierarchy of
abstractions. Second, | described the mathematical perspective popular amongst computer scientists,
which perceies computers as the set of machines equipped to execute any computable program.
Computing machines simulate sequences of steps called algorithms, which are described by sequence of
instructions. These algorithm or program instructions are encoded in a@jenmepresentations, which

the computer can read and execute. Throughout both sections, | observed that the codes that map most
closely to the machine hardware, such as binary and machine code, serve as the foundation for more

abstract computer languageg,K A OK | NB 2F(0Sy @Aiadz Al SR a £¢KA3IKSN

In the present section, | will discuss the third way in which computers can be considered abstraction
machines. Now that | have provided a grounding for how a computer is made, and what distsgitiis

FNRBY 20GKSNJ LIKSy2YSyls AG Aa GAYS (2 RAGS Ayi2 (KA
LI 3848 GKIFEG F2tt26 L g6Aftf SELI YR daalry O2YLlzil A2y
To begin, | would like to take a lookabps, which are amongst the most popular software distribution

abstractions today.

Since the launch of the modern smartphone app stores in 2008, apps have become the most popular form

of end-user softwargd67]. Want to watch a video or check into a flight? Turn off the lights or start the car?

RFY3aASNRdza G2 GKAYy1l 27F I O2 Y Lzl SwienSw talk abBuf aécomputer asa WY S R A dzY
human form rather than an abstract ideal of computation, it's always tied tightly to certain qualities."
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0 K 2§Mvipea smartphone, one is only ever a few taps away from using an app.

Apps are abstractions that flatten modern network software into simptental forms. Vith apps, the
consumer never has to think about the complexities of hardware and software that we explored earlier.
The operating system, low level code, high level code, internet communication, platemdor vetting,
in-app purchase commissions, and @o are all helpfully obscured by the app interface abstraction.
Appg and subsequent usable software product forms like verbally invoked algorithmaske it easier

than ever to make use of new software packages.

Apps also abstract the world beyond the conip8§ NQ& LJ- O1F 3Ay3 Ay a4 tSrad (¢
conceal elaborate social practices in a simple software product form. An app can simplify existing social
infrastructure, or it can be the branded interface to new social practices. This is dhe app product

F2N¥Qa 3INBFGSad aaNBy3adkaz FyR GKS NBlFazy gKeé Yo
GoKEG AF GKSNBE XKiEa {ISYO2yRB) & KIL¥E kK ONBFGIS ySg &c¢
integrated with human experience. Netwla in the guise of apps inherently affect narrative formation.

Each year it becomes more obvious how deeply apps can impact worldview formation. The way each
person sees the world and sees themselves naturally in conversation with the media they experienc
habitually. Apps are not only a convenient software distribution scheme; they are also recurring foils in

personal mythology making. An example of each will help elucidate the point.

Apps like Uber mask political and social maneuvering with a frienmflyirderface. Uber is a twsided

marketplace where riders and drivers exchange money for transportation sef¥itesthe driver, Uber

is a source of revenue, and to the customer it is an app for getting around. However Uber is also a human
social practie. To make this private transportation market possible, Uber had to disrupt the regulated

taxi cab industry in many of the cities where it now operates. The company knowingly broke the law to
G2LISY YIEN)y SGaeg G2 dzyt A OSy a S gin df th& medabibatoldigglidQiNab i A 2 y =
companies and drivers the world ovi@9]. Despite its apparent simplicity, Uberettapp could not exist

without Uber the organization that dared to flout local transport regulation and push for regulatory
Ayy20FGdAa2ya fA1S a3IA3al SO2y2Yeé AYRSUByBoeryine O2y G N

GCKSNBQATEMN CKI G¢ Aa | [68] Nie Bofoyratidtpopaldrized thaélghr&se ih 32009
campaign promoting the iPhone 3GS. They won a US trademark for the phrase the following year.
43 Riders and drivers could also beled clients and independent contractors.
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company usedrenture capital backing, legal representation, and lobbyists compensated with company
equity to overwhelm thousands of local taxi oligopoliég]. The Uber app abstracts away all of this labour

into anow-familiar software serice product form.

Uber demonstrates that appseducecomplex human practices beyond the realm of computation into

easily digested software product experienc&pps are a form of abstraction that obscures the complexity

within. Apps abstract all kinds of processes into software interfaces, no matter what multidisciplinary
performances are required to keep them running. The app interface allows Uber to make abstract the
variety of legal and financial maneuvesgecutedto make itpossible to step into the backseat of a

AGNF yaISNDRa OFNJIFYR 6S 6KAA|ISR Fgle G2 GdKS OKzaSy
Fff ¢S KIFI@S G2 R2 A& aidlF 1S 'y dzoSNW¢E LG AappsKl NR (2
not only because of their geolocation and ubiquitous internet affordances, but perhaps even more so

because it is hard to imagine operating so many illegal cabs any othe¥way.

At the same time, apps like Instagram illustrate how habitual engagement witlpation can shape

the way we perceive the world and ourselves. Early Instagram appealed to the fashion andndiesigd
demographics who posted gorgeous pictures. Although they seem quaint ndavieder Kevin Systrom

was celebrated for his photo filter which compensated for the low quality cameras popular at the time.

2 KSy Lyadl3aNry FANBG 1 dzyOKSRZI Aida OFYSNI sFa O2y
square photos created not only a uniformly laid out feed, but also helped systeratizent creation.

¢KS LIQa O2yaidNIAYySR OF YSNI &adzoidfe SyO2dz2N} 3SR S|
square frame. The more that | used the app, the more | noticed myself perceiving Instagrammable vistas

in the world beyond the screen. Bvavith the phone in my pocket, Instagram was residually affecting my

visual perception of the world. Symmetric architectural features and picturesque landscapes brought the
a20AFf YSRALF ySi@g2N] (2 YAYR dzy oA RRSigrdconstsgiati | I3 NI Y
successfully coopted my visual processing. While | installed the app on my phone, through habitual use, |

ended up installing Instagram in my mind.

Instagram is not the only software interface to color my thinking. Computational media ierpes

constantly insinuate themselves in my opinions, beliefs, and the ways that | experience life. Network

4t is interesting to note that, while the app stores will remove apps that threaten their monopoly (torrenting
applications, payment schemes outside ohjop purchases), apps that are illegal according to fadamws (VPNs

in China), and apps that do not suit their tastes (drone strike tracking app Metadata), they did not intervene in
Uber and its kin apps, which clearly broke municipal laws.
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a2F06I NS (2RIe Aa RSaAAIYySR (2 KA2FO1 dzaASNI FGOGSYGA:
perception is unsurprisingy1]. Memes effortlessly inform my sense of norms and the world around me,

and these memes are shaped by the computer media in which they are created, shared, and consumed.

It is impossible to verify every statement we encounter, and it is equally infeasitlguard our minds

from the effects of suggestion. Even if | do not believe what | am seeing, aesthetic experience incites
emotional and embodied reactions beyond conscious control. The media we are exposed to impact how

we imagine things are, what meghisms are at work around us, whom we can trust and whom we can't

[72], [73] Once we accept that habitual experiences shppeception, addictive applications can no

longer be written off according to twentieth century values as merely frivolous follies of youth or pop

culture.

Unfortunately, the relationship between software interfaces, the complexes of social and political
infrastructure they mask, and the impact of this social medium on discourse has entered popular
conversation in extreme slow motion. The 2016 election of Donald Trump appears to have so wildly
violated widely held assumptions about how politics is perforpree what role internet communication
plays, that Facebook and other network platforms are now finally being discussed as important actors in
society[74]. Unfatunately, the algorithmic selection of media and the engagement optimizing design
processes by which communication networks are designed is so dimly understood thafdiaed
criticism is out of reach for many. Critiques also generally fail to prangenediumnative constructive
criticism, instead resorting to arguments for reasserting-pamsistor institutional power, such as
government or publisher oligopolies. One of the essential contentions of the present text is that we will
only be able tornagine new and socially positive ideas in the medium of social computation when more

LIS2LX S dzy RSNA G Y R | WiKrSturviGtRisithiaeEhaBeat 4VakindNworks.

Software exhibits that strange property that Abraham Kaplan and othere bbserved of our tools: first

we shape them, and then they shape [8]. At a superfi@l level, apps promise to make easier a task
that we were already doingand so they snake their way into our lives. Over time, the software that we
expose ourselves to habitually comes to affect what we see. Users naturally come to see the world in
terms of the opportunities their chronic software provides. When the sky turns dark and it begins to

drizzle, an Uber driver may imagine lucrative surge pritingeanwhile, Instagrammers may find

S dzNABS LINAOAY3I A& | 6SNRA Y S OK hrigeAdanvandfogtstdpsidgiverdiplya A y3 02 Y L
When it rains, drivers earn more money.
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themselves bringing screenshots of face filters to cosmetic syrgensultations[76]. How can we
anticipate the ethical value or political significance of software, if its very presence upsets the basis of our

judgment?This is a theme we will revisit several times in the rest of the text.

Of course, this property of being installed in the mind is not unique to apps, or even computation. When
a skateboarder traverses the built environment, they perceive opportunities for grinds and ollies, even
without their board irhand. Whether they havéheir board with them at the time or not, they come to
perceive the world through the lens of its affordances. The aphorism that, to a person with a hammer,
everything looks like a nail, comes to mif#¥]. The productive constraints that we engage regularly
become installed in our minds, no matter their medium. It just spdems that there has never been a
more expedient means for spreading perception lenses as internet software. It is difficult to imagine what
the consequences are when, instead of a skateboard, the designed goods with which we relate contain

the dynamic andestering multitudes of human expressiéh.

Apps and other forms of software do not merely exist within the boundarfébe computing machine.

Software is powerful specifically becausexceed i KS 062 dzy RF NB 2F (GKS O2YLlzi$
time. Sdtware simulations affect the worldht first this meant cracking Nazi encryption, and now it means
collecting biometric data with camera apps that make you look like a beautiful unicorn. In this section, |
described two ways that computation escapes tlonfines of the computing machine. First, | showed

that Uber is not merely a new interface for mediating existing interactions, but that it is primarily a
collection of disruptive social gestures that installed a new regime of labour relations, all teaindsked

as an app. Second, | used Instagram as an example to outline how habitual software use installs new
perceptionlensesin the mind. | have demonstrated that computers deserve to be called abstraction
machines because they handily introduce newtedxgions to the world and to the mind. Apps are

powerfulbecause they reshape how we understand the world.

Section 4: Computation is Labour and Money is a Programming Language

What is programming? It may seem academic, but the question of what countsgmmming reveals a

lot about how one conceives of the medium of computation. To many, humans working with computers

%t SNKIFLJA a20AFf O02YLJzit A2y A& 2yS gl & (2 dzyRSNREGI YR
F& I O02YYdzyAOF A2y YSRAdzY 2 dgawé aré dfl Qiteryzdrénchidin tiie leléctrio/y 2 WO 2 y i
light of content. It shines so powerfully, it penetrates the mind and4grogected from our eyes onto the world

[78, pp. 2425].
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can be divided into two categories: programmers and users. Programmers write code, whilst users simply
make use of existing software. Adthgh both work with computers, programmers are the more

empowered of the two classes, because they cannot only use software, they can also write their own.

In this section, | will argue that, contrary to common belief, eead-user interfacesthe highes level
interfaceabstractions, argrogrammable if we look with an open mind. First, | will revisit the hierarchy

2F 0aluNrOlA2ya dGKIFId L RSAEONAOGSR Ay GKS @GSNEB FA
l0AGNF OGA2yadé ¢ KSpbiing bersgedtites on LpegamBiyigl today sFnallg Lwill

introduce a new approach, which maintains the widely accepted technical definition of computing and
reveals that programming is already accessible to-pagrammers via the same financial interfad@at

have been intertwined with computation all along.

Traditional Perspective on Programming and Computation

The ladder of abstractions is a helpful tool for thinking about how computers are built, but this linear
hierarchy des not comprehensively desbethe flow of power, influence, or invention in computing. As

we saw in the first section, the metaphorical ladder suggests that computers are made up of sequential

layers of abstraction, from chemistry through hardware to software. This vertical liziation of
O2YLJziAy3a a O2YLI2aSR 2F af2gé 2N aKAIK § SOSt & | 0.
activity that cannot be fully captured on a single axis. For a fresh perspective on computation as a medium,

it is important to step outsid of the received narrative and inspect ways in which the linear hierarchy of
abstraction can be subverted by other virtual media. Which abstractions are programmable is one such

access point.

Computer science trains students to associate computation Witling completeness. Within the
discipline, a computer is formally defined as any system that is Turing complete, as discussed in section
two. Any machine or environment is Turing complete if it can execute an algorithm, or set of instructions,
by readingand writing symbols stored in a memory device, so long as it can choose which instruction to
execute depending upon the symbols read from memory. With these basic ingredients, a machine or
environment will be able to execute any program that can be wmitsd executed by any other Turing

machine.

Turing machines are appealing because they provide a strict definition of computation while remaining
F3y280GA0 Fo2dzi GKS O2YLHzi SNRa YFGSNRARFE AYLX SYSy il

computers like the von Neumann architecture computers with their CPUs and RAM. There are biological
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computers, too. DNA is Turing complete, despite being made up of entirely different materials and
architecture [79], [80] There are also entirely virtual Turing machines, whose memory and
reading/writing capabilities exist only in a simulated environment. These virtual machines are also capable
of running arbitrary programs, despite their immateriality. So for instance, if a person wants to play
PokémonYellow, but does not have access tblimtendo Game Boy, they could download a Game Boy
emulator, which mimics the hardware of the missing physical computer entirely in software. In this
scenario, there are several Turing machines running atop one another. The binary running on the CPU and
RAM constitute a Turing complete environment. The operating system running on that hardware also
constitutes a Turing complete environment, because it too is programmable. Finally, the Game Boy
emulator running atop the operating system is also Turing cotapkach of these systems could execute

any program that could be encoded and executed by any other Turing machine, despite the differences

in their construction. Turing machines can be electrical or biological, physical or virtual, and beyond.

Turing completeness is more common than one might imagine. Many systems can be wielded in
unconventional ways to reveal latent Turing complete affordances Mdmgic: The Gatheringard game

has been shown to be Turirmpmplete, as have Minecraft and a variant of the Windows game
Minesweeper with an infinitely large game bod&lL]¢[84]. Reearch has also proved that Microsoft
PowerPoint provides sufficient affordances with its animation objects to create Turing machines inside of
a presentation. This means that one can execute any program inside of a PowerPoint slideshow, albeit

quite slowly*’

To a traditional computer person, an emder interface thais not Turing complete is ndtself a
computing machine. Beyond a certain point of abstraction, interfaces become too limited to satisfy the
criteria of Turing completeness. The usabilityeated design that emerged in the 1980s and 90s
popularized many such applications, which are open to user interaction, but locked down so that those
same users cannot create infinite loops and other ci#imshucing scenario® Today, it is natural to
presurne that software is written by professional developers and consumed by hapless users. This trend

is so entrenched that glimmers of euder programmability, like Minecraft Redstone, Roblox Studio,

47 Some of these unconventional Turing complete systems require a human (or equivalent) actor to manually step
through the program. For example, in the case of PowerPoint, a human must click a sequence of highlighted
odzid2ya (G2 ¢l f]1] GKNRdAdZAK GKS O02YLMzil GA2y® 2 AGK2dzi GKS
the next action. In this case the humacts something like a clock in a von Neumann architecture computer.

48\Word, iTunes, Acrobat Reader, iPhoto, etc.
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PlayStation Dreams, Apple Shortcuts, and Zapier Zaps awedcas innovative software that unleash

the power of programming when really that power had to be deliberately obscured in the first place.

In contrast to Turing, some argue that any interaction with a computer is programming. In their 2019
G2N] AaK2RIAG!I EHNBFRe t NBINF YYAYy3IZE FNIAAG FyR SRdzO!l
between programmer and user is political, not technical. Hoff claims that the technology industry has a
vested interest in separating programmers from users, becabnseputs programmers in a position of
relative power[85]. Instead, Hof§tates that user land activities like manipulating buttons in a smartphone
app or naming and organizing folders in a file system are legitimate acts of programming. Like traditional
programming, these user actions also affect the state of the machine Himdately compile down to

binary code running in the CPU. Furthermore, Hoff observes, the static classes and functions available in
a high level programming language like JavaScript are prewritten code borrowed from others. If JavaScript
developers rely upn the work of others to author code, then perhaps interface manipulation should
count as programming, too. This looser definition of programming aims to reclaim agency for those
disenfranchised by the Western patriarchal computation paradigm. From thislalgizing perspective,

any action that results in code execution could be called programffing.

To people with computer science backgroundmdty bedifficult to accept the deconstruction of the term
programming. Turing completeness and the definitidpmgramming that it implies are useful concepts

because they distinguish machines that can run any arbitrary program from machines that can only
execute a finite set of actions defined by their creator. To this point of view, a high level application tha
exhibits no Turing complete affordances cannot be programmed, because computer programming is
defining information processing algorithms in a symbolic language with a strict minimum of expressive
freedom. Under the formal definition, an Instagram usend a programmer, because they are only
YFE1Ay3d dzasS 2F ftAYAGSR TSI (dz2NBa& RSHBygolMst, a@ogiaid I G | LJL
like Excel is intended for a large audience of-ded SNBE S o6dzi AdG&a | F¥F2NRIyOSa Y

programmability, and so it is considered by many to be the most popular programming lan@fdge

49 What human interaction could mean in a world where the network is constantly passively reading and
internalizing human actions as subtle as lingering on a picture, lingering in a doorway, or lingering in bed, is
Fye2ySQa 3IdzSaao

50 |nstagram may be Turirgpmplete in a roundabout fashion, like PowerPoint, but let us put that aside, as such a
proof would not fundamentally change how most participants make use of the network.
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Instead of exploding the idea of programming as an act of resistance, | would like to propose an alternate

resolution to this gestion of programming agency in consumer software.

Programming with Instagram

| propose that ifs possible to program using high level interfaces, without having to change the meaning
of programming altogether. If programming meaoscreate a sequence dranching instructions that a
computing machine can executthen there are already many social media creators who successfully

program, despite the Turing incompleteness of their preferred interfaces. How is this possible?

To program with social media,person must engage the affordances native to the medium. Programming

with social media does not look like programming with traditional abstractions like text or visual
programming environments. In many social media, attention is the most important measdwwuccess.

To create software with social media, one must begin by programming cantbat is to say,
GLINBINI YYAYy3TE AYy GKS GStS@Ararazy aSyasS 2F GKS GSNy
by the interface and the algorithm to createedia that click with an audience. Successful social media
creators accumulate large numbers of views, likes, streams, or plapenific equivalents. On their

own, these attention metrics are not able to conjure novel programs.

To turn media stardom o programming, creators must exchange attention for a more liquid virtual
asset: money. Advertising allows creators to convert engagement into dollars. Creators can swap clout for
cash with platform monetization tools, like Google AdSense, they can eathandise likes clothes and
cosmetics, or they can make their own paid content arrangements, such as sponsored episodes, ad reads,
and product endorsements. Whichever monetization scheme they choose, creators can use the money
they earn to hire programmet who can write the algorithms their employer desires. Financial abstraction

allows commercially successful influencers to transform views into code by way of business.

Kim Kardashian, for instance, has proved that it is possible to create softwarg/vittill I NI Y& Y I NRI &
path to fame is well known. She acquired an initial following through promotional appearances, reality
television, and tabloid magnetism. As social media platforms like Instagram rose in popularity, Kardashian
adapted herbrandtofi G KS FT2NXI 1Qa O2yaiGN}XAylao 2SS{ifteée SLA

Q)¢

by roundthe-clock selfies, fashion photoshoots, and related content. Kardashian monetized her audience
with paid content sponsorships and developed her own makeup krdaadhniques that have since
become standard in the influencer business playbook. Kardashian then used her following and the money

that she generated from these commercial endeavors to finance the development of smartphone
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software, such as Kimoji, a premium iOS lagyld stocked with Kim-aspired illustrated imagef87].

¢
(Vo))

Like all iOS keyboards at the time, Kimoji was written in Objettiveg A (0 K ! LJLJX SQ&a - / 2
environment and in accordance with the iOS Software Development Kit and AppRetoesv Guidelines.
Kimoji sold for $1.99 and the app grossed approximately $3 million in its firs{8@&aTalk of the app

and its financial success traveled across the Engpsiaking internet.

Money B a virtual abstraction that social media influencers can use to engage computer programmers.
Although Kardashian is not a programmer herself, she made use of the Tnoamgpleteaffordances of
social media to commission software which in turn createdrenmedia attention and revenues.
Kardashian generated attention value on Instagram, captured that value through advertising, and then
allocated that newfound capital to software development. Her software, in turn, fed back into her
celebrity and netted hesignificant financial gains. To launch her popular Kimoji sticker set, Kardashian
RAR y2i0 ySSR G2 LAO] dzLJ Iy hQwSAftfte YIydzat 2y | LI
latest update to the iOS SDK. Instead, she simply used her wealthtbeipaith programmer specialists,

who worked to complete the software development aspect of the project. This template is instructive.
From attention, to monetization, to USD, to software development, to further monetization and attention
accumulation. Inhigh level interfaces such as social media, money provides liquidity that enables

attention magnates like Kim K. to produce software.

¢2 ONBFIGS a2FG6I NB 6AGK LyadlkaNlIyYQa FF2NRIyOSazx
most often associan with computing. Instagram is not programmable by the strict computer science
definition, but it nevertheless provides ample opportunity to people with entirely different skillsets to

turn their ideas into legitimate software. Contrary to popular opmithe value one can accumulate in

this more computationally restricted environmeistsufficient to create programs that run and execute
according to the definition laid out by Turing and widely accepted by the computer community today. To
program with lrstagram, one must break out of the confines of the computational abstraction hierarchy,

and use parallel virtual media, like money, to address lower level computational affordances.

Computer science traditionalists will no doubt find it difficult to ¢édrdashian a programmer, because

she is not the one responsible for writing the code that is compiled and run. Kardashian is the only
essential person in the creation of Kimoji, for instance, yet it will seem wrong to some to say that she is a
programmer lecause she did not write the code. Social media is not considered a programming interface

because financial instruments are not often regarded as programming interface primitives. However, if
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we reminisce on the origins of the medium, digital computatias factually always depended upon

money as a means of wielding abstract algorithmic labour.

Computation is a form of labour

For hundreds of years, computing has been adopted first as a means of automation for cost saving and
efficiency gains, then later ag medium for different forms of creative expression. Joseph Marie
WI Olj dzZ NR Q& -candylopms chialzified Kseveral prior inventions to create an automated
manufacturing technology capable of accelerating weaving in Frig@l® WI Olj dzI M3pieed f 22 Y &
Charles Babbage to seek funding from the British government to build calculating and computing
machines that could outperform human computers in speed and accl@@cy. 6], [91P* At first, these
proto-computing devices we invented to accelerate execution speed and obviate costly human labour.
Like domesticated animals, singlarpose machines, and combustion engines before them, computers
were first and foremost a technology aimed at reducing human labour input whileasing the desired
output. Over time, early computing machines made way to modern electronic devices, whose incredible
electric switching speed made possible new applications for which human computing labour would never

have been applied.

The inverse islao true: humans are also routinely deployed to replace computer labour. In circumstances

where software algorithms are not able to perform a sophisticated but desired task, technology
organizations regularly deploy lewage human labourers to fill in thgaps. Author Astra Taylor has

proposed the ternfFauxtomatiorfor these algorithmic tasks that are performed by humans, but branded

Fa AT (GKS&@ IINB R2yS o6& YIOKAySaod ¢Fe&f2NJ | NBdzSa (KI
aYlF NI SN GKI y [92KTéahnolbidy brgahizatiorns Kileéor omit the human element in their
processes both to avoid drawing attention to their labour practices ardrtify the veneer of inscrutable

scientific magic that often allows them to skirt regulations facing other industries. Although fauxtomation

is an important and undoubtedly increasingly relevant framing, in the present text, | am less concerned

with the theatrical staging of human work as software output. Instead, | am more interested in the

interchangeability of human and computer labour, and what it reveals about computation.

Examples of humans doing labour associated with computation abound. At prdsenans remain

involved in many classification and data cleaning tasks. For example, humans perform social media

51 As every introductory text mentions, computers were originally humans (usuattyewpwho performed
mathematical calculations.
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content moderation, voice transcription, and image and video tagging. The most famous example is
LISNKI LJa D223t SQa w Sims thiliedykinhethierg Nddmeddes Gser s 6 Aud&n oCatbot

through image classification tedi83]¢[95]. While testing users, ReCaptcha also uses this-geluintary

-to-read characters in scanned books, Street View pictures, and other data set cleaning work. In a similar

vein, human transcription services like the noefunct Jott, used human workers to transcribe audio
message§o6], 970 ! YI T 2y Q& aSOKIYyAOLFft ¢dzN] o6fl dzyOKSR Ay H.
type of ondemand labour. One 2017 research study found that Turkers earn a median hourly wage of $2
[98]¢[100]. MTurk is a convenient hosted service for easily engaging human labourers for tiny tasks that

elude software.

Human labour optimization has been a part of manufacturing since the early twentieth century, long

before computers were introduced to the wiqulace. In the 1910s, industrial researchers advocated for

process optimization techniques, which they called scientific management. In the 1910s, Frederick
Winslow Taylor and Frank and Lillian Gilbreth developed new methodologies for breaking human labour

into short tasks that could be optimized for execution sp§Heil]¢[103]. Taylor consulted on the Ford
azli2N)/2YLIl yeQa R2LIGAZ2Y 2F Y2@Ay3 | agiea¢osg f AySa
These assembly lines increasedoguiction speed and output, which allowed Ford to reduce
manufacturing costs. Instead of a single person building a whole car, these optimization techniques
emphasized the division of labour into sequences of efficient repetitive tasks. Today, techniques fo

maximizing manufacturing operations with human workers is called methods engineering.

Methods engineering techniques are a form of abstraction that transform skilled craftsmanship into
algorithmic labour. In an efficient factory, complex projects arekbn into the smallest possible parts.
Completing these tasks does not require the labourer, be they human or machine, to understand how the
wholly realized output functions. This approach allows factories to decrease costs and increase outputs.

It also m&es it possible to treat employees like interchangeable parts, because the tasks they will be
completing do not require skills unique to any one pemsaithough they may be very physically and

mentally taxing. This type of labour is naturally compatiblehwiomputational execution. More
AYLRNIFYyGt ez GKS aNI GA 2y | -$ized tasks Is &sglEa fornFof abstrgictiam. InO G dzNR
fact, we have already seen a series of examples in which human labour is transformed into computer

commodities, ad promptly forgotten altogether.
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Financial Abstractions in Traditional Computer Sciences

Financial abstractions are endemic to all applied computation. When working with computers, it is
impossible to avoid the division of labour into specialities. Whefiregramming or building hardware,

one is constantly using money to outsource work to others. In practice, one most often uses off the shelf

LI NIia FyR &a2FGol NS FT2NJ SOSNER |oadNIOGA2y o06Se2yR
idiosyncratic of hoby projects, growing silicon crystals and etching CPUs is left to professionals who
benefit from massive scale. Even the most dedicated hardware hacker who builds computers from scratch

will purchase transistors and integrated circuji®©6]. To work with computers, one must constantly
outsource labour to others be that buying integrated circuits or cycles arloud server. No matter the
circumstance, money allows a person working inside of one abstraction to ignore the details of all the

rest.

Computer hardware reference books confirm that division of labour is essential to even understanding
howacomputerg 2 NJ] a® a2 SQONB y20 AYyGSNBaidSR Ay (GKS LIK&aA«
author of the 656 pagePrinciples of Computer Hardw&e & o0 SOl dzaS G KIF G Qa GKS
AaSYAO2y RdzOG 2 NJ Sy B5 y 306] Naothef ookl kit &uliding diModern Computer

from First Principlegustifies its entirely schematic approach to computer design when it states that
GG2RIe@Z KIFNRglI NB RSaA 3ywiiNteir fage héndsy |askedd] tiiedzdldn Rnd | y & ( K
optimize the chip architecture on a computer workstation, using structured modeling formalisms like
Hardware Description Languagl, p. 14] This book, too, spends no more than a handful of sentences

on the chemistry and manufacturing used to make computers real.tiénaelying on reified human
fl62dzNJ FNRY (GKS &dzlllif & OKFAY 2NJ G4KS 1L {G2NBX ¢
makers are constantly stepping outside of the linear hierarchy of abstraction to spend money and buy

their way to working computeresults.

Computation has always been entwined with financial interfaces to specialty lmboajust do not talk

about it that way. The hierarchy of abstraction has two purposes. As we discussed, it makes it easier to
understand all the parts, because hides the inner details behind helpful names (which serve as
interfaces). At the same time, these abstractions enable any single computing device to contain parts
sourced from hundreds or thousands of manufacturers. The supply chain is fully integratedigital
electronics. Supply chain manufacturers furnish packages of abstract human knowledge and workmanship
in the form of components. Money is not just a programming language for the rich, it is electrical

engineering for hobbyists and professional&kel Money grants access to the works produced by
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processes | do not or cannot engage on my own. The intricacy and depth of interrelated computer

abstractions make this not just a choice, but a necessity.

Programming, too, is open to mediation by finarndmerfaces. In the hardware stack, one pays money to
acquire working components. Why then, should it be any different for software? Programming labour is
just as open to abstraction as the work and skill involved in developing hardware componentsisThere
no question that a C or LISP programmer is a legitimate author of software processes, despite their
disinterest in the hardware underlying their craft. Not only is it legitimate, it is conventional within the
discipline to ignore the human and compufeactices required to make programming possible. Following
this logic through to its conclusion leads us to the realization that even a high level interface can be used

to indirectly write and run software code by way of money.

Finance and computation angarallel and complementary virtual systems. From its origins in weaving,
government, and military research, computation has always been bound up with money. In the preceding
pages, | have argued that the same logic should be allowed of the higheshlevigdes. If an application

is closed to programing, but open to commercial extraction, then creative thinkers will find ways to exploit

that escape hatch. If one finds oneself stuck in an abstraction with limited expressive horizons, it is
perfectly legii A YIF GS G2 KI Ol 2ySQa g¢teé (2 GKS 3J2Fftd / 2YLM
virtual towers of abstraction that have been strapped together from the start. Their proximity makes it
possible to escape and jump from one virtual edifice to the gtbety to step back in at whichever level

we want. Acknowledging trap doors and opportune scaffolding between virtual architectures like these

make us sharper network thinkers.

Money is a programming language, in the sense that it can be usednbadigally orchestrate
programming itself, just like so many other parts of the digital computational stack with which we are
familiar. Avowing this opens the door to a theme running through this and every other chapter of the
present dissertation. The futamental design challenge for writing network software is to create
mechanisms that ensure the viability of a software authoring organism over time. By introducing money
as a programming language, we have begun to acknowledge that the role of designnrakivey of
software is not just the color palette, nor even the data structure, but the nature of the engine for paying
the rent and expenses of the labourers. Computation and the network organisms | will discuss in
subsequent chapters are tied just as rhuo the traditions of computer science as thag & the market

and the media.
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Chapter 2: Algorithm Theatre

Computation provides creators with endless open space. Software is a fluid medium that can ingest or
output just about any material. When workingith such an intangible virtual substrate, creators, myself
included, can easily inheadssertions about the medium. Prior art can be the mark on the page that allows

a creator to get moving, but at the same time, the dominant ways of talking about seftvea limit our

collective imagination.

In this chapter] argue for the similarities between network software nmakiand the performance arts.
challenge some broadly held assumptions about the stylistic natuweeatingsoftware, and explore how
alternate language and conceptual frameworks might open the door to exgyeriments, products, and

art.

Performing Network Software

Programming Metaphors: Literature v. Performance

Software is a performance art. Despite other,ia@opular metaphors and analogies for the process of
creating software, | believe that performance is a helpful and refreshing way to think about making code
and establishing computatieariented institutions. In this section, | will present three waysvhich the
practice of making network software resembles performance arts. First, | will discuss the role of revision
and repetition in software making. Second, | will examine audience participation in network building. Third
and finally, | will explore he network-building institutions engage consumer emotions through theatrical

gestures.

Itis easy to think of software development by analogy to writing. One unintentional consequence of this
cultural association is that we speak about the software makiagtjte using terminology borrowed from

literary publishing. In fiction, code is usually depicted as text typed into a computer on a keyboard. Similar

OKI N} OGSNAT IFdA2ya INB O02YY2y FYy2y3ad LINI OGAGAZ2Y SN
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for describing softwaré? Visually, this phrasevekesstock photographyimages of cryptic computer
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far behind the dominant textual one.
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syntaxes and technicddoking indentation schemes, perhaps represented by lgghbured text on a dark

coloured screen. In sum, computer programming today is associated with text.

In fact, programmingan just as easily be visual, physical, or any other modality one might imagine. As we
saw in Chapter 1, what counts as programming is any arrangement of symbols that can be translated into
sequences of instructions for a computing machine to execute.igbizrne out by alternative interfaces

to code today. There are nodesed programming environments, such as Scratch, Unreal Blueprints, and
Max, which enable the programmer to create software projects by connecting-bl@ckodes to one
another[107]¢[109]. There are also physical programming environments like Dynamicland, littleBits, and
Google Bloks, each of which create tangible means for creating soffd&0dc[112]. These projects
demonstrate that the link between software creation and writiisgthe product of a particular set of
historical contingenciesVisual and physical modalities are just two options among an endless range of

symbolic representations for programming.

In practice creating networksoftware is much more like performance art than prose publishing, because
network software must constdly be performed anew to continue working. When writing a book, an
author works with an editor to create a body of text that can be published. Although there may be minor
adjustments in subsequent reprints or digital corrections, a traditional book ghédi on the day it is
published. If the author has more ideas to add, they can create an expanded second edition or write a
new book altogether. Either way, the first edition and first pressing continue to function as intended at
the time of publishing. Tk is exactly unlike network software. Software that is intended to run on the
network inevitably depends upon myriad thighrty services and standards to function. Over time, the
protocols, operating systems, and distribution schemes upon which a piecdtavare relies will change.

To continue working, the software must be updated to match the new circumstances in which it must run.

Software is like a recurring performance, because it must be regularly maintained to continue operating
as intended. Foinstance, in 2018, Google Chrome introduced a new feature that would block webpages
from playing audio unless the user demonstrated an intention to trigger an audio event with a mouse
click. This restrictive feature was introduced to cut down on intruaive manipulative advertising. The
change was criticized by game and audiobook webapp developers, because it broke websites that did not
update their code to match the new Chrome guideliftes3]. For active developers, the change required
them to fix their webapps to conform to the new rules. For unmaintained sites, the change simply broke

the audb aspects of those pages. In some cases, reengineering the application to conform to the rules
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would have been too lengthy a process for developers who had moved on to other projects. For projects

with no remaining maintainer, the change broke those sgiesmanently.

Breaking changes like these happen on most platforms. Backwards incompatible updates to web
browsers, web protocols, standards, and security practices are practically unavoidable. On proprietary
software stacks, like mobile and PC operatingteays, breaking changes are even more common. Every
few years, Apple, for instance, requires that developers update their apps to support new screen
resolutions, new processor instruction sets, or new legal documents like privacy policiesoiphant

apps are removed in short order. At any moment, breaking changes in the platform, or other services
upon which the software depends, threaten its operation. Unlike a book, which continues to work no
matter how grammar or printing technology changes, netwsokware relies upon the care and attention

2T gAfftAy3d RSOSE2LISNAED® Ly it 2F (KSaS OANDdzvaidly
that of a theatre company that puts on a show anew each night of the week. If the performers and
supportingstaff do not show up, the show does not go on. If the venue or city impose new requirements
upon the production, the theatre company must adapt and adjust their work to fit the novel setting.
Although a lot of software is written as text, its upkeep lofdesmore like production repetitions. Should

the programmer(s) choose not to show up and perform, the network software will stop.

Network software that relies upon user engagement to thrive is especially like performance arts, because

the product dependsipon audience reaction. Nowhere is this more obvious than in social properties,

such as social media, communications networks, and creouniced projects. TikTok, Wikipedia, Apple,

YR 20KSNB |ff RSLISYR dzLl2y (i KS Aher devidBpinSnyvid&a@ O2 y i A
upkeep. Regardless of their businessdel, thesenetwork organismsnust maintain a keen interest in
GKSANI I dzZRA Sy O0SQa SNifd réaiicnshiy is piethapd icStAikeXhat dzéd DIdaiidiliancing
concertgoers. The Di responsible for both bringing an energy that excites and entices the public, and
Ffa2 | R2adaAaldAy3d ljdAaOlfe aK2dZ R GKSANI YdaAaAOlFt OK2AO0
are in a relationship of constant feedback. Either party on tbein is not sufficient to create a lively

event. Together, they can create happenings of previously unimaginable social consequence. The same is

true of networks makers and network participants.

53To keep things brief, | will hereafter refer to the superset of network companiesprafits, and open source
initiatives ametwork organisms.
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Internet-native networks are especially reactive to audiebedavior. Facebook, for instance, pioneered

popular algorithmic attention products with their News Feed, which launched in pPaeH. With News

Feed, Facebook introduced to their users a content aggregator that drew upotbekavdr to decide

what to show next, rather than pure chronology. In contrast to blogs and RSS readers that had come
0SF2NBEZ bSsga CSSRQa LRgSNFdzZ NBEO2YYSYRIGAZ2Y Sy3IA)
likes, comments, and time spent when selectivigat to show. News Feed was a powerful paradigm shift

in network software design that made real time user engagement data a crucial ingredient for future

LINEP RdzOGlad® a2NBE NBEOSyidfesx .&GdS5Fy0SQa ¢Al¢2] KlFa R
NP g SOSY Y2NB | RRAOGADGS GKNRBAZAK dzASNI FGdSydAazy YS
NEO2YYSYRIGAZ2Y EIA2NAGKYYE SKAOK A& oFaSR dzLll2y &A3
has proved extremely effective at selecting the mostagigg videos among the millions uploaded each

day. TikTok combines traditional computational, machine learning, and human labor approaches to
analyze and categorize videos by contft5j@ ¢ A1 ¢21 Q&4 C2NJ ,  2dz LI IS YSI &dzN
as likes, comments, and video completion to create a feed of unparalleled attegrtédobing short videos

[116]. In these cases and others, network software products demonstrate superhuman reactivity to
audience engagement. While auttsomay pay attention to their readership to some extent, the greater

parallels to performance arts are clear.

Performing Institution Building

In her 1991 boolComputers as Theatr®renda Laurel showed that the dramatic arts can be a helpful
influencewherRS&aA3IyAy3 a2Filio6l NB AYyGiSNFIFIOSad [ dz2NBf Qa NB A
the theatre and her initially accidental career in the tHeurgeoning field of user experience des[@a7,

p. 16] Throughout the I8e-1970s and 1980s, graphical user interfaces and consumer friendly computers

like the original Apple Macintosh popularized the ideas of interface design, user experience, user research,

and product usabilitf117, p. 3] Laurel caducted research and product development at Atari, Apple,
Activision, and Interval Research Corporation, where she developed her unique perspective on interface.

In Computers as Theatréaurel argues that user experience designers can glean useful asmhtthe

dramatic tradition. Beginning with classical Western dramaturgy, Laurel draws out language and analytical

categories, then considers how each can be applied in HCI reséavicitivation, intention, potential,

54 HCI is Humaomputer Interaction, the academic disciplinary framing of research about human and computer
interfaces.
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action, enactment, pattern, and timare just a few of the conceptual tools theatre scholars have
developed to dissect a play. Laurel provides countless examples of dramatic elements and evidence of

exemplars in software history.

I contend that Laurel did not go far enough, and that retllé/most crucial theatrical element of creating

software is the staging of the organization that performs and reperforms the project itself. In the 1980s

and 1990s, the relatively young field of interface design was ripe for more humanistic influences like

[ F dZNBf Qad® 5SOFRS&a tFISNE K2gS@OSNE GKS F20dza F2N
computation corporations concentrate wealth, power, and social influence like never before. In this
moment, it is urgent that attention to theatrical gestiie Y2 @S FTNBY |y AYRA QA Rdz f

the design of the organizations that create these weggtmeating products in the first place.

This metaperformance, of creating and positioningreetwork institution,is the most intriguing and
undervalied performance art at this time. As | discussed in the previous section, network software most
often requires developers to perform their work anew all the time, forever adjusting to the dynamic
environment around them. Whether due to changes in dependsnhar market conditions, network
software makers must constantly react and update their work to fit the present and future. As such, the
most important ingredient in launching and maintaining a netwinrkised project is to secure the interest

of those pe@le who can perform the software over time. Whether they be paid employees or open source
contributors, it is of the utmost importance that the people whaake the network be excited and
engaged. This is not the type of performance art one is likely tbifiran art school course catalog, and
yet it demands the very same creativity to which artistic vitality is attuned. To accomplish this feat of

building network organisms, one must venture into the psychological domain of brand.

A network organism needsnaenthusiasm engine to inspire passionate volunteers or compensate
employees. Regardless of their business model or institutional design, network organisms live and
propagate thanks to enthusiastic acolytes and peripheral believers. Let us consider yipee df
organizations: a noprofit, a company, and a cryptocurrency. A amofit network organism, like the

Wikimedia Foundation, survives by monetary donations, which fund development and administrative

costs, and volunteer labour, which creates Wikipdd Qa O2y GSyido® Ly GKS Ol as 27
create a free, publieditable, open encyclopedia touches many people who happily contribute one way

or another. In the case of a company, such as 23andMe, the promise of an ambitious and potentially
lucrative future business motivates investors and employees alike to get involved. If they are convinced

by its mission, plan, and competency, investors will trade the money they manage for shares in the
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the vision a reality. The stronger the company myth, the better the talent pool that will be available, and

the more those employees will want to be compensated in company stock, instead of cash. Equity
compensatn arrangements like this allow the company to create golden handcuff clauses, which
improve employee retentiof® In the case of a company like this, a bold mission and promising financial
prospects come together to create the enthusiasm engine at thethefahe institution. Finally, in the

case of a cryptocurrency, similar mechanics are at work. In cryptocurrency, early adopters, volunteers,

and investors are motivated by faithor perhaps fear that a new digital technology may transform the

nature of assts and value altogether. In this third case, mythic hype drives all parties to participate in the

creation of a new empire of value.

Cryptocurrencies exhibit some especially interesting growth mechanics, because they create the
opportunity for early adofers to invest in their obsessions. Traditionally, being an early adopter has many
downsides. Early adopters implicate themselves in technologies that may be imperfect, too early, or that

will never pan out. Being too early to a technology or social phesran is also socially unprofitable, as

the mainstream is not yet prepared to appreciate the foresight. Participating in a technology before it has
GONRP&aaSR GKS OKFavYé FyR NBFOKSR SIENIe& YIAYaaNBlIyYy
Adoption lifecycle terminology, opens an early adopter to criticism and social ostracizHti8].
Cryptocurrencies turn these disadvantages around and mobilize early adoptiorfolvo Rrst,
cryptocurrency early adopters stand to profit enormously, should the technology become popular down

the road. Second, cryptocurrencies that are scarce assets also incentivize early adopters to promote the
network through word of mouth, because mor&k@ LJGA 2y Ay ONBI aSa GKS @It dzS
holdings. In both ways, early crypto adopters are financially motivated to suffer the hardships of public

support for an asyet unproved technology.

9f 2y adzal Qa | LIWINRBI OK (2 T dsffdies ol théakiGl stagnhBay Bring/ 2 Y LI
ambitious goals within reach. According to his own retelling, Musk came up with the idea for The Boring
Company due to his frustration with LA trafficl9]. To solve the gridlock, Musk reasoned that it would

be necessary to build thredgimensional layers of highways undergroyd@0]. To make that possible,

The Boring Company was founded first as a small project at SpaceX, then spun out into its own company

55 Golden handcuffs are compensation arrangements that require employees to stay with their employer for a
given period before they have access to their allotted stock or other compensation.
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in 2016[121]. Its goal is to build boring robots that can quickly and cheaply dig 3D networks of tunnels
underneath big cities to alleviate road traffic and free up space on the surface for things other than cars.
The company was officially created in 2016, butats in 2018 that Musk performed the great gambit of
futurist theatre that | would like to discuss dtetail [122].

In January 2018, The Boring Company openeebpilers for a limited edition collection of flamethrowers

[123]. The flamethrower product launch followed hot on the heels of the company selling out of 50,000
olasSolft OFLA SYofll2ySR gAGK (KS ghaywLhilod,asd yI| YS o
inspired them to launch a follow up product. Musk took to Twitter on December 10, 2017 to entice his

fans with a flamethrower prannouncemen{124]. The company, he implied, would soon begin selling

assault riflestyle flamethrowers with a diinctly cinematic science fiction aesthetic. The tweets caused a
sensation on social media and in the press-&tders opened on January 27, 2018, and less than a week

later the company had sold out of all 20,000 units. At $500 per flamethrower, the aaoyngrossed $10

million in sales with no significant marketing budget. Within a few days, journalists had figured out that

the flamethrower not only failed to meet the technical definition of its namesake, but that it was actually

composed of a standardsse roofing torch packaged the enclosure of an airsoft gya25], [126]

The Boring Company Not A Flamethrower spectacle is exemplary of the performative latitude open to
creative network makers. This limited edition product used theatrical gestures like hype, scarcity, and
collectability to emotionally engage the audienard motivate them to part with their moneywa dza {1 Q a
persona and the pitciperfect positioning of the product encouraged fans to identify with his heroic quest

to improve the world through technology companies, while also baiting those susceptible to collector

logics to join in funding his newest opgion. Musk further excited his audience with selfvare humour

like his January 286 SSG ¢ KSNESKMHZBNR &K G LQY aSONBifeée ONBI
ISYSNI 4GS RSYIFYR F2N Tt | Y87 RKoNaRByea Boiikg Corapang Bamietbfro®eér St & T

was exciting, funny, crazy, thrilling, insidery, optimistic, and more.

The Boring Company is not a network technology company by any traditional definition, but to anyone
with an open mind, it is clear that thigambit, and the network organism that Musk and his associates
intended to set up, are deeply integrated with network software. The product was hyped on Twitter, sold
online, and manufactured by strapping together two commodities issued from the suppiy, ¢han
branding them as something else with altogether greater viral potential. The flamethrowers became a
meme and a comedic symbol of reckless young wealth. It is a recurring gag, for instance, in Teen Choice

l 6 NR 6AYYSNI 5F@PAR 520NA]1Qa L 2dz2¢doS OARS2a0
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performing in the style of algorithmic theatre. Musk could no doubt fund the company by other means; a

few months later, in fact, The Boring Compamnounced that it had raised over a hundred million dollars

in venture backingl21],[128],[1299 a2 NB AYLENI I yi> K246SOSNE Aa GKS 7
into the staging and performance of futatic meme theatre. Regardless of alternative sources of money,

2N GKS LINPRdAzOG (KS@& dzf GAYFGSt& aKALE adzal Qa . 2NA:
through a lucrative gag that made it by far the most recognizable of tunnel digging brards\irotld.

This notoriety undoubtedly helps this modern network organism find future employees, investors,
inbound sales inquiries, and eventually public shareholder enthusiasm. This is a trick Musk has repeated

for each of his ventures since he exited RayBnd it is as important aspect of his success.
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Chapter 3: Fashion and Attention

As we saw in Chapter 2, making network software is a performance art. Network software must be
performed over and over as it forever becomes obsolete. Its form and behawist respond to the
audience, sometimes many times per second. Perhaps most perforpti&eas all, network makers must
improvise a convincing theatre act to create a viable institution that can steward their creation into long

term viability.

If network making is a performance, then creating fashions and commanding attention are its stagecratft.

This chapter deals with perception and immersion. In section one, | will describe the role of fashion in
positioning networks in the public consciousness. Tédtien focuses on the similarities betwesacial

networks and popular content. Despite superficial differences, | will argue that these two phenomena are

in fact, quite alike. Sectiokis dedicated taattention optimizing designthe brand of design thanany

network organisms are incentivized to pursue. In this portion of the text, | will provide background
AYTF2NYEGAZ2Y 062dzi GNIRAGAZ2YLFE a20AFt YSRALF ySig2NJ
their design choices. This section clogath an argument that even paid entertainment services are
RNAGSY (2 Y2y2LRtA1TS &a4dzoaONAROSNARQ (AYSTI IyR &2 @K

optimizing designs.
Section 1: Fashion and Fame

SociaNetworking Platform#ére Memes

G/ 2yGSyié Aa gKIFG az2Fd6l NB o6FNRBya OFff SOSNBIOKAY3
social networks often frame the contemporary media landscape as divideglatiorms and content

Facebook, for instance, is a platform, and eveiryghthat is shared on Facebook is content. According to

this scheme,social network platforms are infrastructure, or even utilities, while everything else is
relegated to the altonsuming category of contef#30], [131fp L ¥ ¢S | OOSLIi GKS az2¥idg
then human activity is suddenly divided into these two stark categories. Thespaianetwork platform

makers, who reign over the means of communication, and there are content creators, who struggle to

achieve sufficient notoriety to stand out amidst endless waves of competing signals.

The term platform can be a bit confusing, because it means differentghimglifferent disciplines. In
economics, platforms are markets where buyers and sellers coordinate trade, whereas in engineering,

platforms are modular technological architectures that can be recombined for new applicfi@isIn
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consumer software, networks are called platforms for speech at some times, and platforms for the
standardized presentation of informaticat others[133], [134] The term platform has been adopted by
the software industry for at least two reasons. First, its ambiguous definition provides sufficient
malleability to adapt tohe changing role networks have both in our lives and in the market. Second, and
perhaps more critically, content distribution platforms have so far been exempt from legal liability for the
content that third parties publish through their servidé85]. In contrast to a book publisher, for instance,
YouTube and Google have not been liable for the imedey list, so long as they comply with legally

binding takedown requests.

Contrary to the worldview proposed by the software elisgcial networking platformsare actually
content, too. Social éiworks are not simply utilities or mere pipes through which media objects flow.
Social etworks themselves are subject to the whims of public attention, just like the content from which
software makers so often try to distance themselves. Despite theit b#orts to suggest thasocial
networks platforms are completely different to content, | will argue thadcialnetwork platformsare
memes in the ways that they become known, grow popular, and decline. The neplatfiorm is itself a

meme in the ming of prospective and active users.

Booting am sustaining successful network platforid&S [j dzA NBa ONBF G2N& (G2 Sy 3l 3§
interest, much like in the world of fashion. To grow from nothing to #argn viability, networks must

employ the vey same dynamics that popular social content does. Some networks, like Instagram, follow

the lead of luxury fashion and goods when they promise active participants a chance to flaunt their
lifestyles in public. Others, like Raya and Clubhouse, sell edif@sivity through inviteonly schemes

[136], [137] Meanwhile, networks like Kuaish@imply pay users to watch and post videassurefire

strategy to draw public interest, at leagt38]. Let us consider a couple of examples of how networks
participate in trends to kick offiral growth, and how networks can just as easily be supplanted by more

aggressively fashionable upstarts.

Musically, the network that would later become TikTok, was not always so popular. In 2€bdnders

Alex Zhu and Luyu Yang realized that Cichedr, shortform video education platform, had failed to gain
traction. According to company legend, Zhu decided to pivot from education to entertainment while
taking the Caltrain between San Francisco and Palg23®), [140] On the train, Zhu observed a group

of teenagers making videos together on their phones. While one person performed, another recorded,
and another found a song for the soundtrack. Zhu realized that if they could createshapp to facilitate

collaborative music video making, they might just have a hit. The team reworked the project and
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relaunched it in August 2014 as Musically, an app for making music videos with friends. The new app

attracted users, but it was not anstant success.

Musically achieved viral growth when it focused on lip syncing, then multiplied this advantage by
FYLX AF@AYy3I ANRgAYy3d YSYSa (G2 GKS ¢gK2fS | LIIQa dza SNJ
that app installs were spiking on Tisday night§140]. They dug into the numbers and determined that

the weekly influx of new users corresponded to the airing of a US primetime television show called Lip
{eyO .l GGtSd adzarAlltfe KIR 0SSy f dzOjoktldeir ApSordi ST Y K
listing, and the new users had downloaded it by search result ranking chance. With this information in
hand, the team zeroed in on the lip syncing esse and updated their branding and features to match.

To further increase user contegeneration, Musically developed featured hashtags called challenges,

which encouraged users to lip sync a particular song or dance to a given audio track. The app prompted
users with push notifications about new challenges, which created popular merttés thie community

FYR AYONBIFIaSR (GKS L& aGdA01AySaad ¢KS Yz2@gSa G2
began to grow rapidly among American teenagers. Within two months Musically was the number one

most downloaded app in the App Store.

For Musically, combining the right technologies was not enough; to break through and create a viable
YySGig2N]l T GKS LINPRdzOG GSI'Y KIR (G2 F20dza 2y | L2 Lz
founders struggled to find a product that clicked wih audience. The technologies they chose were

primed for success. Short videos, quick editing, and social sharing were all correct bets, but these
ingredients were not enough to kick start a network when pitched as an education streaming app, nor as
agendNJ f LJzN1J2aS YdzAaAO GARS2 LI GF2NXVP ¢KS ¥F2dzy RSNE
specific niche to build a positive feedback loop that yielded content generation and increasing user
adoption. Once they had nailed this formula, it was possiblegrow and eventually expand into

neighbouring categories.

Almost two decades earlier, Hotmail achieved a similar growth trajectory with its pioneering approach,

which was later dubbediral marketing Sabeer Bhatia and Jack Smith founded Hotmail in.1P8€ed

with firewalls that blocked them from connecting to their personal emails at work, Bhatia and Smith came

up with the idea to create a free wdllased email client the first of its kind which would allow them

to access their emails from any browg&d1, pp. 1420]. To growthe service, Smith added a line at the
o20G2Y 2F SOSNE SYIFAf areéay3da aG¢KAa YSaal3as KbFa

K2 (Yl A[l4® Q.22 Each email sent with Hotmail was also simultaneously an advertisement for the
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service. As more users joined, more ads were dispatched to tlosest friends, and the network grew
exponentiallyf142]. This simple tagline spawned the field of viral marketing. Without spending any money

on traditional advertising, Hotmail grew from zero to 12 million users in a year and & half.

Despiteearlysuccés> | 20 YF Af Qad FIFAfdz2NBE (G2 RSfAGBSNI adzaidl AySR
its position as the fashionable market leader only five years later. Google employee Paul Buchheit began
work on Gmail in August 20014 3]. Googlers at the time were inundated by email, years before a similar
torrent would come to affect white collar workers outside of the technology industry. Buchheit, who had
previously led the development of Google Groups, started by borrowing the fast search technology
developed for his prior projedtl43]. With powerful search in hand, it became obvious that one would
want to store an archive of emails, rather than deleting them or only storingntleeally on the client.

This led Buchheit and the engineers that joined the team to grant users an unprecedented 1GB of storage,
so that they would never have to delete an email. This was 500 times as much storage as Hotmail provided
[144, p. 153]In addition to superior search and storage space, the thidifanal functional innovation in

Gmail was its interface, which was written in JavaScript. As opposed to Hotmail and its contemporaries,
which boasted pure HTML interfaces that reloaded the entire page with every click, Gmail was built with
cutting-edge Aynchronous Javascript and XML (AJAX) techniques, which allowed the page to feel and
respond more like a native application than a clunky webpddg&]. In addition to all these technical
innovations, one final twist to early Gmail was perhaps most instrumental to creating buzz around the

product.

Google released Gmail to the public on April 1, 2004 under an iomitesystem designed initially to limi

traffic to their unfinished service. According to people who worked on the project, Google rushed to finish
Gmail so it could be announced on Apfilla 2y S 2F GKSANI I yydzZ f ! LINAf C22
the Google team had to make due witinderpowered servers. At launch, Google hosted Gmail on three

hundred outdated Pentium Il computers that could not handle too many Jd€i®. The tam invited

1000 influential people in technology and journalism to join the service, and granted each of them a
limited number of Gmail invitations so that they could fix any uncaught bugs and scale the servers to
match controlled user demanfil44, p. 154] The invitation scheme and oddly timed announcement

spurred intrigue and confusion among journalists and the public alike. The service also faced a privacy

backlash over plans to scan emails for advertising purposes and to retain emails inddfidifglyn the

56 Impressive numbers at the time.
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longterm, Gmail weathered the privacy storm, but the combined press attention it and the limited invites
OFdzaSR 2yfeé AYONBIFaSR GKS LlJzmfA0Qada RSAANB F2N I O
invites fetched as much as $200 on EHRay¢6]. Together, these intentional and unintentional PR
maneuvers generated huge excitement amrgbid user growth. Gmail dropped its invitation scheme and

opened sigrups to the public in February 20QI43]. It took six more years for Gmailtosdk &a |1 2 G Yl A€ ¢
user base, but it had already eclipsed Hotmail in terms of c§thé]. By October 2018, Gmail had

accumulated 1.5 billion users, making it the shpopular email service in the wor]#l48].

In practice, networks are not just raw technologies, they are fashion objects subject to the whims of the
F dZRASYy OSo® wdzad fA1S YSYSaszs ySig2Nla 0S0O2YS LJ2 Lz |
perception of them as compared to compeiis and the broader experiential landscape. Despite all the
propaganda work the emissaries of current networks do in the press, the networks of today are not
immovable utilities. Like the content in which they traffic, networks are themselves vulneraltie to
opinions and behavior of their participants. To prospective and active participants, netareksemes.

How one relates to a network depends on how one believes others perceive it, and how one perceives it
oneself. Its name, logo, interface, and &etiusers are all represented symbolically in the minds of the
people, just like any concept or meme. A network can be the cool new kid on the block (e.g., Snapchat
circa 2012), a place clogged with relatives (Facebook) or overrun with marketers (Linkadindf these
aspects of public perception affect uptake and the behavior of those online. It is to be expected that

dominant players will contend that they exist outside of the race for attention.

Memes are Networks

If networks are systems of interconcted nodes or interconnected groups of people, then perhaps

memes are networks, to¢l49]. Today, memes are often associated with internet images and short
GARS2az odzi GKS GSN¥Q& 2 NR I[AS0)AmeneSsd asharedcoricépt, be  dzy A
it an internet joke, a melody, or a belief. Memes are inherently sociahiee they exist in multiple minds

at once, and they travel and propagate through communication. Memes also create networks, because

they provide the shared context that structures new interaction. If | arrive at a party of strangers and

loudly mention Jo&Rogan, the ears of those people within earshot are bound to perk up. Whether others

react positively or negatively, awareness of the meme creates new opportunities for communication.
Shared concepts like notable people, events, and news are loci fol sogreection. By dint of their innate

sociality, it is clear that memes form networks, too.
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In the early twentieth century, long before the internet emerged, entertainment, business, and fashion
RAAO2OSNBR GKIFG OSt SoNR G & ntisnlaad affeét SeirldigichdIrhi BistoR/INI ¢ LJ
2F OStSoNRGEsT YFEN] SGAy3aAs FyR FlLakKiazy Ay (KS (sSyi
aKIFNBR Odzf Gdz2NBE F FFSO0Ga oO0SKIGA2N® Ly UGKA& aSO0GAz2y
hegemonic software networks are just thatést in a lineage of attentiograbbing fashion phenomena.

The origins of fame and influence show how prior network authors schemed to create and capture the

value of human attention. The history of attention manigiihn is instructive to network makers today,

because network are memes and memes are networks.

The history of modern celebrity began with the invention of film stars in the early twentieth century.
Motion picture film technology was invented in 1888gddor the first 22 years of cinema history, being a
movie actor did not imply celebrity. At first, people in movies were small figures on the screen, the details
of which were difficult to discerfil51]. Film celebrities in this early period were people who had already
achieved fame in other parts of life during the nineteenth century. Early movies offered a chance to see
these people in motion, but cinema disdinyet create its own new stars. Famed French theatre actor
Sarah Bernhardt, cowboy showman Buffalo Bill, and escape artist Harry Houdini transitioned to film roles,
but their fame was decidedly preinema, according to film scholar Clive Jani&@8§1]. In its infancy,
filmmaking was unexplored territory that required new storytelling techniques. It took a full decade after
the invention of motion pictures forlfnmakers to invent the modern cut, where action continues from
one shotinto anothefl52]® LG 61 ay Ql dzy G At (indgpartard Semetdof dnenta®ecNI G K I {

language would be invented.

The closeup was invented in 1900, and it changed fame forever. A film naBraddma's Reading Glass

introduced the world to the cinematic closizlLJ>s ¢ KA OK Y RS I OG 2[NeBlaAntiel OSa
FoaSyO0S 2F NBO2NRSR FdzZRA2I ¢ KAOK @gupsimaie gilonifiméS | OK Y
relatable and immersive. Closps transformed cinema from a medium whose output looked like

recorded theatre productions into the modern emotional medium we know today. On the silver screen,

a closeup of an actor was larger than lif@51]. ZoomedA y aK2da 2F | OG2NBRQ FI O0Sa
to romanticize the narratives and the actors, too. Although this made actors into heartthrobs argshero

those who were not already famous remained unnamed in the credits. Florence Lawrence, for instance,

I OGSR Ay pn Y2O0AS&a F2NI 502 d DNATFTFAGKQA [154f Rl LK / 2
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In 1910, Carl Laemmle invented modern Hollywood celebrity. Laemmle recognized that actors drew

I dZRASy O0Sa (2 GKS (KSI{iNB’azs FyR GKIFIG GKSNBsgla |
AYFlLadzr A2y d [FSYYES fdzZNER Cf2NByOS [FogNByOS gl
promises of better pay and marquee billing for her filfhS5, p. 32] He then orchestrated an elaborate

publicity stunt. First, he spread rumuthat Lawrence had died in a streetcar accident. Then, Lammle

I @S AYyUSNWASsa (2 GKS LINBaa ¢oKSNBE KS OfFAYSR GKI
SySYASa 2F (GKS Lat ¢ K254 He Gséd tHel@hsutiatsli de@syartice’ WL y &
Fyy2dzyOS GKFG [FeNByOS gl a Ay FrFOG adGFNNAYy3I Ay |y
fANBRG Y2@0AS adlFrNI g-a 002aGSR o6& FR2NAYy3I Flyada gK2
producer, who would eventually found Universal Pictures, was good to his word. He made Lawrence the

first Hollywood celebrity and increased her pay from $25$%00 per week154].

Ct2NByOS [ sNByOSQa OStSoNAi(Ge araylftSR (GKeeoSIAYyY
designed crospromote movies and increase revenues. Gone were the days of unnamed movie actors.

As of 1910, movie studios recognized that audiences were drawn to the movie theatre by their interest in
specific actors. Following Laemmle, other studistered their own movie stars to create obsessive fan
followings for famous actors. The studios agreed to pay these actors much larger salaries in exchange for
exclusivity arrangements which barred the actors from working with other studios without pgiomis

from their primary employefl51]® ! Yy RSNJ G KS adl N aeaidisSyz addzRAz2za |2
and publicity; they produced backstories, romigntelationships, and glamorous private lives for the

actors to increase their audience appeal.

The star system made it possible to connect disparate intellectual property through a web of familiar

faces. Developments in film language, including the elgsend continuity between takes, made it

natural for audiences to form irrational emotional relationships to the projected imfgygs]. Clever

Hollywood busgiessmen used this spontaneous and irresistible passion to build oligopolistic control of the

most advanced media technology at the time. Like hypermedia today, celebrity faces and the emotional
connection they cast upon their audiences played a netwidekrole in attracting attention. In the second

decade of the twentieth century, the invention of movie celebrity demonstrated that popular images and
ARSIAS fA1S GKS NBRYFLYGAO AO2ya 2F GKFG SNIQa O\

behaviaur.

In the 1930s, Edward Bernays drew upon Freudian psychoanalysis to create advertising campaigns that
dza SR LIS2LJ) SQa SY2GA2ya (G2 RNAGS OKFy3aSa Ay O2yadzy
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to New York with his family as a teenager. He viresrtephew of psychoanalysis pioneer Sigmund Freud.
5dz2NAYy3 GKS CANEBRG 22NIR 2INE .SNyrea KStLSR LINELI 3
KdzYlF yAGe FTNRBY 61N FyR aVYl {[151] ifleSthe gvarNils Bncléi FrefidSsert 2 NJ R S
Bernays a copy of hi&eneral Introduction to PsychoanalysiBhe book, alongside his wartime
experiences, convinced Bernays to apply the skills he had leashadoeopagandist during peacetime.
Propaganda had acquired a negative connotation during the war, so Bernays created an organization
called The Council on Public Relatiorise first time the phraseublic relationsvas used and set to

work applying his sks to business problenid51].

.SNYylFeéa dzaSR KAa (y2e¢ftSR3IS 2F LBAeOK2FIylfeara |yR
unconscious desires witinass produced consumer goods. In the late 1920s, the president of the
American Tobacco Corporation asked Bernays if he could find a way to break the taboo against women
smoking in public, so that he could double the total addressable market for cigafétiéy Bernays

consulted a respected psychoanalyst named Abraham Arden Bril, who told him that, to women, cigarettes
represented male sexual power. To get wamto smoke cigarettes, he would have to associate smoking

with resisting male domination. Bernays staged his most celebrated public relations stunt at the 1929
Easter Day Parade in New York City. He convinced a group of debutantes to smuggle cigtarettes in

parade under their clothes. Bernays leaked a rumour to the press that a group of suffragettes was planning

G2 adlr3asS I LINRGISadG 4G GKS LS ARMs marg, thé yoghé Womghd & G 2 N
took out their cigarettes and lit them simultaneously. The photojournalists eagerly took pictures that ran

AY yS6aLIl LISNE | NRdzyR GKS O2dzyiNE (KS ySESERRYE dzyF
[151]. Bernays had successfully associated the irresistible symbol of young women smoking with a political
LRAAGAZY 2F 62YSyQa he ploySvdd ai sugess and/ iRbecarNdSriore 2s0cidlly ¢

acceptable for women to smoke in public thereafter.

Bernays taught American businesses that people make buying decisions based on emotions, not facts.
When he created public relations, most marketing gmaducts on the basis of factual information. Until

the propagandistic innovation in the late 1920s, marketing appealed to potential customers as if they

were rational agents making decisions informed mostly by the objective ptiepeof one or another

productd . SN¥y I &a aKz2sSR GKIGE G2 YF1S F &alftS8s + YIN]S
and desires instead. People are more likely to respond, Bernays proved, to products whose framing
corresponds to their fears and dreams, than to prodigmifl solely upon their physical merits. Smoking,
T2NIAYaldlIyOSs O2yiNAROGdzZiSR y20KAY3 YFGSNRFE (G2 62Y¢
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product with personal freedom, but the symbolic association he created overpowered such legic. O
GAYSET T ROSNIAASNE 3INBg Y2NB a2LKAaGAO0FGSR FyR S
dzy O2yaOA2dza RSAANBAaZE o0dzi faz2 G2 Ayadaltt ySg FSI|
categories. Of course, consuming marketed prodeets never really make a person satisfied, because

such a person will always be vulnerable to the next image of their own lacking satisfaction.

In the middletwentieth century, fashion editor Diana Vreeland used artistic production to transform

fashion inAmerica into a genre of mythical storytelling. Vreeland was famous for her quick wit and unique
perspective. She began her career as a columnistlatN1JS NXi@1936H56) F NS NJ 02t dzYy &2 Ké
,2dzX¢é OFdAKG NBFRSNEQ FGGSyldAz2y gAGK AdGa SOOSY i NR
@2dzNJ 0f 2y R OKAf RUA KIF AN Ay [BB p.R2]HeKwritihgtodgy&davitht & G K S
perfect clarity the fanciful way she thought and spoke every day. Vréaacelled at painting pictures of

exceptional ways of living, and she was happy to bend the truth to give the reader something they could

not get at home[158]. In the words of model and collaborator Veruschka von Lehndorff, Vreeland

0St ASOSR aR2y Ui GStt | ad2NBzZ S@S8YShk Was Ardnmbtad tai NHzS =
magazine fashion editor one year after she started writing her column, and she remained in that position

until 1962 when she became editor in chieMadgue[156].

Vreeland believed that fashion magazines could do more than just peddle clothes, they could create rich
worlds full of passion and romance. When she took charge of Vogue in 1962, she reinvented the stodgy
society magazine as a falbus romp through the lives of artists and musicians, and the voyages of
beautiful models to exotic locald459]. Richard Aveah described her editorial direction as anecdotal,

NI §KSNJ GKIy SELXAOAG® hy | akKz22id Ay 938Lliz +NBSt |
GKS&4S LAOGdAINBaszr 2dzaid GKAY1l |o62dzi /fS2LF NI & ¢KAY
everybodyisooldz | YR aKS Q& 2dpsfld L {OR ¥ e dikdNBaNmR TR d o1 & 2
he reflected[158]. Vreeland often describedeh approach to magazine photography and layout with the

LIKNF &S adKS SesS Kra 2 (N} @St oéeé {KS dzaSR 02f 2NE
story and make the subject leap off the page. It was only natural that larger than life aciold enhance

the luxury of haute couture, and that stunning models would become memorable celebrities, in turn.

Vreeland glamourized American fashion by making celebrities into models and models into celebrities.
Vreeland perceived earlier than most theelebrity and fashion were on an inevitable collision course.
The fantasy lives of movie stars were made of the same stuff as the dreamlike fashion stories her team

produced all over the world. She embraced the sixties obsession with human persondlég@uraged
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mannequins became personalities in the sixties, personalities became mannequins. Ravishing
personalited NB (G KS Y2ald NAGSGAy3d GKAy3aa Ay (GKS 62NIRP |
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selling clothes, her magazines spun fantastic tales through images and words that carried the readers into

new states of mind and interest.

Throughout the twentieth century, fame, fashion, and the unconscious were repeatedly exploited to make
new ideas easier to digest. In the 1910s, Carl Laemmle capitalized upon heartthrob actors to draw
audiences from one movie to the next. The star systhat he created is a testament to the network
properties of celebrity followings, and their powerful halo eff¢t60].°>” One decade later, Edward
Bernays fashioned new memes to drive consumer behaviour into uncharted territory. The undeniable
social impact of public relations proves that new ideas can shape how people relate to themaeties,
one another. After the Second World War, Diana Vreeland turned fashion into a fanciful escapade where
celebrity personality became a hub for human attention and behaviour moddhng.in part to their
network-likeness, public relations campaigns aradebrity endorsement became means for making new
trends in consumer goods and lifestyle appear to be the inevitable direction of modedm &t of these
SEFYLX Sa> 6KIi{ ¢62df R y2¢6 0SS OFfftSR a02yiSyiéé g1 a
Far from outdated, memetic genres like fashion and celebrity remain powerful networks for driving new

human behaviour today.

In the late 2000s, American talent manager Troy Carter realized that popular music stars are a kind of
network. Carter is perhaps best known as the person who discovered and managed Lady Gaga during the

first seven years of her career. Still reeling frokn Ay G SNy SiQa STFFSOGa 2y GK:
recognized that the business model for large music acts would have to shift from one centered around
supply constrained physical media sales, to one that embraced infinite supply digital streams. th a 201
AYGSNIBASGS /I NISN) SELX FAYSR GKFG AyadSrR 2F asStfa
topof music 6 SOl dza S YdzaA O 4SS NBI  A[L6F)RDB2] E8tér boservBdABINE ( KA y
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another product from the same brand.
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emotionally resonant artists and entertainease a platformfor promoting parallel products. Gaga is a
multimedia performance artist whose powerful brand could be channeled into much more lucrative
endeavors than insisting on the legacy business selling songs and albums. As her manager, Carter
organized brandpaff SNE KA LJA | YR @Sy Gdz2NBa (G2 O2yOSNI KA& Of A
and money. Gaga created her own social network, called LittleMonsters.com, and made partnerships and
co-branded products with Polaroid, Virgin Mobile, MAC Cosmetics, aatsBg Dr. Dr¢163]. Through

encounters with Carter and the music industry machine, Gagadekto play network capitalism like an

instrument, and how to become a network platform herself.

PAAY3 LRL) adGFENR2Y FyR OStSoNRGE & | LXFGF2NY A&
performer into a platform for products and experierscés reminiscent of the Hollywood star system

discussed above. In recent years, music labels and concert promoters have adopted th€aBaga

Y2RSE F2NJ 20KSNJ I NIl A &0 & [164)V IR a 360 d8&, th® latielfoiSoPomdteii givé KS & o
the artist larger sums of money and marketing support up front, in exchange for a pageenf their

brand partnerships and merchandise sales. These deals not only recall early Hollywood, where actors
would be paid handsomely in exchange for complete control of their lives, but also modern internet
networks. Like Carter, internet network pla2 N Y I { SN& Ay Of dzZRAy 3 bl LA GSNRA
Mark Zuckerberg recognized long ago that media (a.k.a. content) is just bits. Instead of attempting to
charge for access to content that can be infinitely reproduced for no marginal cost, platfakers know

GKFG GKS ySie2N] Aad 6KSNB @I tdzS I OONHzSa | yR OlFy 0
of users are two networks that cannot be replicated.

Celebrity, memes, and fashion are three aspects of the same phenomenon. Each attkdien,

influences behaviour, and provides shared context that facilitates communication. In the examples we

have seen, clever people realized that they could turn ideas into social movements by suggesting to their
audience that the product they weresling wasalready representative of a movement of which the

audience would surely want to be a part. Memes like these have the power to shape our impression of

what is normal, and what we should expect of life.

For network makers, it is important to regnize that networks are memes and memes are networks.
Memes are socially expedient fragments of ideas that stand to change the way people behave and see
the world. Rather than create more generic utilities with little chance of success, network makeds woul
be wise to create niche memetic objects that correspond to the things that people care about, before

expanding into wider useases. By focusing on the networks that spontaneously form between people
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interested in the same subjects, new networks andfpliahs may find the spark that separates them from

the pack to become something truly special.

Section 2: Attention Optimizing Design

In this section | will argue that network organisms that survive by capturing attention are structurally
required to pratice attention optimizing designl will show that both advertisingased networks, like
Facebook, and fepay networks like Netflix, are structurally incentivized to maximize user engagement.

| contend that attention is a more important paradigm fortwerk designers to understand than the
aesthetic regimes (skeuomorphism, flat design, verbal input, etc.) traditionally associated with user
interface and user experience (Ul/UX) design. This section will culminate with some remarks on how the
rise of datadriven attention optimization has transformed software interfaces into liviegttime

attention simulations, where user focus is bought and sold every time the user scrolls and content loads.

Is Attention the New QOil?

C2NJ 8SIFNEX GKSGOKSY$SaKpht aRKES& A BIS&IlinRechnotogyyadda i LIS 2
politics. The pithy metaphor contends that the various forms of data we generate through our activities

are a valuable resource like petroleutm 1997, Michael H. Goldhaber coined thelplir S & GG Sy G A 2
SO2y2Yeéé¢ 6iXSRIaAPRKR OGS SO2y2YeQa aKATG shtértigh[IEBBNR Y Y I
More recently, thed R G & 2Af ¢ YSYS 3IFAYSR Y2YSylddzy & GKS
and others came to the attention of mainstream media outlets during the early 2010s. Tétgsdonding
O2AYOARSR gAlGK GKS NRAS 2F aRFGlF &a0ASyO0OS¢ IyR Yl
internet business models. The subsequent discovery and invention of new data and compute intensive

machine learning techniques in 2012 drowe tperceived value of data to new heights.

The countermeme, that data is not the new oil, has also been argued in numerous publications. The
counterargument states that the metaphor is inappropriate because data is unlike oil in mos{l&®}s

Data is not a limited resource, but an unlimitegproductof all measurable activitji 67]. The ability to

collect data is not universal, but data itself is not a rare or-remewable resoNOS ® 2 K| § Q&4 Y2NB =
privacy conscious, the absence of data collection is a saleable feature. For these reasons, it is not clear

that comparisons to welknown commodities helps clarify the emerging significance of data.

Instead of data, | would rar compare attention to oil, in so far as it can be extracted, processed, and

sold for profit.
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In the following pages | will lay out an argument that both advertising and paid services fall under the
umbrella category adittention optimizing network orgaems.This class of network organism is inherently
incentivized to refine crude attention into a saleable form. In the course of this attention processing, these
internet lifeforms financialize attention and transform consumer network software desigraiptactice

of reaktime attention simulation. | believe this category of design activity is wttiscussed and must be

a key concern of future network makers.

Advertisingbased networks

Social media platforms are advertisibgsed network organisn®™ They subsist on advertising revenues.

/I 2YLI yASa tA1S Cr0So6221 FyR D223fS YI1S Y2ySe o0&
companies provide free services in exchange for vast amounts of user data. They use this data to develop
detailed profies of people, their tastes, and how they respond to stimuli. Rather than sell this information
outright, these companies most often sell advertisers the attention of people with certain intersecting

traits, in the form of display advertisingInstead ofselling data, these orgdsms sell access to attention.

Advertisingbased network organisms make money when their users spend time looking at
advertisements. The more time a person spends on Instagram, the more opportunities Facebook has to

sell advertisig slots. For this reason, these ad organisms are incentivized to keep users looking at their
properties as much as possible. The frequency and amount of time a person spends using a service are

two measures ofiser engagementEngagement, however, is aXible word. It can be used to describe

the measurement of any behavior network makers wish to optimize.

bSig2N] 2NHlIyAavYa (KFId &ddzoaraid 2y FROSNIAaAYy3dI NBOG
representing a 24 hour d& The larger the share of the pie that a person spends on a Facebook property,

the more revenue the company is able to generate. It behoves adveHisisgd networks to have the

8 This is true of the most popular social media and free internet service providers today, like Facebook and
Google, but it ould, of course, change in the future. There is nothing intrinsic to social media or communications
services like Instagram and Gmail thequiresthat they be advertising supported, but they have tended to
manifest as such because it is easier to builarge network by giving the product away for free. For now, no one
has figured out how to have a multibillion person interggt social platform without datadarvesting and

advertising.

59 This data is also used to improve the efficacy of first partgpets, like recommendation algorithms,

newsfeeds, and search results, to increase user retention and engagement.

80 Of course, these sophisticated attentidNA Sy 4§ SR O2Y LI yAS& SYLX 28 Ylye | ylf2:
time, not just pie chartsThis rgoresentation is only a caricature, as activities often overlap. For instance, Netflix
and Facebook, Driving and Listening to Podcasts, or Using Bathroom and Texting are all common overlapping
engagement activities.
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largest possible number of eyeballs trained on their products and services fimuch time as possible

per day.

User Engagement (24 hours)

Sleep
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17%
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A <

YouTube ‘ > Verbal
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etlix Facebook Messaging
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Figure27Hypothetical representation of a user's average daily engagement

Advertising is an attentioextractive business, in which the limited resource of crude attention is
collected, refinel, and sold for a profitAdvertisingbased networks like Facebook and Google capture and
process crude attention intoefined, finegrained audience demographic segmenthiey do this in a

multistage process.

First, the advertisindpased networks capturbillions of attentiorhours per day with entertaining and
useful free services. This attention generates engagement data, suthespent, clicks, likes, follows,
subscriptions, purchases, friends, age, gender, race, geolocation, camera data, healtietdaThe
networks collect and marry this information to data purchased from data providers, such as purchase

history, salary, criminal and government recofds.

Next, the combined engagement and offline behavioral data must be processed. Computatons a
performed upon the datdo transformundifferentiated user attention into segments according to target

attributes, like gender, leisure habits, and political affiliation. This refined form of attention is much more
valuable than undifferentiated atter®iy > 06 SOl dzaS A G | ff264 F ROSNIA&SN]

behavior to target their messaging at people exhibiting very specific intersecting traits. Sometimes,

81 Facebook is known to collect data natlp through its own properties, and other digital services that integrate
Facebook applications such as the Like button, but also sources of financial and other offline data, which they
purchase from unscrupulous data brokers. Google, too, has madeatdelfo monitor behaviors beyond Google
owned properties with projects like Google Analytics, which offers website administrators free analytics tools in
exchange for information about their site visitdft8]¢[171].
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attention providers even sell access to target audiences protected bydeatimination lav. In 2016,
Facebook was caught allowing landlords, employers, and financial services firms to target their ads based

on race and genddfl72]. Situations like this reveal the discriminatory essenceldéejeted advertising.

Now that the users are grouped by figeained targetable demographic data, their attention is ready to

be sold to advertising bidders in an attention auction. To participate in an attention auction, advertisers
join an advertisinghetwork such as Facebook Ads, create an ad campaign composed of one or many
advertisements, select one or more target audiences, set a daily budget and buying strategy, and upload
their advertising content. Audiences can be targeted based on interest, geapbics, or behaviors.
Advertisers can also use programmatic advertising software to create ads and target audiences

automatically based on their own data.

'R ySig2N1a fA1S aimOdddirg2nechahisns whicli sictatels adieRising spms

the page loads for the user. In a reéghe bidding ad auction, as the Facebook user, for instance, scrolls

an advertising spot into view, an auction between interested advertisers takes place in only a fraction of
asecond173]® Ly GKAAa ONARSTF AyGaSNIBIft I CliseSnlde dcceasto R b S
GKS dzaSNna FdaSydAazyd a9l OK G4AYS GKSNBYa Fy 2LILI2 N
to determine which ad to show to that person. Billions of auctions take place every day across the

Cl 0S06221 T | YWX4). éccogdihg tb Edic&#bdok, the ad network takes three factors into
considerdion when deciding which bidder wins the auction. Of all the advertiser audiences into which a

given user belongs, 1) who has bid the greatest amount of money, 2) which ad does Facebook predict is

most likely to elicit user interaction (i.e., link clicktlugh), and 3) which ad does Facebook rate as the

highest quality, based on user feedback and automated visual inspection.

Together, ad networks and retime bidding constitute a platform for the high speed allocation of
attention. To create a clean wdllinctioning marketplace, both seller and buyer communicate through
clear symbolic systems. The advertisbased network makes available its refined user attention in the
form of segmented audiences. The advertisers translate their desire for accessrtatigsdion into a

dollar value. Even the aesthetics of the ads are evaluated, quantified, and compared. With all ambiguities
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sorted, the internetspeed marketplace is able to assess and allocate attention for each user every time

an ad slot is presente@.

Each time you or | are presented an ad online, or for that matter any piece of algorithmically selected
content, an attention simulation runs on a server somewhere not too far away. In a few milliseconds, the
simulation uses sorted and cleaned informatimled from our prior behavior and those of our behavioral

neighbors to estimate what content is most likely to keep us engaged. Access to our attention is
financialized and sold to the highest bidder. There is nothing new about this techmaiiolggs bea in

use for over a decade. The urgent point to be made here is that this simulation medium is the nature of
Cr0S06221Qa SYLANB: y2i GKS 1SNYyiAy3a 2F Ada t232 2NJ

in motion, is the crucial design upavhich advertisingpriented attention optimizing networks are built.

This attentionorientation is not, however, reserved exclusively for advertidiaged businesses. Paid
services, like premium entertainment and news, also engage in attention allocatiotations. Although

these organisms collect revenues differently, they remain engaged in similar design patterns.

Paywalled networks

Recently, a handful of premium internet services companies have adopted a marketing pitch that
positions them as an antide to the political polarization with which social media has become
synonymous. This growing crop of companies market themselves to the public as a safe, healthy
alternative to the insidious social media. Netflix, Disney+, and Apple News+ all presemtrtitkicts as

editorially curated alternatives to the depressing frieg-alls of social media. These unsavory
GRSY2ON} GAT SR YSRAFXT S INB G2fRX | NB RIy3ISNERddza
NEBaLRyaArofS FT2N ¢KI (A YAS/NEI KKSNBR €2 ALIAGLOIKISRO aw 2!13LSINJ {
RdzZNAYy 3 (GKS 1 dzyOK 2F GKSANI LI AR &adzo6 aONRLIGAZY ! LIL3X
ONJ T &[176]F Y R €

However Netflix and its ilk all pretice the very same attention optimizing design as advertisifignted

networks.

Netflix uses its viewership data to make content licencing and production financing de§isi6jg$178].

Netflix collects viewer location, time of viewing, search queries, duration of viewing session, menu

52 While | have described this process using display advertising, the same could easily be apliid ads in
podcasts, or aget uninvented ad formats.
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browsing behavior, and a list of other Netfiapable devices on the local netwdik79]. Netflix even

keeps track of what happened in the show or movie just before a user disconnects from the service. The
company correlates user behavior with otheatd it is able to capture from its own content, such as
screenshots, changes in volume, and dominant color, and presumably details of the scriptsordem

events that machine learning may be able to defd&0]. Netflix Originals, its content creation business,

uses this information to select whichquuctions to finance. With this information in hand, the company

Ad oftS G2 FAYFYOS LINRBRdAOGAZ2YEA G GKS AyGseaNBESOUA 2
properties for each audience that the company wishes to taf@&6], [177] They can also use this
information when promoting the productions, both on their own site and apps, and when marketing on

social and traditional media, tdda77].

Although Netflix is a paid service, it too engages in attention optimizing design by necessity. If Netflix fails

to deliverthe stickiest, most addicting entertainment experiences to its audience, then its growth will

LX I G§SFdz FyR NBOSRS® !'a Fylftead alddkKSg . Ittt KFIa ¢
of the fourand-a-half hours per day that the averagan&rican spends watching televisi¢t81]. The

highly competitive entertainment environment online demands that Netflix use its information to license

and produce content that keeps its customers coming back and defaulting to Netflix as their video
entertainment provider be that for movie night or just bagkound noise while doing other activities.

bSGFt AEQa Of SOSNI O2yiSyid NBtSIasS GFO0GAdOa 2FGSy &dz
to subscribe and stay subscribed. In the wake of a particularly popular Netflix release, it is common for
¢CoAGGSNE ClF O0S6221= YR 2FFEAYS 461 1SND22f SNB (G2 0 d:
AL N] 22@&3Z¢ Y indidh NhtdhiaRingt KJB RNEaroRBAskifsaand the dystopian antics

of Black Mirrorencourage viewers to sharasider jokes on and offlin82]¢[185]. Of course, Netflix is

in noway the first paid service or product whose purchase people flaunt through insider language, but its

tactics for spurring online conversation make it particularly notable. Releasing the whole of a season of
television on the same day, for instance,endo@ S & LIJS2LX S (G2 daoAy3IS 461 GOKeé
makes them more inclined to excitedly share their experience with fellow viewers. During the cultural
Y2YSyid 2F SEOAGSYSyld T¥F2tt 2donteitdhatlviewed €ab tolsficlislyp S G Ft A E
consume on social media. To be in on the joke and participate in the collectivegbesse memetic

frenzy, one must become a subscriber and watch the series at the same time as everyone else. This urge

to participate is augmented by the evpresenti KNB I § 2F &L Af SNBRX yR (GKS O2
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Like the paywall, spoilergintroduce the scarcity of the unspoiitst viewing to the otherwise infinitely

available streaming environment.

Paid services like Netflix should be grouped together with their advertmilegited siblings as
practitioners of engagement optimizing design. Just like Facebook, Netflix ihiagtsmied interface to

the spoils of refined user data. User engagement generates data which the platform collects, processes,
and refines into either saleable ad space or addictive entertainmvetlix, like Facebook, is an interface

to an organism a ollective of individual laborers and processesorking to hold our attentionThe

main difference between Facebook and Netflix is that Facebook retains user attention by curating which
items of user generated contemd showto a user, while Netflix commgfons professionals to generate
content, which it serves in much the same wéyis wrong to separate the fguay services from the
advertisingbased services, when in fact both use similar techniques to extract the very same limited
resource from the poplation. For these reasons, | propose that we group all network organisms that are

financially incentivized to maximize attention capture under the umbrelgtehtion optimizing desigf®

Ly GKA& aSOGA2Yy>X L KFE@S FNHdAdZSR GKIG ySGg2N] 2NEIY
schemes. Whether they survive by advertising or paid subscriptions, attention optimizing network
organisms are driven to increase user engagement abats. For creators of new networks and products,

it is important to separate trendy discussions about outward aesthetics from the fundamental design task
involved in birthing a network. To influence what designs are executed for the full lifetime nétherk,

one should focus on the incentive mechanisms embedded in the core of the institution one creates.

83 Surprisingly,asof 202B3mdp G KSNB Aa 2yfeée 2yS SydidNeB Ay D223fSQa {SI
2LAYATAYy3 RSaATIyode ¢KAA 2yS NBadag (i eAGhGobodRBholariitheted & G NR
FNB y2 NBadzZ Ga F2NJ GKS alyYS aSINOK ljdzSNE® ¢KS &aAYAfL | NJ
SAGKSNI aSHNOK SyaAaAySeo ¢KS LIKNI&aS aRSaAdy FacNdlaBy I3+ 3SYSy
sources, but it is employed in a variety of ways that do not specifically concern institutions whose viability depends

upon attention and engagement optimization, which is my main area of int¢t8€{, [187]
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Chapter 4: Making Networks

It has been conceivable for thousands of years that humans might create stories that travel with the bards,
or religions that attract the fealty of whole nations. The tools for creating these movements were,
however, relatively unstructured and unpredictable. While narrative remains essential to launching
networks, newly popularized technologies like the internetlanobile devices have made it significantly
easier to distribute a message, a tool, an interface, and a protocol around the world. From this position,

we may begin to wonder how one goes about making a new network.

Today, network organisms enable and nadi much of human activity. Apple, Google, Facebook,
Wikipedia, Linux, and Bitcoin all play an enormous role in shaping the social, economic, and political
spheres of life. Where did these networks come from? What distinguishes them from the large

corporaions and institutions of earlier times? How will the next networks be born?

Before we can consider how one grows a new network, | must first discuss what makes a network special.

Section 1: Network Effects

Networks are distinguished by a special propetitye network effect. Network effects are a set of theories
GKAOK LIzZNII2 NI GKFG | ySGeg2N]l Qa GFfdzS AyONBIlasSa | a
network 5 The telephone network exhibits a network effect. When a new phone line is adlivtite

network as a whole becomes more valuable to each customer, because all of them can now reach this

new subscriber. Computer evangelists are wont to invoke one of a few theories which assert mathematical
formulae for calculating the relationship bet®ey | ySG@g2N] Qa @It dzS yR GKS

network.

{FNYy2F¥FF¥Qa [ I o

Long before bdirectional networks like the internet were popularized, radio and television magnate
5FPAR {INYy2FF |aaSNISR { I Ny27F7¥FQa tdetwarkionétdmadyk aidl S
increases linearly with the number of connected receivers. This means that the value of the network is
RANBOGE & LINPLRNIAZ2YLFGS (G2 K26 YlIye LIS2LFS INB fAa

54 For brevity, the people or machines on the network can be called nodes.
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obvious enough. Each tena new radio was purchased and tuned in, his broadcasting company gained

one new receiver, which meant at least one new listeffer.

-
'~

o N

oy
-

Broadcaster
Existing receiver
New receiver

| 1
‘s »
. T Existing connection
== New connection

.

o]

Figure28 Sarnoff's law: Each new receiver creates one new connegtiore
aSiortTsQa [ ¢
MRAIAGEE ySGg2N)lazr aSaoOlftFSQa ¢ Aa 2yS 2F GKS Y
asserts that the value of a communications network scales according to the number of connections
between nodes on the network. The crucial insightof Mefc¥ SQa f 1 ¢ A& GKIFIG GKS Yy
a0l tSa YdOK FFradSNI Ay | O2YLIMziSNI ySiig2N] GKIFYy | o
interconnected architecture. When a person buys a radio, the number of connections on the network
increases bynet the radio broadcaster has one new potential listener. Howegwden a new node joins
a computer network, new connections are created between that nodeadirather nodes on the network

If the network has three participants, and a fourth joins, thresv connections are made.

B¢KS 20KSNJ aARS 2F {INy2F¥Qa Sljdzr A2y A& 62NIK O2yaiRs$
as new listeners came online, the value of his broaddesteaseds other radio stations came online. More
NEOSAOPSNA AYyONBIlIasSa (KS o rautingtkendnibs dioinpedng fadiecS@tiodsdzi a2 2
This dynamic is native to broadcast networks, where there is limited radio spectrum and broadcgstisigoriit

similar dynamics have proved to play out in more decentralized, peer to peer networks like the web and the

internet. On the internet, attention has still tended to collect at certain hub nodes, like Facebook and Google.

While the technical infrasucture of the internet puts them on a theoretically even footing with any other peer

node on the network, history shows that advertising2 s SNBER a FNBES¢ aSNBAOSa KI @S |ffs3
significantly more popular than the rest. Once Faceboaag®, and others have achieved a place of dominance,

not unlike the broadcastersinthe otie-Y I y& y Sl ¢g2NJ az G(KAa 2GKSNJ aARS 27F [
LINPYy2dzy OSR® LG Aa Ay ClI0S06221Qa AyiliSNBaidheitenef Aft O2Y
ySig2N] Qa o6SIHfiKd ¢KAA Aa 02NYyS 2dzi o6& g¢ltftSR 3IFNRSY A
Chrome, and Android projects, which seek to maximize engagement and limit competition.
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LY YFGKSYlFGAOFE GSN¥az aSaolrtfFsSQa tlg adlrisSa GKI(
connections, increases proportionally to the square of the number of participants. This is sometimes
abbreviated asb & where Vis equal to value and is equal to the number of nodes in the network.

2 KAES aSdiolrtFSQa ¢ A a? thacdmetiiognila rausttalbodssubtrastReac® NI A 2
y2RSQa 0O2yy iy [188° hAh @& roves the point. A network of three

nodes has three connections:By AC, BC. If we follow the naive simplified equation, th&would sum

to nine connections, howeveb yields the correct answer of three connections.

@ Existing node
(O New node

Existing connection
mm New connection

Figure29 Metcalfe's law: Each new node creates a new connection with every otherdnode——
w20SNI aSGOFtFST FGUGSNI gK2Y GKS aflgé 61 a ylYSREI
network value to sell Ethernet netwarlg cards, which he eimvented in the early 19804.89]. In sales
slideshow presentations, Metcalfe explained to customers that the more network cards they installed,
the greater the return on their investment. At the time, Ethernet was principally used for creating local
areanetworks Yy St ¢g2NJ a 2F | aAy3atsS O2yvyLIlyeéeQa O2YLMzi SNE®
twenty computers, then purchasing only two Ethernet ptias would not have a significant effect on the
odzaiySaad LTI K26SOSNE (KS Odzaili2YSNI 02dzaKi Sy 2dzAa

networked computers, Metcalfe pitched, the cost of installing the network would be outweighed by the

% |n fact, the accurate equation for Metd@alS Q& f | ¢ | & & Y LI&2vihktOs ainbt the darndladliBel OK S &
simplified® £

57 From my research vantage point, it is arguable whether or not this assertion is true. Once a person or machine
becomes a participant in a communications networle gresence of the network undeniably affects how the

participant perceives themselves. Everyone who has ever sent themselves an email or a text message knows that a
y2RS Oty O02yySOG G2 AdaStFTo tI NIAOA LI Aichlultiorlile G KS y Si g2
aSiolrtF¥FSQa (KIG dzaSa O2yySOlA2ya (2 ljdzryiAaTe @FfdsS YI @&
as a part of the networks value, given that network participation invents this novel brand of introspection possible.
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exponental growth in its value to the company. This pitch was popularized by magazine publisher George

DAf RSNE 6K2 @NRGS | 062dzi GKS O2Y186 LI | yR Yyl YSR A
55aLAGS AGa AyddAGAGS FLWISHE ST aSGort¥5Qa t1 6 Olyy

CANRGZ aSiOlIt¥FSQa ftg FrLAfa G2 OftSINIeé& RSTAYyS Ol f
fAGGES @1 3dzS 02dzil oKI G W@ f di6d withlskaing expeisivedysks i K 2 & S
YR LINAYGSNAS SEOKFYy3IAy3a St SOGNRYAO YIEAE SAGKAY 0
Y2NBE 90GKSNYySiasz gKAOK LINRPGSR (G2 6S Y2NB @l fdadofS:
[189]. One can believe that a company is able to extract more value from office equipment when access

is shared over the network, but this is not a rigorous definition.

Second, MeDl f FSQa ySig62N] GKS2NB FlLAta G2 | O002dzyd F2NJ
are crucial to understanding how new networks replace old networks. In the early 2010s, for instance,
teenagers began to join Snapchat in favor of Facebook, bedeasebook had become popular with

parents and teacherfd90]¢[192]. This story echoes offline sudolltural movements, where an underclass

rejects the value judgments made by the dominant social group and creates new social and cultural value
outside2 ¥ G KS o6A33Saild ySisé2N)] ad C2 NIdétrachngfacor titat €S0 2 2 | Q:«
them to instead join a new network with fewer nod®. y' I LIOK I 4§ Q& dzaSNJ Ay G SNFIF OS
the technology press and softwasavvy young adults becausiés unconventional design was
unappealing to the people attached to mainstream software aesth¢1i®8]. In many ways, Snapchat
wastheantiClF 0S6221= YR Al adzOOSSRSR Ay G(GKAa yAOKS RSal
network scalea SG OF £ FSQa I ¢ R2Sa y2i F002dzydi F2NJ 0KS RAS
with networks, instead proclaiming that more users is always better. If this were the case, how could new

networks like Snapchat get off the ground?

¢ KANRIZ eduatiéhlaind t8 Rake the value of a network into a calculable sum, but its failure to

guantify qualitative differences makes the formula useless for comparing two networks. In May 2018,
YouTube CEO Susan Woijcicki announced that YouTube had 1.8 billitiynaative loggedn users

[193]0 ! OO2NRAY3A G2 aSiaol f FS Qeéquaftd thesonelnéirdillio@sixthdadred2 ¥ (1 K ¢

BAf GK2dAK ClF0S6221 s+a otS G2 adSy {ylILOKF{iIQa ANBSIK
WhatsApp in 2018, it remains to be seen if qualitative differences between the two networks will ultimately create
differentvalue for users of Snapchat, @nother new entrant, with which Facebook cannot compete or replicate

despite greater size.
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twenty quadrillion (1.62e+18) connections it enables. By contrast, TikTok and its sister product Douyin
have a combined monthly active user base of 900 million pgagé], [195] AccordingtoMetc t TS Qa f | ¢ 2
CA1¢21Qa @l fdzS Aa 2yfteé F2dz2NJ KdzzyRNBR FyR FTAGS |Jjdza R
Are they indicative of future growth rates? No. Are they indicative of user monetization or social impact?

No.

If it were true that the dlity of a network could be directly derived from the number of nodes or

connections, then it would be impossible to explain how smaller networks displace larger ones. If a

ySig2N] Qa OI-£ Ho® can AJadhehétvidik Svér be overcome by alnane whose value

is measured by the same formul@®e calculation strips networks of their qualitative differences, which

removes a great deal of its utility.

C2dzNIIKZ aSiOFfFSQa fl g LINBadzySa GKIF G I office sgafeld 6 2 NJ
operation, this may make sense. There is a world of difference between two of twenty employees having
networked computers, and twenty of twenty employees sharing a network connection. However, this is

less obviously true when applied to véayge networks. It is easy to presume that, as new nodes subscribe

for phone service, buy a fax machine, or sign up for Facebook, the value of the network increases for all
participants. By some hangavy mathematics, | can be convinced that the minutedase in value to

each person on the network sums to a value that exceeds the cost of the individualdevigdi O f TS Qa
critical mass tipping point. It is less obvious, however, that this holds true once the network grows to be

truly enormous. Whenthetw@ A f f A2y G K LISNBR2Yy 22Aya Cl 0S6221= R2S
for most other users? If even tens of thousands of people in a part of the world with which | have no truck
whatsoever join up, does it really affect the value for me in any didgermiay? Although each user may

be said to increase the overall value of the network by some measure of value, there are diminishing
NEBidaNya 2y0S Iff LIS2LXS Ay | 3IABSYy y2RSQa aLIKSNEB
account for this at &l

wSSRQa [ I ¢

In 2001, computer scientist David P. Reed proposed that the value of a network grows in proportion to

the number of groups that can be formed within the netw§i®6l® wSSR 20 aSNIBSR (K G2
law applies to ondo-YI y& ONBIFROFald ySUé2N] asx |-ty-peeracdhioRs { FSQA

there was another type of network architecture yet to be quantified.
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wSSRQa f I g Ihddalled gboadorinidg netiorksé (GFNs), in which users are able to create

groups with only a subset of their fellow nodes. To understand the difference, let us consider a text
YSaal3aAay3da ySig2N] tA1S {a{® aSiOl atcdHyxnil thd pbsgibleLIdzNLI2 N
two-person text message conversations. Metcalfe states that the value of a network is the same as the
YydzYo SN 2F O2yySOiGAz2ya o0SieSSy y2RSad wSSRQa fl 63 ¢
groups of node®n the network. In our text messaging example, this would mean counting all of the

possible group chats, in addition to all of the tdS NBE 2y O2y OSNE I A2y ad wSSRQ&
to-peer bidirectional connections, but also the connections between denand all possible unique

groups of nodes to which it might belong.

According to Reed, in grotfprming networks, the value of the network corresponds to how many groups

the nodes can make with one anoth@96]® wSSR Ay iUNRRdzOSR KA&a (GKS2NE I a
GFN witm members. If you add up all the potential twa@rson groups, thre@erson groups, and so on

that those members could form, the mber of possible groups equajs. S, the value of a GFN increases
exponentially, in proportiontg ®¢é¢ ! ySi¢g2N)] 2F (g2 y2RSa Oly 2yfeée ¥
network. A network of three nodes, however, can form three additional subgragu$ containing a pair

of nodes. A network of four nodes can contain eleven groups. To be precise, the function is formally
written as®w ¢ & pto account for groups with only one member and one empty group. This is

often simplified tog .

. . . ’. @ Existing node

| (O New node
_ - Peer to peer connection
: . / . \¢ O | = Existing groups (4)
L N, = New groups (7)

R

Figure30Reed's law: Each new node creates new groups with every possible subset of nodes. Groups must contain
two membersw ¢ E p

55aLIAGS wSSRQa AYUNRIdZAYy I O2y i NROdzi A2 yal fKFASIQ Af [ d 6¢
Value remains vaguely defined, the sums it yields do not capture crucial qualitative information, its output
is not useful for comparing or contrasting networks, and the formula does not account for diminishing
returns when networks achievealal scale. This last point leads to especially absurd scenarios under
wSSRQ& fl oY AT 42YS2yS Ay | FEN} gl & O2whuskgph (& 22 A
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G62N)] Qa @I f dzS vy S kshie groupRchatdiat cieated@BO | dza S 2
S RANBOGAZ2Y wSSRQa fl g LRAyGA Aa AyGaSNBai
In summary, itis unclear how guantify the value of communications networks in terms of their size, but

simple observation shows that networks share an unusual graeltited property. This tendency, called

a network effect, can drive more new participation at a super linear rateégnmost successful cases. As

nodes join the network, its value proposition becomes more attractigeleast in the early growth phase.

Network effects are unique to networks; this property is not shared with manufactured goods and
traditional service$? Until a network reaches an inflection point, which Metcalfe called critical mass,
participation in the network may cost more than it is worth. For network makers, the important takeaway

is that their network must be adopted by a large enough set of inits&lrs before its value becomes

apparent. Beyond that insight, the real mathematical value of network effect discourse is less clear, and

perhaps mostly marketing.

Section 2: Booting Networks

Despite the temptation to attribute everything to the technologpon with which they are built, the
2NAIAY aid2NRSa 2F Ylye 2F (2RlI&Qa fINBSald ySis2N]
G§SOKy2f 23A0Ff RAANHzZLIIAZ2Y D ! f K2dzAK (GKS& |NB 2F0GSy
are in faict multidisciplinary performances spanning the domains of software, law, and puBlidity.

become capable of booting up new networks, we will have to inhabit a mindset that sees network creation

as more than a purely technological activity.

The beginnings of the most successful social media platforms, internet marketplaces, and vertically
integrated electronics brands can be tracedtteativeinterpretations of corporate, labor, and intellectual
LINPLISNII e f1¢> yR I o0StAST GKIG aAd A& ™nthish SNI (2
section | will explore a handful of criminal or socially unacceptable practices that lalfieheus

internet brands and discuss why big networks sometimes come from bad behaviour.

89 Economies of scale apply to manufactured goods, and so the price of manufactured goods falls as demand
increases, but this appears to be a different subject. ddmnection between the two may be worthy of further
research.

0| establish this point at greater length @apter 2: Performing Software.

" Grace Hoppef197].
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The historical record shows that many successful networks achieve initial viral growth by facilitating
prevalent but socially unacceptable behaviours, but why shohisl be the case? Before | examine a
KIyRTdzA 2F SEFYLX S&as L ¢2dd R tA1S G2 ReStt F2NI |

The first major challenge facing a nascent network is the cold start problem. As | discussed in Section 1.
bSGg2N] 97FT7TS Qiiaigoftdn sajl Soiindreadlagasfundion of the number of participants. If
this is true, then a new network with few users is not worth much to anyone. In the context of network
building, the cold start problem describes the conundrum of attracting fir& users to a network

product, when the majority of its value will only exist once it has grown popular.

| first encountered the cold start problem up close when | interned at Color Labs in 2011. Color was a
social network startup based in Palo Altali@rnia. When | joined in the summer of 2011, the company

was just coming to reckon with its particularly hairy cold start dilemma.

Color was a geosocial photo network. The app allowed users to create collaborative photo albums with
people nearby. In Qor, users coulanly see photos recently posted within 100 metres of their current

location. The CEO boasted that, in contrast to Facebook, this would be a social media for connecting with
people nearby a way to make new friends and connect with the peopk see in the corridor every day

but never meet.

¢tKS O2fR &adF NI LINRoOofSY ¢la SalLISOAlLtte | O0dziS Ay [ 2
was very unlikely that anyone had recently taken a photo nearby. If a network with a billioradiily

dzZaSNE 6SNB (2 AYLX SYSyd /2f2NR& LINRPRAzOG Fa | FSI i
however, there was little chance Color would grow because there was very little incentive to get onboard
SFNI e Ay (KS vy S ctavarkell @l forfedefy@@in thekcBmphiM BffiR@zvas fun to

post a picture and see it appear on the phones of everyone in the Tobut it was not very interesting

to people without so many friends on the network.

It is inherently difficult to convincpeople to sign up for a new service or product for which there is no

direct precedent. Joining a network is not furand-of itself. Why would | want to install your app or join

82dzNJ ySUg2N)] AT AlG a2t @Sa | LINRhiette ¥hared phodo alpugnsi | £ NB
feature was fun, it did not serve a profound or common enough desire to weather the early days of relative
obscurity. Its 100 metre restriction was so severe that no amount of splashy advertising or corporate

partnerships cow have rescued [tL98].
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To successfully boot up and gain network scaling growth momentum, network products oftemtirat fi
foothold within a specific niche. General purpose products that serve too wide a hypothetical audience
typically fail to draw an initial group of enthusiastic users that make it possible to eventually serve a wide
variety of usecases. Facebook wouheéver have taken off if it was first sold as theleerything platform

that it has now become. Without a zealous group of early adopters, there is little chance the network
product will be shared by word of mouth. By contrast, when a network is abletacagan initial group

of enthusiastic users, they tell their friends and family about the positive experiences they are having, and
their activity allows the designers and developers to hone the product in a cycle of design, use,

guantitative and qualitdte data collection, redesign, and renewed use.

One battle tested way to successfully launch new networks is to appeal to human desires that long predate

computers. In his talks to entrepreneurs and software designers, personal computing and interface

poy SSNI ' £ Iy YI@& FTNBljdSydate LRAyida G2 FyiKNRLRf23IAa

document for those seeking to attract the attention of the mas&a4uman Universals is a list of over 300
human behaviours and concepts observed ircaltures around the world200, pp. 43§439] The list
includes mental patterns, like binary cognitive distinction and private inner life, personal attitudes, like
food preferences and manipulation sélfimage, and taxonomies, like classifications of color, age, flora,
fauna, and body parts. The list also includes familiar human interests, like anthropomorphization, gossip,
hairstyles, play, music, and sexual attraction. Of coutsmgn be difficultto accept the idea of a list of
human universal traits. What contemporary anthropologist would dare to claim to kvioat is universal

to all humans, given their necessarily limited perspective and experietnmadrtheless, if we raise our
head from thepage and look around at the media surrounding us, it iseégtfent that practically
speakinga person can attract attention by servicing the most commbgeervablehuman fascinations,

whether they are truly universal or not.

In the pages that follow,dontend that many successful networks start with a’siBome break the law,
while others break only social norms. One way or the other, many successful network organisms find their

first users enabling transgression.

2 Although Kay points to this document in a derisive, superior tone, | believe he is right that a person is more likely
to successfully grow their product or network if it serves common themes of human inf&8it

BlamusingthetermsinpS G AOF f f 8d L R2 y20 tAGSNIftte YSIy | o0Aof

the social mores or legal norms of the time and place.
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I would like to discuss two types sinful origin stories. The first category are sinful prototypes whose
remarkable popularity inspires their creators to revise their approach and create lawful variations on the
original idea. Facebook is an example of this tendency, and its roots in ypiiwaasion and data

YAALF LIWINRPLINRF GA2Y NBYFAY SaaSydaAialrt (2 dzyRSNROlI YRAY

The second category are sinful products that facilitate bad behaviour until they have grown to network
scale. Once they have secured market dominance ginesworks either clamp down on the transgressive
behaviour that initially drew users to the platform, or they cause a change in social horms so that those

behaviours are no longer transgressive. YouTube and Uber are examples of this brand of sintidlboot f

A third category are networks that never cease to service transgressive behaviour, but | will not discuss

these in this text. Napster and BitTorent are examples of this third category.

| believe it is important to acknowledge these transgressive biehias at the root of network organisms,
which | am grouping under the tongte-cheek umbrella o$in, because they are not oreff events but
a pattern amongst breakut hits in this medium of network making. Why is it that flouting society rules

provesto be such a powerful tool for attracting social activity?

Through series of examples, | will show that many successful networks start out by breaking the rules
0S0OlFdzaS aAy Aa GKS SraiasSad egle (G2 3ISH Lkdtdt SQa |
convince people to cross the threshold and sign up, install, or buy. Why should | join a small network that

offers a service | do not already want?

To bridge the gap and create initial user growth momentum, many networks enable people to do
somehing that existing products and services will not let them do. If a network allows you to peep on
your classmates or watch a free clip of pay TV, then it satisfies a human universal desire that no existing
product can. A network that enables me to do sdhieg | want to do, but so far cannot, is attractive
enough to be worth joining. A network that enables sinful behaviour is easier to boot than one that merely
offers a new interface to something | can already get somewhere else. In the next pages, see wils

pattern reproduced several times.

Facebook: Privacy
Before Facebook, Mark Zuckerberg built Facemash, a social web application for comparing and rating his
I  NDFNR OfFaayldiSao !'a ¢S akKlfft asSSs CsaAfMl aKQa

Zuckerberg that people wanted imagkiven social media about people they knew, and that to do so
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successfully, he would have to reframe his early efforts to be more in line with intellectual property law

and individual consent.

In Novermber 2003Zuckerberg launched Facemd®01]. Facemash was a Hot or Not style voting game

that presented users with two images and asked them to pikkWO K 6+ & G K2 GG SNIé 2 KAf !
games pitted celebrities against one another, the Facemash interface displayed the student ID photos of

G2 OdINNByYyG | I NDFNR dGdzRSyida dzyRSNJ GKS ol yySNI a2 S
them? Y& §201]. Visitors to the website were encouraged to pick which of the two students was more

attractive, then repeat the process with anotheatoh-up ad infinitum.

¢2 LRLIzZ FGS CIOSYlFIakKQa LIAOGdz2NE RIFGFolFaSsz %dz01 SNb S
password protected house webpages. Zuckerberg documented the project development in a journal he
published on the website itse[R01]. The audacious log described how, between 1 AM and 4 AM on
hOli20SNI HYyX HnnoX KS aKFOlSRé I yR R2cusés with oRIBR LIK 2 {
FIrO0So221ae |I'S JIt2GSR GKIFIG GKS KIO1TAy3a ¢la aOKAER
LIK2G2a& 6SNB a2 dzyoSO2YAy3d GKIFG aL FEyY2ad eoFyid G2
animals and have peoplevote onWIOK A & Y2 R BIL I GG NI OO A @S¢

Facemash was the buzz of the campus when it launched on Halloween, but the illicit means by which
Zuckerberg aagjred the photos quickly landed the sotm-be founder in trouble with the College.

According to interviews with The Harvard Crimson, Zuckerberg completed Facemash at 7:30 AM on Friday,
October 31. He shared a link to the new website with a few friend$pgrLOpm that evening, 450 people

had visited the site and cast 22,000 vof282]. Zuckerberg pulled the site down two days later, on Sunday

evening, amidst outrage on camptsti G KS dzAdzNLJAyYy 3 2F &aGdzRSy(d L5 LIK2
' RYAYAAGNY GADBS . 2FNR adzyYY2ySR %dzO] SNDBSNH (2 | yags
O2LB NRIKGA | YR @A 2 R02iThe disciplinaiR Acibh RadziulimateiNdiswissédaad

Zuckerberg was allowed to continue his studies at Harvard.

Four months later, in February 2004, Zuckerberg launched thefacebook.com. The Crimson reported on
they S¢ aAiGSQa I dzyOK dzy RSNJ 4§ KS KSI Rf Ay §203 lindzig RNE R &
AYGSNIBASG FT2NJ GKS | NI A Of 9vas ajekizOtiwEsNunrty Nt at #sirdotiit®de 0 K | {
its problems not only the idea, but the implementation. It was distributing materials that were

| I NBF NRQa® L s6+3a OSNBE OFNBTdA 6A0GK wiKSTIOS6221 00
materiak [203].

96



Facemash taught Zuckerberg that, while Harvard students were interested in ogling and comparing photos

of their classmates, a web applicati@erving that need would have to at least appear to respect
AyiGaSttSOGdzZf LINRPLISNIE& NARIKGEA (2 FP2AR NBLNAYIYRO®
that people desired a product that would let them stalk and rate their friends and friehéteends. His

decision to take the site down and redesign the social contract with his users proved prescient. To his
credit, Zuckerberg used his observations of the successes and failures of Facemash to inform the
development of an entirely different pduct with dissimilar user experience and product design, which
nevertheless engaged the same human urges. His subsequent creation was so successful that, even today,
after countless privacy scandals, dishonest data collection policies, and an immeasomadube on the

global psyche, Facebook continues to garner billions of daily active users and remains a popular brand

amongst people who appreciate the free communications services it delivers.

For these reasons, Facebook is an example of a sinful pretdhad inspired a more lawful successor

network.

YouTube: Piracy

YouTube grew to network scale for technical and exhnical reasons. It is exemplary of the
multidisciplinary performance required to launch successful network software. YouTube becaaiarpop
because it made use of a newly available technology for distributing video on the web, it was easier to use
than its competitors, it made available intellectual property (IP) it did not own, and through acquisition,

it was infused with enough money dregal talent to fend off IP lawsuits long enough to grow to network

scale.

Jawed Karim, Steve Chen, and Chad Hurley started YouTube to make it easier to share and discover videos.
In his commencement speech at the University of Illinoidpomder Jawd Karim claimed that he and his
cofounders created YouTube after having identified an unserved need online. While working at Paypal in
the early 2000s, the three eéiounders recognized a need for easier video sharing and discovery. According
to Karim, thelndian Ocean Tsunami, which hit the West coast of Indonesia in December 2004, was the
first natural disaster captured with mobile phone cameras. Videos appeared on online, but were scattered
across many websites. These video files were too large to semdhhil, and to play them on websites,

each user first had to install a video player browser piyguch as QuickTime. Having observed this need,
Karim, Chen, and Hurley decided to create a website to make it easier to upload and share videos by
hyperlink On February 14, 2005, the three-founders registered youtube.com. The first video was
uploaded to the site only two months later, on April 23, 2(D34].

97



, 2dz¢dz0 SQa &dz00Saa Oy 0SS LINILfe FGddNRodziSR G2 GKS
Video. In 2002, Macromedia released Flash MX, a new version of its Flash software. Flash was a
multimedia authoring tool. The software was initially dder animation and rich media websites. To view

a Flash project, web surfers would first have to install Flash Player. Adobe, which acquired Flash parent
company Macromedia in 2005, boasted in PR releases and marketing material that 99%esfakédl

computers had Flash installed, although that figure has since been partially discréaeld Although

specific figures are difficult to obtain, many games and multimedia websites were built in Flash at the

time, and so many people had Flash Player installed on their computers. The 2002 update introduced a

new feature that allowed Flash authors to include videos in their projects.

Until this point, it had been difficult to distribute video on the web as there were many mutually
incompatible video codecs, or encoding formats, and players. Macs and PCs retiffinessht software

to play subsets of the available codecs. Watching video on the web before YouTube was not a good
experience. The QuickTime and Windows Media Player plugins each required frequent updates and would
often spawn a software update notificati at precisely the moment the user tried to watch a video. Often,
videos did not work. The players were also not customizable, making it difficult for anyone to build a video
rich website. QuickTime proudly displayed its clik& Q icon on first load @hwhenever buffering the

video, and it always showed its own distinctive grey timeline scrubber and play/pause button at the
bottom of the video frame. Prior to Flash MX, there was no simple way to distribute video on the web

with a custom player.

Whenitf I dzy OKSR Ay ' LINAf HnnnX ,2dz2dzoSQa F2dzy RAy3 GSI
service. Although the three founders and growing team had figured out how to stream video on the web,

they were not sure what the site was for. At firfiey pacsitioned the service as a video dating website.

42S RARYQlU S@Sy (1y26 K2g (2 RSa&OMA josbsaiditeds ahdw LINE R
1AYR 2F RIGAYy3 aAxidSx 2SS S¢Sy KIFIR | atz23ary F2NJAGY
offering $20 to any woman who uploaded a video to the $it&lobody replied to their offer. In
RSALISNI GA2Yy S YINRY dzLJ 21 RSR @ARS2a 2226lThemled GF 1Ay

" Karim continuedd 2 S #SNB &2 RSALISNIGS F2N FOddzt RFEGAYy3a @OARS2a
Craigslist in Los Angeles and Las Vegas encouraging women to upload videos of themselves. In exchange we

2FFSNBR (2 aSyR GKSY bPun F2NJ SOSNE GARS2 dzZL) 2F RSRX 2§
were already one step ahead of uk $& 06 S3ly dzaAy3 , 2dz¢dzoS G2 &aKIFKNB @ARS?2
AYGSNBaldAyax .@& WdzyS 6S KIR O2YLX SGSteé& NBGIYLSR (KS 4
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signals sent to early users must have been bizarre. In its earliest incarnation, the site did not even have a

search function. Instead, the site showed only a random selection of its &ulalttic collection of clips.

During its first year of operation, YouTube faced huge amount of competition. According to Julie Supan,
GKS O2YLIl yeQa FANRG YINJSGAYI RANBOGZ2NE + wnnp NB
web video companief business when YouTube was found2@7]. In January of that year, Google

entered the fray with its Google Video produ@07]. Google Video featured higher quality video

streaming and searchable video transcripts for some videos. On paper, itsuge@or product.

Despite its awkward initial positioning and stiff competition, YouTube grew quickly. In July 2006, only
eighteen months after its founding, YouTube was streaming 100 million videos per day and had 20 million

visitors per montH208].

Company insiders attribute their success to superior usability and uptime, compared to its competitors.
DARS2Yy ,dzx (GKS O2YLIlyeQa FTANRG / KAST CAYyLFLYyOAlLft hT¥
most dangerous competitor as followdVith Google Video, you needed to know what codec your video

and what was the dimension of the video frame, [w&s] with YouTube it was all in Flash and when you

wanted to upload a video to YouTube, the only thing you needed to do was push a button that said
'upload™[207]® ! f 1 K2dzZAK dzal 0Af AGe 6l a AYLERNIIFIYyGE | 2dz¢dzo S
clips it hosted without the copyrigft 2 f RSNE Q LISNXYA&daA2Yy O

In 2005, YouTube became popular as a place to watch viral clipsarfcamtelevision shows. Clips of

news and comedy shows were particularly popular on YouTube in its first year. The Daily Show with Jon
Stewart aired on Comedy Central at 11PM on Monday through Thursday nights, and it was available for

free the next mornig on YouTubg209]. The Colbert Report, which debuted in October 2005, grew

LJ2 Lddzt F NJ Ay LI NI GKFyl1a G2 Of A LJaorge Bushkaithe tivhite HdbdeK Sy /
Correspondents Dinner, before it was pulled down by rights holdep&{210]. Perhaps most famously,

on December 13aturday NightLive N2 F ROl ad &[T & {dzyRlI &8¢ | al GANRO
Chris Parnell. A video clip of the television sketch was uploaded to YouTube, and withayteit had

been watched 1.2 million time11]. Two months later, on February 17, 2006, NBC sent a cease and

desist letter to YouTube demanding that they remove the video from thq2ilt2], [213]

During its first year online, the dounders considered how they could allow copyrighted material to stay
on YouTube to foster growth, withoutbeingSlR Ay (i2 20t AGA2y ® [/ 2dzNI FAE Ay 3

against Google revealed that the YouTube founders and early employees were well aware of what they
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were doing all along214, p. 120], [215]° In one of many similar instant messenger conversations, a

product manager told c& 2 dzy RSNJ { 1S@S / KSy (KIF&GX awoL8 gSyid
discussed/top favorites/top rated to try and figure out what percentage is or bpgrighted material. it

g1 & 2 PSNJ2t5mz25lwa A OB €

By August 2005, the three YouTube cofounders had decided it would be best to initially allow copyrighted
material to be illeglly circulated on their website to build its popularity. Hurley emailed Chen and Karim.
Go28S YySSR (G2 &aldFNI o0SAy3 RAfAISY(d | o2dzi NB2SOGA
ASNA2dza GNIFFAO YR FGGSylR®syp MR sgEL LNRI2ytUd] B2 Wwdia i
happen. what if someone from cnn sees it? he happens to be someone with power? he happens to want

to take it down right away. he get in touch with cnn legal. 2 weeks later, we get a cease & desist letter.

we take the video dwn," Chen replied. Karim concluded the transaction with what would become
,2dz6dz0 SQa LRt AOeY afSia NBY2@0S adGdzFFT tA1S Y20ASacx
become stricter over time, just not overnight. like the CNN space shuttld tkp, we can remove it once

$SUNB O6ATISNI FYR 06SUHGSNI {y26ys odzi T2 N-fguders i KIFG O
had decided to prioritize growing till they could completely eclipse their competitors, before proactively

seeking outand pulling down copyright infringing content.

On October 9, 2006, Google acquired YouTube for $1.65 jRl@h After a heated competition between

the two sites, and many others, Google decided that it would be safer to buy YouTube before anyone else.
Market research firm Hitise estimated that YouTube was responsible for 46% of the internet video
streaming market when the deal was announg2ti7]. Unbeknownst to its users, the same Viacom court
documents revealed years later that the founders had planned a sell their business quickly, from the start

[215, p. 11] Two months after the acquisition, Time Magazine published its memorable 2006 Person of

¢KS |, SINJI AdadadzSe® ¢KS YI 3T AyS Qe 0l Sdduradkbg & $hiry | Yy A
metallic rectangle and unmistakably YouTdile videoplayback controls. Across the metallic video
AONBSY ¢l a LINAYy{@SR 2yS 62NRY 4G, 2dzdé

Once acquired, YouTube benefitted from the deep cash reserves dbole staGoogleretained lawyers

to delay legal consequences until the network was large enough to be irreplac@ahldi K D22 3f SQ:

engineering and infrastructure might, YouTube was able to cover ballooning bandwidth ceptstedly

SViacom, the parent company of CBS and Comedy Central, sued Google, whichfeatdnguired YouTube, for
$1 billion on March 13, 2007214, p. 120]
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200 terabytes of traffiper day at a cost of around $2 million per morfi9jd a Sl y g KAt S D2 2
lawyers stalled the incoming lawsuits, allowing YouTube to build a digital video destination of

incomparable scale.

YouTube was made by a multidiplinary performance in technology, copyright infringement, paid legal

counsel, and showmanship. YouTube separated itself from the pack of competitors with a brazen and
illegal approach to copyright law. With sufficient funding from its parent compamyTbe was able to

weather legal and financial burdens beyond the means provided by its revenue streams. Once it had
IANRgyYy (2 ySig2N] aOFtS> [ 2dz2dzowSQa GASESNEKALI 6SOI
property owners like TV networks, mie studios, and music labels. In a handful of years, YouTube

OGN} yaAGA2YSR FNBY GiUGKS Dbl LIAGSNI 2F xARS2¢ Ayidaz | LI
the world. By dint of its network scale, YouTube (a.k.a. Google) has positionetbitemie very favorable
relationships for global streaming rights, because it gate keeps access to a growing audience of over a

billion viewers.

In this section, | have argued that successful networks often break through to a wide audience ygenabl

a socially transgressive behaviour that they cannot achieve with existing services. In the marketplace of
FGGSyidAz2zy o6/ KIFILIGSNI oY ClFakKAz2y yR !'iGdSydAazyoz | Ff
to establish a meaningful place iheir lives and the opportunity for recurring participation. | introduced

the cold start problem with the example of Color, and | used the examples of Facebook and YouTube to
show how more successful networks use socially unacceptable behaviour to boatetearks, which

they ultimately reign in to relatively more acceptable legal and social practices. | proposed that Facebook
is an example of a network that began with a particularly sinful prototype, which was reformed in its
second iteration in respons® fpublic backlash. | used YouTube as an example of networks that boot with

a sinful approach, in this case intellectual property piracy, then reform once they have reached
indomitable network scale. In all of these cases we have observed that yet agaiattherk organisms

that foster the development of the software and the growth of the network that uses them are themselves
multidisciplinary performances spanning law, fashion, software, networking, and public relations, and

perhaps still other parts offé.
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Chapter 5: Supply Chain

Thesupply chairis the network of raw resource extraction, design, manufacture, sales, and shipping that

RSt AOSNE SOSNRBUKAYI Ay 2dzNJ f A@Sa GKIG O02YSa FTNRY
production and distk © dzii A 2 y ¢ 2 F220D Bvenyieng thal is @ate in one place and consumed
somewhere else is implicated ithe supply chain. Every process of manufacture and cultivation that

requires materials from elsewhere is part of a particular supply chain, and the broader ecosystem of trade

processes callethe supply chain.

In this chapter, | will explore theelationship between computation, the supply chain, and the making of
meaning.The chapter will unfold in two parts.

Ly GKS FTANRG aSOiAazys L O2y(iSyR GKIF{GX R&g@gnemmliS YIy
purpose computers are and havef 61 @8 a2 0SSy SaaSyidAalftte RAaALRAlIOE SO
I NE SYOftSYFHGAO 2F GKAA | Odz2iSte RA&LRAalofS SN 27
product design lineage, | observe a design ethic that prioritizes usability astkhetie appeals to the

individual consumer over durability and environmental friendliness. | calChigrtino Design

In the second section, | argue that meaning is waste. In this portion of the text, | claim that disposable
goods are parts of speechAlthough their negative impact upon the environment deserves attention, it is
important to understand that people are drawn to purchasiePod and clothes that fall apart after one
wash for the very same reason. These products are means of expressi@msiliee a prosperous
environmental future, humanity must undoubtedly address the dangerous consequences of unbridled
consumerism; however, to move beyond our current moment, | assert that we must also acknowledge
that human meaning is necessarily bound wjth activities that can be criticized as wasteful and
superfluous from a disconnected vantage point. Instead of rejecting computers as wasteful totems of
transient fascination, | believe we must appreciate the natural human inclination to use the material
around us as an extension of our embodied consciousness. Solutions to ecologically unfriendly patterns
of living are more likely to come from a deep understanding of human meaning making and the intrinsic

motivation to express oneself than overly simpéestigation of humans as neaighted hedonists.

Section 1: Cupertino Design

Apple is the most influential design organization in the world tof2#1], [222] It is unparalleled in its

ability to divine and execute category defining products that aspire to seamlessly integrate software,
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hardware, and services. For decades, the company has turned out a series of smash hit products that

customers love and competitors love to imitate.

Forall its strengths, the company may well be remembered for a lineage of beautiful but disposable
products designed to last not more than five or six years of regulaf®use.JLf S Q& KI NRg I NB
symbolize and perhaps catalyzed an industigie shift awayfrom customizable, modular consumer
electronics, towards sealeshut plastieand-glue assemblies that are a repair and recycling nightmare. In

this section, | argue that Apple is a pioneer of fashionable disposable computers. In the pages that follow,
IwAtf SELX LAY K2g ! LI SQ& odzaAySaa Y2RSt Y2GA01GS

design, which | caCupertino Design

Apple is well known for setting trends in product design. From its signature Macintosh computers to its
recognizable whitearbuds, Apple has blazed a trail of influence since its debut in thad @Mas. After a

period of mismanagement and diminishing sales in the 1990s, Apple burst back onto the scene and quickly
cemented its reputation for bold looks and innovativeiatbne products with its colorful 1998 iMac and

the launch of the iPod in 20q224]® { Ay OS (G KS At 2RQ& RSo6dziz ! LILIX S KI ¢
GKS FTAStRa 2F AYRdAAGNAIf X LINPRAzOGXZ | vy RdveértBidgl ¢ I NB
campaigns, verticadefining products, and brand connotation with premium luxury computing
experiences have made it a touchstone for anyone studying design in recent decades. When talking about

product design today, Apple is the company ond¥e2 Yy SQ& YA YR®

¢tKS At2R gla I LAG20rt Y2YSyid Ay ! LJX SQa RSaidy K
the company could achieve its greatest commercial and cultural successes with products discouraging of

user modification and repairnithe 1990s, it was common for consumer electronics to require AA, AAA,

or D size alkaline batterigg25,p. 391" ¢ KS At 2RY 6KAOK o6SOIYS I LJILX SQa o

iPhone, kickstarted the trend of mass market consumer electronics with-nsar replaceable batteries

¢ Analyst Horace Dedieu estimated in 2018 that Apple devices remain active for 4.25 years on R23héte

OFYS G2 GKAA O2yOf dzaA2y 0 icediglh@diftit tBaitdtayramberlofidévised &old.UJdzo £ A O
KIS I RRSR | 02dz2L) S 2F &SINBR Ay (GKS GSEG G2 O2yvyLSyal i
are completely unusablénecdotally, | observe that their wearables work well for twddor years, their phones

work well for three or four years, and their laptops and desktop computers work well for four to six years. Of

course, hobbyists and enthusiasts manage to use much older devices for decades, but this niche is not

representative oimost consumers.

T Meador estimated that Americans at the time purchased between one and three pounds of batteries per year

[225, p. 39]

S
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[226]7¢ KS Y dza A Ql-indodfe Idasi§n\eEhaed the 1984 Macintosh, and took the approach even
further by integrating the power source and input device into the case. At launch, the omission of a user
NELX F OSIFotS oFGGdSNE ¢ a O2yiSy G-orRbdtergredeidl mikicdss 2 T
of views online, but the sealed package design ultimately previ228]. It has since spread to phones

and proximateconsumer electronics categories.

CNRY GKS YI ydzF I Ol dndibdpradudidag dtIéast ihfees8vantages gver modular
equivalents: they can be smaller, simpler, and harder for-exqperts to repair, thus reducing upgrade

cycle time.

First integrated products can be packaged in smaller enclosures because they do not require multiple use
modular affordances. Modular hardware require affordances for attaching and detaching pieces, which
fully sealed devices can oni#29]. For instance, products viituser replaceable batteries, like TV remotes

and inexpensive electronics, often feature multipise cantilever snafit battery compartment covers?

These mechanical features increase packaging volume and are more likely to break thaowiog

parts. htegrated designs reduce the number of parts, and so they can be more robust than modular

equivalents°

Industrial designs that eschew modularity and reparability can also reduce overall package size.
Traditionally, computers and electronics were assemhisithg sliding rails and screws. Latter day Apple
products replace these fixtures with glue to reduce the space costs incurred by §284isThis design
choice makes repairs more difficult for the inexperienced, but allows for thinner enclo2a28F The

size of a device, and especially a personal mobile device, is a simple metric for annual iterative

improvement. It is easy for consumers to compare products based on their outer dimensions, either with

"8iPod sold 300 million units between 2001 and 2(AA7].

7 Snagfits are an engineering design pattern for assembling flexible interlocking [22@%

80 Integrated designs can be more robust, if the case material and enclosure are defsignalzlistness. Phones

today are designed to optimize thinness over robustness, however, and so the edges of their glass screens are
exposed, making them vulnerable to drops. For this reason, the robustness argument is only so meaningful in the
current coriext.

81 Not all glue assemblies are designed equal. Some glue assemblies, like iPhones, remain repairable at the systems
level. If you smash your iPhone screen, a person with experience and the right tools can swap that component out.
To repair the screenomponent itself would be much harder, as it is composed of sheets of glass, screen, and light
emitting materials that are fused together during manufacturing. Due to their size andajc@mponents ratio,

AirPods are also much harder to fix than anciféd
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specific numerical product specifications, or plynby feel. Market performance indicates that thinner,

sleeker devices appeal to customers more than larger modular alternatives.

Second, fullyintegrated products allow designers to simplify enclosures and create eye catching

minimalist designs that disty 3 dzA 8 K G KSA NJ LINPRdzOG & FNRY O2YLISGAG2N

and unbroken shiny metal back are memorable designs in part because they featured no battery

compartment or useffacing screws. For decades, Apple has cultivated a brand asisocwith the

O2y OSLJi 2F &aAYLX AOA(GE@d 'y ARSFE ! LILX S LINRBRdAzOG a& 2 dz

product and user experience philosophy to prospective customers. Minimalist enclosures photograph well

and lend themselves easily to tf@2 Y LI y& Qa YINJ SGAy3a adNriS3e 2F YI

hero 82

¢KANRS AYGS3INIGSR LINPRdAzOGA | NB Y2NB RAFFAOdzZ G G2

choice to use hidden fasteners and glue makes their devices difficult forexperts to repair. To
disassemble an Apple device often requires tihat repair person heat the enclosure to melt and loosen
the glue inside, then delicately pry the parts open with plastic spudg88, [234] These operations are

intimidating to nonexperts and require special tools.

I LILX SQa ocStéslth@ doshpahy AsyirRfdct, actively hostile toward customers repairing their own
devices. The company does not provide disassembly and repair manuals to cusi@dagrSince 2009,

Apple has used obscure pentalobe screws to make hardware repair more ditéi86]t The company
tightly controls the sale and distribution of authorized replacement parts to certified repair partners only
[237]. To become an authorized or independent repair partner, repair shops must sign contracts that limit
what repairs they can executehdse contracts also stipulate Apple may perform unannouncgubison

audits to check if independent repair shops are using unofficial replacementpagk These measures,
combined with indistrial designs that make disassembly intimidating, and the looming threat of voided
warranties, discourage users form repairing their devices. Apple claims these efforts are intended to keep

repair quality high, but they are undeniably also motivated loesire to shorten upgrade cycle time.

82 peter Belanger has photographed many Apple products for promotional material. Although he rarely speaks
publicly about that work, in one interview he mentions in passing that some shoots require complex setups that
SyroftS KAY (2 AGEGKY -NPR aK | CRABRPAIKRS LISY RSy (it & ¢
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I LILX SQ& odzarySaa Y2RSt A& OSNE RAFFSNBYy(d FTNRY D22
to behave differently. Google is, of course, the other major software player in the smartphone supply
chain® Smartphone buyers today which is to say nearly everyonere forced to pick between their
RAGSNESYyG SO2y2YAO GFOUGAOaAd 9AGKSNI 2yS aArdaya dzL
invading surveillance. In practice, one often gets both.

The primay alternative to iPhones is Android. In the Android ecosystem, Google provides handset
manufacturers with an open source operating system called Android Open Source 8B cAOSP is

a bare bones operating system. Google puts all of its software, including its Play Store CHiase

browser, and superior camera app, into a separate software package called Google Play R<i@jces

241 ¢2 &aKAL) LIK2YySa ¢AlK DéhihQsis atop AGSP, |haiztdsetA (& 2
YIydzFlF OGd2NBENE tA1S {FYadzy3a Ydzad | 3 NEEP[2421244F 2€ £ 2 6
These contracts allow Google to collect the personal data of every Android user, no matter which brand

of phone they are using.

To provide users with free services, Googilissuser attention to their real customers: advertis&r#n

NBOSyid @&SINaAX GKS YSYS GKIG aAF @2dz2QNB y2i0 GKS Oc
[29]. If a company is providing a free service, like YouTube or GMail, then it is recouping those costs
somewhere else, most likely at your expense. The idea has been circulating with regard to television

advettising since at least the 197(245].

Apple, meanwhile, earns the vast majority of its revenfrem products and services sold to the people
GKIFG dza8S GKSY® Ly ! L) SQa odzaiySaa Y2RStX G(KS O0dz
recently decided to lean into this contrast. In January 2019, Apple launched an advertising campaign with

asimlX § G 3t Ay S &t Nl Sidahi medel has BodwnidiakbacksS &

According to its business model, Apple is motivated to engage in planned obsolescence as much as Google
Ad Y2U0AQFGSR G2 02ttSO0 AYyTF2NNIGA2Y usimedaddelA (& dzi
AYyOSyuA@Al Sa GKS O2YLIl ye G2 NBAaLISOG Odzad2YSNI LINR

revenue also drive the company to engage in aggressive planned obsolescence.

83 Qutside of China.
84| discuss advertising based organisms at greater length in Chapter 4: Making Networks.
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Apple generates record sales and profits thanks to its softvwafiesed approach to planned
obsolescence. Anyone who has held off updating their device for fear of hurting its performance is familiar
GgAGK ! LILX SQa G OGAO& @ L y-handedvaftar a sokidre dpdavelivintyoduced | & OF
deliberately sloved phones with older batteries, reducing compute performance by as much d24f

24810 ¢ KS O2YLIl ye OflAYSR (KA& a2Fio6FNB 61 a8 AYUIUNBR
sudden unexpected behavior, but the changes resulted in exactly the opposite effect. iPhones with
batteries deemed worn by the operating system would suddeniyt stown with 3040% charge still
remaining[247]. Thesecaf SR & . F GG SNE I G4S¢ NBGSt I GA2Yy O2yFANNSF
a26SR flFradAy3d RAAGNHAG Ay GKS O2YLI yeQa O2YYAGYSy!

calledOTA Obsolescendeecause it harms performance with an otke-air software update®®

OTA obsolescence is complementary to the electronics industry practsetefare throttling in which
manufacturers use software to limit hardware performance. For instance, Panasonic limits the
performance of their prosumer camcordessd sells a serial key to update the firmware and unlock the
KFENRg I NBQa 7Fdz [249L I=sla 306 (atificially [ftsNde perfarmance of its car batteries

to create three price tiers for a given model, despite only manufacturing two different hardware
specificationg250]® Ly GKS € SIFIR dzLd G2 | dzZNNROIFYS LNXI Qa Cf 2NA
throttling of their midrange Model 3 cars, which are sold as 60KWh cars, but actually sport 72KWh
batteries insidg251]. In software throttling, a manufacturer uses software to differentiate hardware into

different SKUs, despite it being cheaper to manufacture fewer, higher power models. These business
motivated restrictions furtler indicate that hardware can be made more or less performant with OTA

updates.

¢tKS STFAOLOe 2F AtK2yS GKNROGEAY3TI YR KAIK LINRARO
ddz0aS1ljdzsSyd FAYIFIYOALf LISNF2NXI YOS wttihgfevéldond JRoplet S G2
reduced its replacement battery price from $79 USD to $29 USD in late[2B2]7 These price changes

affected the Christmas 2017 sales season and all of 2018. In January 2019, CEO @imdCioaked that

this price drop had caused many of their customers to not upgrade their ph@%8. This change

contributed to the company earning approximately $9 billion less revenue than exp@&éH From this

8 Theacronym®Aa (i | Y Ra -Re2NUNKHEGIINGS (1 SNY Aidre wimiatBsRieliiefed tR BHBONA 6 S 4 2
directly, especially over \Whi. Before OTA updates, a device would have to be tethered to a computer to update.
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event, we can confidently surmise that raising barriers to repair and releasing software that artificially

throttles performance increases average revenue per user (ARPU).

| propose thatwed N dzLJ ! LILX SQa LINRPRdzOG RSaA3dya dzyRSNI GKS ol
marketing, sleek cases and-gllone designs attract customers with their distinguished look and luxury
LINAOSa® ¢KSaS AyiS3aINI ISR LINEHR&EZAN]REAOZYWE dYSNY & SO
To keep margins high and repeat purchases frequent, giudahtteries, tampeiproof screws, and

warranties that prohibit disassembly discourage product owners from replacing defective or worn parts

on their own. Experige firstparty repairs encourage customers to upgrade devices when a simple part

swap would satisfy their needs. When the hardware does not fail fast enough, Apple performs software
sabotage, which | have called OTA obsolescence, to accelerate the upgeleThese products work

well, but at the expense of longevity and reparability. To maintain their high margins and user demand

for new products, Apple flexes its refined approach to design to create-ibetass products that

nevertheless need to beeplaced within a handful of years.

AirPodi | NB GKS Odz YAYIl GA2Yy 2 FArPodJud Sty delignfulSvidesdsy 2 5 S«
compute product made of batteries, plastic, and integrated circuits. Although they will work with any
Bluetoothcapalle device, they work best with other Apple products. Launched in 2016, theé\fiRbds

iteration featured long, conspicuous white stems, which contain the slender cylindrical battery that is

glued in placg255].8¢ Their unique silhouette and signature white plastic material are recognizable at a

distance, and their luxury e and unmissable look make them a mark of wef8v], [258]

AirPodi SLIAG2YAT S W2y AirPaddese@ghtly Réskaded ¢ispdsaedld to@puters made of
plastic, batteries, and glue. In the constrained set ofcages fowhich they are precisely designed, they

work wonderfully. When removing on&irPod the photodiode sensors located on the portion of the

earbud that goes inside the ear detect that they have been removed and pause music or media playback
immediately. Uporreinsertion into the ear, playback starts up automatically. These delightful touches of

user experience attention to detail elevaférPod to the highest ranks of consumer electronics product
RSaA3ayd ¢KSasS NS | WINBI G rdsiNEW&ydaovide besnylass €s&r H A M T

8 |n fact, Apple launched a very similar Bluetooth earbud device in 2008 called the Apple iPhone Bluetooth
Headset. It was discontinued shortly thereaf{@56].
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experience for individuals, however their impact on the environment, and thus the collective, may be less

favourable.

Apple claims that it works hard to protect the environment, but its Cupertino style product desigikes

recycling unlikely. Every year, during their iconic keynote addresses, Apple executives take a few moments

2F SI OK LINRPRAZOG |yy2dzyOSYSyid G2 SYLKIaAal s GdKS Oz
material use, and recyclif@59]. In 2016, the company took this one steepther with the debut of the

firstin a series of sizzle reels for its custbuilt recycling robots. The company claims robots like its 2016
GLAFYE YIFEOKAYSS OFy RA &l{280) BrfodundelyHhe recydlingkedlify$sdo Ay |y
so rosy. Apple devices are frequently sold and resold in the used, refurbished, and stolen gray markets

[261]. Devices regularly reach end of life thousands of kilometres away from where they vigirealy

purchased T NJ 0 S@2y R GKS NBI OK P6a2] RehlktitayQoaly a\sBdll dradtioA y 3 LIN
of the devices the compa@n Y I ydzF I QG dzNBa Attt SOSNI YIS AG G2 1ty
aforementioned product packaging decisions and bare minimum recycling documentation policies make

their green robotics programme appear more marketing than truth.

The prognosis isven worse folAirPods. Judging by product teardowns, it is difficult to imagine anybody
bothering to slice open the battery compartment of a gladen earbud to separate the handful of cheap
O2YLRySyilia aidzOl AyaiRS A lpgrodukias todetyiedziniding She hattdriegs G A O Ol
awayt GKF G Fff YI1Sa8 NBOeOtAyd Y2NB RAFFAOdAA G fSaa
a large electronics recycler, shortly aftéirPods launched263]. If one wants to reduce the impact of

consumer electronics on the environment, then one must surely prioritize reparability, recyclability, and
long-lived product designs. Every pair AfrPod is destied to be ewaste. Like all lithiurion devices,

AirPod batteries show wear after 500 to 1000 charges. Their packaging make them impossible to repair

and, because their batteries are glued in place, it is even dangerous to put them in a trash compactor. |

W2yl GKFY {GSNYySQa ¢2NRaJ264pkFe | NB

Sair3adySR G2 68

Section 2: Meaning is Waste

Since beginning my journey into speculative industrial design in 2014, the moral problem of waste has
repeatedly stymied my creative practice. During the fiest’ fyears creating research prototypes, | have
frequently been delayed by existential uncertainty about working with electronics. | know that these

materials are the ones that fascinate me most, but their origins and end are abhorrent. How can | reconcile
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the urgent feeling that | must personally address computation, including hardware, with a moral disdain

for the provenance and ultimate destination of the physical substrate?

At the outset of my experimental researcheation projects, | naively presumedathreal industrial
designers and engineers would have better strategies for objetting ready at hand. Someone with
adequate training, | figured, would be able to work with superior materials, select better components,
and know how to 3D model clever assblies with ease. In fact, as | have shown in Section 1: Cupertino
Design, the most widely respected industrial design professionals embrace disposability in most of their
work. Although they have greater resources to dedicate to recycling campaignsustid elations,
ultimately their most celebrated designs marry plastic, glue, batteries, and integrated circuits into often

irreparable packages.

There are at least three problems working with computers asedium. Computers are made of conflict
minerak, they are often manufactured in terrible labor conditions, and they become obsolete in short
order[265]¢[271].

For empathic people, these worldly problems become personal. How could | make and iterate upon
objects made of environmentally unfriendly materials? How could | ethically use as art supplies
components made of conflict minerals that are assembled by @nlf##72]¢[274]? Pondering my own
research, | imagine the materials traveling along an arcing trajectory, from mine extraction to garbage
dump. My research prototypes achieve their purpose onlymuthe fleeting moment at the top of the

curve when they pass in front of a camera to be documented for this dissertation.
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Figure31Trajectory of compute art supplies

I have no good answers to these questions, but | have maihe sliscoveries about the concept of waste

that | would like to share, and it begins with a simple questiadmat is waste?

There are two pertinent definitions of waste that are sometimes confused. As a noun, waste is the
material left over after manufacting or usg275]. Waste (n.) refers to the refuse at the end of a process.
As a verb, to waste means to squand276]. Wasting (v.) something means to consume or expend it

uselessly. | believe that this latter version, veags a verb, is in need of rescue.

So often today, we are bombarded with conflicting messages that waste is bad, but that the choices we
make as consumers are at once our most powerful political [@0I, p. 162] It is news to no one that
consumer capitalism traps us in an impossible quamdwere we are enjoined to support the local
economy and simultaneously reproached for patterns of consumption that threaten the planet. We are

at once incited to spend and blamed for the consequences of our spending.

One common refrain amongst aftonsimerist advocates is the return to earlier patterns of living where
mass production and consumption were less present. | observe this tendency in what contemporary
radical Marxists call "degrowth," or the effort to live according to patterns other thapgieal economic
expansion[278]¢[280]. Degrowth and related antionsumer capitalist movements argue that the
ecosystems that sustain human, animal and plant life are fragile and about to reach an irreversible tipping

point. In a world of finite resources, it is unrealistic to build our economies and communities upon faith in
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unlimited growth. In popular culturejegrowth inspires people to pursue collective agriculture projects
and collective living arrangements, sometimes outside of-agtytres and the trappings of techno

capitalist modern life.

The appeal to reduce waste is perfectly logical. Economic pressiirge companies to increase revenue

at all costs. As a result, we find ourselves consuming without cause and generating waste without reason.
2 Keg dzaS I {gAFFSNM 6KSy L 0O2dA R dzaS | Y2LK 2 K®e

individual plastic wrappers, when alternatives could surely exist? Disposable products and superfluous

packaging are undoubtedly unsustainable. The same could be said of individual shipments from
ecommerce retailers, the kAnnual smartphone upgrade cycle, vehiclenanship, and so many other

modes of consumption, too.

The logical conclusion of aptiaste rhetoric is to justify all activity in terms of efficiency. Sensitive people
are the first to feel the weight of this line of thinking. It goes without saying dnatshould avoid certain
especially wasteful products, but where can one possibly fix the limit? The justifiable argument to reduce
waste naturally leads sympathetic people to question the value of all their actions in terms of consumption
and waste. Of aarse, singlause cleaning supplies are wasteful, but so too is everything else one does.
Burning gasoline in a car is wasteful, but so is ordering something online that will have to be shipped.
Raising animals for meat requires more water and feed thanh\jagetables, so that is undoubtedly
wasteful, but large scale agriculture, too, can be damaging to the flora and fauna. If every material
extracted and every consumable created is perceived as impinging on the sanctity of nature, then every
human activitypecomes marked with the blood of our ecosystem. Sustaining ourselves with food, clothes,
and comforts has undeniable environmental impact. Is having children wasteful, then, too? Concluding

that the world would be better off without humans is not far off.

This line of thinking is rational. If human life requires so many resources to sustain, and humans appear
destined to multiply in number and wasteful desires until we exceed the carrying capacity of the Earth,
then how can any of it be justified in term§efficiency and worthwhileness? From this perspective, every
action humans take and every desire we indulge may well be evaluated as wasteful, unethical, and
contributing to the destruction of life as we know it on the planet. The natural conclusiomisrry about

every action one takes, and to fear deep down that perhaps human existence itself is a blight upon our
heretofore pristine planet. All forms of expression and exploration above and beyond the maintenance of

life are up for critical analysignd further human propagation appears deserving of scrutiny. However
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well-intentioned this ecologicallyninded ethic was originally, it accidentally flattens some subtler

distinctions that deserves a closer look.

Anti-waste reasoning confuses the seri@ml imminent threat to the biosphere with an efficienlbgised

valuation of human behavior. By beginning down the road of dividing life into wasteful and justified
activities, we accidentally smuggle an engineetikg efficiency mindset into our assessmte of human

practices. Instead of focusing specifically on the damaging ecological impact of certain patterns of
O2yadzYLIiA2ys GKS YSydlt OFGS3I2NE 2F aol aisSe¢ | aaSNI
is unnecessary human activity. This aggmh inevitably discounts new forms of expression as wasteful

indulgences, as we shall see.

In contrast to antiwaste rhetoric, | would like to argue that waste is a subjective category that bears

further investigation. A deeper understanding of what ctsuais waste, and what does not, will help us to

Ft SakK 2dzi yS¢g azftdziaizya (G2 GKS a2adSYAO LINRBofSya
of human expression often start off looking like waste, so | suggest that we should be wary of jodging t

quickly.

From the position of efficiency, the visual arts, for instance, can look like an exorbitant excess. How can
one possibly justify the use of paint and canvas for painting, or of printing for photography, or physical
materials refined through chmical processes for sculpture, in light of the impending ecological
apocalypse? From a strict amtiaste logic, in which only survival and biological continuity is easily
justified, perhaps art is a luxurious excess. The case for art is still harderm, &og the outcome of
artistic expression cannot be guaranteed at the outset. It would be bad enough to make one painting, but
what if it is not even any good? Perhaps poetry, cinema, and music, too, are not sufficiently productive
activities to merit resurce allocation. If measured by the yard stick of radical conservationism it is unclear

which human arts are indubitably redeemabile.

Even language can look like waste, from a sufficiently critical angle. When we talk, joke, and write, we are
using surplugnergy to express ourselves and make new forays into the fields of ideas and emotion. To
pre-human creatures that could not express themselves, talking undoubtedly looked like waste. Why
bother with all that yipping and yammering? Yet today, humans speadly all of our time simulating in
language matters entirely disconnected from our immediate physical circumstances. Ecologically
unfriendly behavior threatens our biosphere, but there is something too imprecise in waste as an

evaluative and decisiemaking criterion.
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| believe that the concept of waste is in need of rescue, becenesning is wasteContrary to the now
prevalent view that waste will be our downfall, | believe that waste is the material basis of creativity. If
life can be said to have poose or value, it undoubtedly rests in those parts of living that are above and
beyond mere efficient survival. Indeed, the origins of human expression are found in activity that can
easily be mistaken for waste. The fight to protect the environmentthakes human life possible is about
protecting our capacity to express ourselves and relate, not to create maximally efficient living conditions
in which expression is permitted only if it can be justified by its forecasted outcomes. Consumption, waste,

andexcess are the very basis of human expression, in language and any other medium.

New forms of expression come from our ability to afford to waste, from language to computing. In 1993,

in an interview with Kevin Kelly foYired Magazinecomputer prognascator George Gilder argued that
Gh@SNJ GKS f1aG on @SINAXZ 6SU@PS aSSy (GNIXyarxadaz2Nm o
@l Odzdzy (GdzoSa G2 o0SAy3d @GANLdzZ tfte FNBS® {2 G2RIe&x
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When new echnologies turn something expensive into something very cheap, the significance of that

thing changes, and so too does the society around it. This is Marshall McLuhan's core observation in
Understanding Media: The Extensions of M@8]. When some human activity, like travel, goes from

being very slow, expensive, and dangerous, to beiag &fordable, and safe, then its meaning changes.

G¢KS NrAfgle RAR y20 AYUiUNRBRdIzOS Y2@SYSyid 2NJ GNI yalL
accelerated and enlarged the scale of previous human functions, creating totally new kinds ofndlties a

ySs6 (1AYRa 27F @2 NJL0] Fh¢ Rcorhofive didaniSidvent lordjstance travel, but its

invention introduced a step change in accessibility that transformed human relations by reducing the time

and difficulty of travelling between distant places. While a long distance trip justéocsomeone might

have looked wasteful before the train, such a trip became more understandable once it was invented.

This change in technology spurred unforeseen change in human relations.

If travel were to experience another step change in accessibilipking it significantly cheaper, faster,

and safer, then its nature would change yet again, and human life around it. Let us imagine a scenario to

make the point clearer. Today, the environmental costs associated with flying are making short trips
increasingly socially unacceptab]282]c[285]. If tomorrow, a company were to make available a means

of inexpensive, safe, and ecologically less harmful teleportation, it would undoubtedly be used in ways
GKFG ¢2dAd R 0SS O2yaARSNES Rhegkhodkineffeds of stich a step Rlag®ia Y S| a
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the medium of life are hard to predict. If teleportation were suddenly abundant, it might no longer be
unusual to send a loved one a hug in person. If we could teleport at will, then perhaps it would be normal

to grab a local ingredient from the other side of the world. If traveling were so transformed, its use might

more closely resemble texting than commercial flight. Popping in and out of spaces for altogether frivolous
reasons could become the norm, or cabtrte to new social practices that would seem bizarre today. Of
O2dzNES: adzOK | GSOKyz2f23& YAIKG Ffaz OFdzaS ySg T2
lifet externalities, as economists say. Nevertheless, with these historical and hypottetiraples, we

can observe that step changes in access can cause social norms to depart radically from those that
dominated during the antecedent era. Notions of waste depend upon assumptions of technological

availability and access. As these variablesgkhaover time, what is considered wasteful changes, too.

What one person calls waste, another might call a form of communication. When the value of human
activity is measured against the yardstick of efficiency, new forms of expression outside of thameorm
cast aside. Underground cultures and human interests that do not conform to the dominant ideology can
easily attract the ire of those for whom they have no personal meaning or value. Fashion, for instance, is
a very popular means of expression thahevertheless misunderstood by many as a sheer deleterious
vanity. Although many people enjoy to shop and dress up, the domain of fashion is an obvious target for
environmentallyconscious disdain, in part because it is not considered worthwhile. The sikmes
potential of feminized, racialized, and otherwise belittled patterns of living are not wasteful, just because
they exist outside of mainstream productivity narratives. A closer reading of fashion reveals why people
are attracted to the outputs of ecogically damaging industrial practices, and gives hints at practical

alternatives.

Fast fashion is perhaps the most derided branch of the fashion industry today. Zara and H&M are two
retailers synonymous with this fashion industry shift towards sellingdiarbasement versions of ripped
from-the-runway lookqd286]. These retailers borrow inspiration from haute couture shows with a heavy
hand and release their new SKUs to stores within a matter of weeks. Traditional fashion retailers produce
new items in a six to nine month production process. By conté&sta produces 20 collections per year

and sends new items to stores twice per wge87]. Fast fshion brands like these are regularly pilloried

for their low quality and relative disposability compared to more familiar fashion retailers and the luxury
brands whose styles they ap288]¢[290]. These clothes cost very little, are made poorly, and end up in
the trash quicker than ever before. Their low cost and cheap construction convince customers that they

are rot worth hanging onto or repairing.
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New onlineonly retailers have begun to threaten these market leaders with even quitkafastfashion

cycles. Like social media platforms, ultrafast fashion retailers test market demand online before ordering
produdion en masse. Their manufacturing processes are also sped up. ASOS takes products from the
drawing board to its online store in six weeks, on average, and Boohoo does the same in just two weeks
[287]. Missguided claims to bring products from concept to its webstore in under a[@8€k Internet
analytics allow ultrafast fashion retailers to integrate market demand much more closely into the
production schedule. Rather than set the trends, dhefashion retailers offer various alternatives of
quickly put together clothing visuals, and customer response on social media and online stores informs
which styles survive. Ultrafast fashion accelerates tailoring and sewing so that clothes look more lik
memes than ever before. Still the question lingers: why are so many people inclined to treat clothes like

visual culture?

Basic clothes are for warmth, but fashion is a means of expression. Garments can be more than just ways

G2 1SSLI 4 NI gehitdlR Like faiyGage2ayid@iputers, clothes can be a symbolic system for
creating, storing, and communicating information. Clothes can permit a person to express where they are

from, what they believe in, how they perceive themselves, and how they toamt perceived. They can

reveal things about the wearer that they did not intend to communicate, and they can lead viewers astray

in their suppositions, too. To the sartoriailyclined,clothes are parts of speech sophisticated social

contexts, whabne wears can express just as much as it can provide protection from the elements. A pair

2T alAyye 2Stkya 2Nl 2ySQa OK2A0S 2F akKz2Sa Oly O2YYc
to understand the place apparel has in human life if ieggarded as a representational scheme, or means

of communication, rather than mere vanity.

People are drawn to fast fashion because it expands their vocabulary. Viewed as parts of speech, the
human inclination to consume and discard clothes and other codities becomes less repulsive, and
easier to understand. People do not go shopping at H&M and Fashion Nova simply because they are
uncaring robots of consumption. It is perfectly human to want to buy and wear clothes that fall apart
quickly when clothes ara means of expression. Fast and ultrafast fashion put the eloquence of haute
couture within reach of the masses. Brands like Boohoo and ASOS give less wealthy people access to the
premium memes of luxury at an affordable price. If | buy a dress for §d 2vaar it twice, | am using the
clothing exactly like I might a sentence or a joke. In the present industrial moment, clothes are so

abundantly available that some people can afford to discard them after use.
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Buying single use clothes is a form of symslaavith the supply chain. In a so@oonomic moment of
abundance and low wage manufacturing labour, clothing is more available than ever before. A person in
a relatively weloff country does not need their clothes to last a long time, if the supplynaldi remain
reliably available to fulfill their demand in the future. Putting aside the environmental impacts of this
lifestyle for just a moment, it is easy to perceive yet another synchrony with network computational living.
If Google and Wikipedia aravailable, then memorizing becomes less important. So long as the fast

fashion supply chain is so financially incentivized, there will always be more clothes to come.

LT 6S T20dzaA 2y Tl akKAz2yQa SELINBEAA DSeslciné Bty view! f = Y2
Digital clothes are one hint at a future of an ecologically friendlier style of supply-bheked human

expression.

Despite the growing number of people playing video games, the concept of purchasing and coveting digital
clothes contnues to baffle the masses. For all those who are not yet invested in a particular digital world,
the idea of spending "real world" money on "virtual clothes" for an avatar is ridiculous. To me this

connection makes perfect sense and speaks to the truerpatficlothes in the first place.

Freemium games demonstrate that people already invest in virtual fashion as a means of communication.

In freemium games, which are also called ftegplay games, players can participate without paying any

upfront fee. Whle some games sell upgrades that advance a player through the story more quickly, recent
KAda KIFI@S LINBFSNNBR | FFEANBNI odzaaAySaa Y2RSft o DI YS
FYR 9LIAOQa C2NIYyAGS 2efstpérelydodnietic upgradedn dhesé games, theld® A RS
no competitive advantage to spending money. Nevertheless, players who spend hundreds of hours in

game develop personal relationships with other players, and establish a sense of self identity in that
proprietarya LJr OS® hy O0S Ay @SadSR Ay I 3IIFYSQa ¢g2NIRI LX) I &
dzyAljdzS® ! f i K2dzZaAK 02aYSGAO YAONRGNIyalOlAazy 3L YSa
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League of Legends generated $1.7 billion of revenue in 2018, while Fortnite earned $2.4 billion in that

same yeaf291], [292] These games sell exclusively cosmetic upgrades. For these reasorisr tqre

think of LoL, DOTA, and Fortnite as fashion brands that happen to also create the virtual worlds in which

their collections are available for sale. These wildly successful virtual apparel retailers redefine what it

means to be vertically integrated.
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Fashion houses like DOTA and Fortnite show that the same impulse to fashion expression can be enabled
with an entirely different supply chain. As life becomes increasingly entwined with online experience, it
makes perfect sense that the proclivity to sfxewith what one wears would also emerge in digital form.
Clothes are a way of expressing oneself, and that principle applies just as much in a virtual context as
offline. As our lives become increasingly connected with avatars and other digital repriésesitdahe
underlying virtual and symbolic dimension to human consumption is laid bare. Fashion is a form of
representation bound up with identity and social perception. Freemium games show that socially
sidelined subcultures may contain valuable insigim® seemingly unrelated domains of human

expression.

Meaning emerges from parts of life that can look like waste to the cynical. In this chapter, | have argued
that waste is a subjective category that is perhaps too imprecise a tool for evaluating svwatth
pursuing in a human life. Like network software applications, the supply chain is involved in identity and
memetic gestation. The supply chain produces parts of speech that people use to express themselves. The
abundant availability of new memes ekpression enables sometimes unforeseeable changes in culture
and values. Until we can accept that the supply chain is a symbol factory, as much as an object factory, it
will be impossible to imagine new interfaces and manufacturing techniques that rezblcgion while

leaving open the doors of human expression.
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Conclusion

In the introduction, | introduced this researcheationdissertation projectvith a fewguidingquestions:

How do technology, media, and abstraction relate? Howteskbnologies extensions of language?

Are new interfaces designed or discovered? How do computer and human labor relate in the
context of an interface? How does symbiosis with network computation feel? How does one
summon a network or grow an ecosystem? Hiwnovel interfaces and product forms become
socially accepted? How do networks change the meaning of art and design pralsines¥ork

making an art form®$’

Network computing shapes our understanding of the world and of ourseles arewe meant to

address this mediuphowever we choose to define ourselves professionally?

To answer these questions, | have attempted to bailevorld where it is natural to see in terms of
networks. This is a world grounded in timeentivemechanisms that shapthe irstitutions around us, in
which we must know the science and magic by which networks are born, strive, and Trrevgoal of
this dissertationhas been topresentnetwork computingas a subject of philosophical inquiry, artistic

experimentation, andubjective experience that is open to creative intervention.

To build this discursive world, thdissertatior@ five chapters and appendix providix analogical
perspectives on networks, computing, and experiendepfer 1providesatechnical and philosophbal
foundation for the textThis chaptearguesthat computation is a medium of abstraction, inside and.out
Chapter 2reframessoftware making for network audiences as a performance \ahere artists can
transform attention into resources to summon negcietyshaping network organism&€hapter 3 argue
that memes are networks and networks are memkeke memes, networkrganismanust compete in
fashion gameto become popular, and like networks, popular memesvide context for communication
between stangers Chapter 4 discuss¢he making of networks. Networks become more valuable as they
become more populated. To get growth started, history shows it helps to enable some transgressive
behaviour. Chapter &onnects the supply chain to netwotkmputation This chaptepositsthat meaning

is grounded inwaste and argueghat people treat mass producephysical goodsike parts of speech

whose value is primarily symbali@and so we return to abstraction, where we begdfinally, the

87 See page 14.
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appendix chad my personal researatreation journey working at the edge of fashion and camera

computing, a new frontier in abstraction design.

Each of the aforementioned sections contributes to a worldview. Our lives, beliefs, opportunities, and
suffering are incredsgly informed by orgasms much larger than ourselvégetworks unfold according

to the selfperpetuation mechanisms these organisms disco@er lives, values, and dreamae affected

in turn.l hope that the ideas presented above are interesting, @aiaing, and possibly inspiring in future

work.
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Appendix 1ResearciCreation

In the preceding chapters, | sited out five analogies for understanding network computing. Each of
these chapters addressed the subject from a distinct perspedilistraction, Performance, Fashion &

Attention, Making, and the Supply Chalin.each, | engaged the subject through ifgetual analysis.

In this appendix, | will present the researcteation projects with which the rest of the text has been in
dialogue. Appendix 1 charts mgsearch story from beginning to enthis appendix is split into short
sections, each of whichigtusses a period of research experimentationill draw connections to prior

chapters and provide new background information where necessary throughout this part of the text

The purpose of this appendix is to document the dialogue between thinkinkinmaravel, and
conversation that enabled me to write the prior chapters. This creative, multidisciplinary approach
constitutesthe sixthand final analogy for representing and thinkinghe language of network

computation.

Project Proposal

In my disseation proposal,l laid outmy reasoning for studying the design of interfaces to network

computationthrough researckcreation experiments

First, new communication technologies change cultural norms in ways that cannot be predicted before
their populaization. It is impossible to precisely predict how technologies will be adopethuse the
hardware roadmap alone does not indicate how people will use and abuse a given bundle of scientific
discoveries and human labour. For this reason, | chose to gethands dirty and reflect upon what |

discoveredmyself, in the hopes of finding something new.

Second, applications of new technologies are nevertheless grounded in the behaviours, tastes, and norms
that precede their popularization. Successful appligaiprovide comprehensible interfaces to unfamiliar
technologies. To be legible, a software design must be visible to the present day while catalyzing the
cultural change that invents tomorrow. With this idea in mind, | set out totheememesaround me to

imagine new product forms and experimental directions.

Third, novel technology packages are popularized through collaboration betweénctieators,their
earlyusers andthe environment. A product or technology package may correctly foresee the ibditita

of a new category of human behavior, but its cultural positioning can still fail to generate sufficient positive
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social interest to reach long term viabilifjo become parts of life, new product forms must build enough
memeticmomentum to becomeulturally relevantand socially acceptahl&Vith this in mind, | conceived
of my project asnetwork experiments. The work would have to becallaborationbetween me, the
informal group of early users who play with my prototypes, and the unanticipatageimtes | encounter

in my environment upon handling my own creations.

To expand and reflect upon teeconceptual arguments, | proposed design and iterate new network
interfaces, in both hardwarand software, and to document this firsthand experiennequalitative
autoethnographicstyle. Although my experimentation process employegjineering materials, such as
electronics components and 3D printing, my approacbre closely resembledn art practice than
engineeringoptimization. To avoid hewingpo muchto tradition, my project aimd to humbly find

meaning through prototyping, rather than chase prematurely defined functional goals.

I chose to focus my research experimentation on network cameras. At the time | started the project,
network cameras we poised to spawn the next generation of computing interfadedhe wake of the
smartphone wars, cameras, powerful SoCs, batteries, and networking harbe@a#l becomencredibly
affordable[293].88 To wit, on August 18, 2020n aPhone 5S-gnegapixel rear camera could be purchased

for $0.78 on AliExpresswith no minimum order quantitf294]. When paired with recenadvances in
machine learning, these affordable, high resolution sena@® perfectly positioned to enable previously
unimaginable application®©ur cultural associations with cameras are at present dominated by twentieth
century media forms: the picturand the video. However, image sensor data is entirely unlike chemical
photography processes. In a camera sensor, light is transformed into data. The ongoing renaissance in
machine learning has begun to unlock the potential of this image sensor data, aedrchers and

product designers have only just begun to explore the plethora of interfaces these substrates enable.

With the contemporary supply chain as a backdrop, | set out to explore interface making and meme
experimentation. Network cameras providecerwith a weltbalanced canvas. There was relatively little
prior art for such interfaces in everyday life, and so my imagination and that of my audience was not yet
polluted by expectations. At the same time, there were sufficient software and hardwanenas for

me to launch my experiments from the shoulders of giants.

88 SoC is an acronym for system on a chip, a device that integrates the processor, RAM, graphics processing, 1/0,
and other functions into single integrated circuit. SoCs have several advantages over ratiduiatives: they
can be smaller, more power efficient, and largely prefabricated solutions for building new computing devices.

145



| planned to begin by creating and playing with modest functional prototypes (toys) to uaddrste
material potential of nevbundles of components. Where product and industrial desgmight focus on
demographics or known forms of computation, | intended to embrace personal interest and collaboration
with the people around me with whom | shared my designs to find playful combinations that are
meaningful to real people. Through playdasharing these toys with others, | believed | could quickly and
intuitively orient subsequent iterations to address human behavior, rather than purely theoretical
ambitions. If an iteration struck me as fun or interesting, | put more energy into intarface could be

amusing and possibly even grow to be useful without attempting to solve presgnproblems headn.

With internetconnected cameras as my materigdnd openminded design prototyping as my
methodology,| embarked on my researetreation project. My goal was to see what | could learn by
performing new interfaces and building new product forms. My process began with an observation about

the present state of software development and a cinematic inspiration.

Ideological Lenses

Today, the maspowerful technology corporations intend to use their large cash reserves and dominant
market position to control the next wave of personal computing hardware, which they call virtual,
augmented, and mixed realityVR, AR, MR, or XR for shépple, Good, Facebook, Amazon, Alibaba,

and Tencent have all released or are known to be developing XR software and hardware services. These
projects span a wide range of physical scales. At the architectural secabezon Go stores replace cash
registers with machie vision cameras that monitor what each customer takes off the shelves and charge
their Amazon accounts automatically.living quartersscaledevicessuch as Google Home and Arh 2 y Q &
Echo and Alexa produatsse microphones and machine learning to deligoftware and product services

in response to speech and household souf##35], [296] Google Glass, Microsoft HoloLens, Facebook
Oculus, and the much rumoured Apple augmented reality products all point to the technology beh€moths
intention to bring similar technologies to glasdié® headmounted wearable devicg297]¢[301]. These

social, retail, software, and hardware powerhouses intend to use their advantageous positions in the
smartphoneS NI G2 ONBIFGS LI LMz | NJ RSOGAOSA | yR achandg I NB
hearing with layers of internenfused proprietary software. If companies like Apple and Google
successfully convert smartphone software services dominance to XR product dominance, then these large
profit-optimizing corporations will be in a pos@in to dictate how and what pgple perceive all of the

time. While people already spend many hours a day on their phones already, the power to place

proprietary software experiences directly in front of the eyes amthe ears marks an unprecedented
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level of influence over populadiscourse and experiencH.these corporations achieve their goals, they

will have privatized at least two of the five senses.

At the outset ofmy researchproject, | felt there was an urgent need for independent designers and
researchers take seriously wearalgeale hardware, camesas input devics, and cutting edge machine
learning software designs. Around me | observed many technology arts reseastitiestruggling to
adapt to the smartphone as a locus of human attention and cognition, despite it being already ten years
old at that time. | felt a sense of deep responsibility to conduct artistic and creative research experiments
in network making withsoftware powered internet cameras, because their presence in our Vixges

alreadybecoming increasingly frequerdespite the general lack of public awareness.

Although wearable cameras challenge preselaty expectatiors of privacy, | imagined that the
deployment of this technology by states and corporations was inevitable, and so perhaps the most ethical
option amidst the incoming wave of surveillance technology would be to give access to such tools to as
many people as possible 2016, as | preparedy first experiments, protests broke out in American cities
over police unlawfully killing of black Americans. During the protests, it came to light that fhalidead

once rejected body cameras as isixge of their workplace privacy, had begunewthusastically adopt

the technology. This shift in police department policy came in lpegebecausédody camera providers

had found ways to grant police departments and individual officers sameunt of control over the
recordings. Given the increasinglgnse political climate, | wondered if it might not be important for
protesters and political activists to have access to similar technology, so that a fuller version of conflicts

between the two groups might be known to the public.

Atthe sametime,lbega (12 O2YLI NB (KS (SOKy2f23& 2f A3T2L12f A Sa
2F GKS 62NIR gAGK {fl @22 %A1 S| Qa Theylyvdnr Ot ISWIPISANE DA
Guideto Ideology Zizek summarizes the film and provides an interesting analysis of his own. The movie
follows the protagonist John Nada, a homeless blue collar worker in Los Angeles who discovers a pair of
sunglasses that reveal the ideology underlying his surroundifen he puts on the glasses, colourful

media images and enticing marketing phrases are replaced by bold black text conreyimglirect

YS$aal38a 2F O2yF2N¥AGEd ! oAtfo2FNR F2NJ I O2 YLz &
depicting a womarNB Of AyAy3 2y (KS o6SIFOK 6S02YSa aa! ww, ! |
YE3FETAySa NBFR G{¢!. ! {[99t=¢ dabh ¢I|[802Dbllerbils I yR &

Ay GKS y8saaidlyR | idSyRIY( Q330X In théfilmi thedlasseperfadh & 6 ¢ 1 L

ideological critique for the wearer. The parallels to augmented reality applications areveddint, with
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the exception that AR applications will no dowdstd layers of ideologically laden media incardance
gAUK (KSANI LidzNI S &eepligednsdhiei@cinipRcent ghd $eiB guéistioning of their
authority.

Zizek useJhey Livelasses to explain ideologidbe unacknowledged assumptions embedded in our

belief systems and worldviews. Borrow another Zizekian analogy, in May 2003, then US Secretary of
Defense Donald Rumsfeld described the dangers of the unknown in the War on Terror. He explained that
GKSNBE INBE aS@OSNrt OFGS3I2NASa 2F (y2s6f Bhanatdved ¢ KSNB
1ly26d® ¢KSNBE INB (y26y dzy|ly26yade ¢KIFIG Aa G2 ale&sx i
FNB | faz2 dzylyz2é6y dzyly2é6yad ¢ KSNEB [303NBzekildekpbiatdd ¢S R2
2dzi 0KFG GKSNBE A& | F2d2NIK SLIAAGSY2t23A0Ff OFdGS3az2t
failed to define. Unknown lows, Zizek claims, are the most dangerous category of knowledge of all.

These are the things that operate within our thinking, but of which we are unaj@&3. These are our

ideologies; thaunacknowledgedssumptions that underlie our approach to the world.

Ly AT S|They Livejassésdravidé &model for understanding ideological agti@ur intuition

might be that ideology is like the lens of a pair of glasses that obscures our clear vision of the world. In

BLAT S1 Qa8 62NRa dliKAAZ LIBBIOPA ARSI RE UKS &AdNYIRES IX
not simply imposed on ourselves. Ideology is our spontaneous relationship to our social \Wwovidwe

perceive its meaning, ariil 2 [BOAlEC KS FTAE YQa It aasSa NBOSIE oKIFIG 6S

| became fascinated with® 2 dzE G I LJ2 & A G A ZTfey Riviglasgds an8 thef@rthconhirly Bse &f y
XR.What would a pair of XRhey Livglasses lookke as a consumer produtA fulHledged XR system,
with its sensing and 3D tracking displays, was well beyond my redebided to carve out a meaningful

chunk of the problem space. | began to experiment with cameras.

Prop Prototyping: Camera Props

Before deciding on the exact form my project would take, | began experimenting with my imagination
alone. In my sketchbook,tbok note of my intention to use objects that | already owned as if they
performed new and different functions. | call this approach prop prototyping and | call these particular
prototypes camera props. How might | hold my phone differently if it werestaorily streaming camera
sensor data? If cameras became wearable, how might photographic composition turn into more of a
dance practice? If the device were even smaller, where might | perch it to observe a scene? How might |

want to attach small cameras tay person or to the environmentPo begin to answer these questioms,
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filmed with my phone as if | were wearing a sensor, and | swung its lens across surfaces as if it could
capture textures. | kept a small USB battery in my pocket and pretended thas i& stanehlone internet

camera that could fit in the palm of my hand. By using existing electronics and other physical objects as if
they were sensing devices, | placed myself into an imaginary future where | could more easily dream of

new applications.
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Figure32 Sketchbook, June 17, 2016. Figure33 Still image holding the phone as if it were head
or chestmounted, July 3, 2016.
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Figure34Video still, June 9, 2016.
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intellectual property theft device. Although it had been in our pockets for years already, these portable
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ubiquitously connected cameras make it easy to capturgosindingg all that was missing was the
software to turn those captures into something special. What would it mean to be able to paint with
computationally enriched versions of the textures, images, and sounds | could grab with my phone? If |
could captue the image of a person, thing, any intellectual property, then surely sometime in the
future, software would be able to reconstruct or synthesize variations on the original subject matter. |
imagined architectural textures rendered in virtual spaces @hysical material, too. Camera props
helped me to ask new questions about data, software, and interfaces, and they lent me traction to begin

imagining new applications.

To take the prop practice further, | began attaching #onctioning camera modulds objects all around

me. First, | purchased dozens of inexpensive camera modules on AliExpress. When they arrived, | used
J3tdz2S FYyR GFLIS G2 FaGGdrOK GKSY (2 S@OSNERFIE 202S00ada
will life be like once cameras@&r SaaSy GAlff& FTNBSKé LT OFYSNI & Oy
no cost, how will our relationship to these objects and image capture change? | dangled cameras from a
baseball cap and affixed a pair of cameras to the eyes of an Alexander €dldeunlpture with a rubber

band. With these experiments | created my first Camera Hat and Camera Cat, which recurred in my
imagination and sketches for years thereafter. They exemplified two research trajectories that would
emerge with greater clarity ovdime: nonfunctional cameras that are aesthetic ornaments emblematic

of the supply chain in our time, and functional cameras that refactor our relationship to familiar objects.

| also attached a camera to the bridge of a pair of protective glasses aatbédrmy first¢ very roughg

camera glasses. The awkward apprehension | felt about wearing these decorative camera glasses around
others lent a visceral quality to the intuition that people would not appreciate being looked at by a camera

all the time.

Back Camera Rear Camera Module Replacement With Flash for Apple
= iPhone 5 5G

-~
@
$1 .78 From China
Buy It Now
v Free shipping

1589 sold
) Q
it i

Figure35 Screenshot of AliExpress listing, June2076

o
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Figure36iPhone 5 camera modules and shipping package, June 29, 2016.

Figure37 Camera Props, July 13, 2016.
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Figure39 Camera Glasses, July 8, 2016. Figure38 Camera Cat, July 7, 2016.
Through prop prototyping and imaginative play, | developed deeper ideas about how cameras and
machine vision would give newdifto existing objects. The fire extinguisher was one particularly
interesting camera prop. | began by affixing cameras to a mediamfire extinguisher. The surfaces of
the plastic nozzle cover and trigger made it easy to attach two cameras, one faeitagrget (the fire)
and one pointed up in the direction of the firefighter (the user). Even in this early state, the rough
prototype revealed that objects could record data about their application and their user at the same time.
The Camera Fire Extingliés could capture data about its functional application, such as where it was
L2AYGSREI (GKS FANBFAIKISNDRAE FAY FyR | OOdzN» Oesx | yR
aStrygKAf ST (GKS aStFAS OF YSNI OmgladaRr abli® deiNikeial § KS  dz
expression, posture, and the environment around them. The same ideas could be applied to any object.
/ 2dz& R I &aS4 2F OFYSNYra Ay | NAyYy3I FINRdzyR | LISNERZ2YC
auditory stimuli causehem to take a sip? The camera prototypes had unlocked a greater degree of

sophistication in my speculative design thinking.
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Figure40 Camera Fire Extinguisher, July 13, 2016. Figure41 Speculativgiamification of fire
extinguising or training software, July 13, 2016.

While | pursued dreams with prop designsirhultaneously immersed myself in testing new camera
software applications. | played with 3D photogrammetry software, which reconstru8is scene from
stillimages, video, or LIDAR data. | researched how Tesla presents drivers data from their suite of cameras,
which had only rudimentary setfriving abilities at the time. | also used and misused a free plant
identification iPhone app to sd®w popular machine vision software degrades in adverse situations, and

to explore opportunities for memetic intervention.
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Figure43 Screenshot of photogrammetry software Figure42 Screenshot of Tesla main console software
displaying a scanned model, July 2, 2016. June 30, 2016.
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cleistocactus strausii narrowleaf dysch

Figure44 Screenshots of plant identification software output given two inputs: a meme of a cactus with faces drawn on it and a
picture of Rick JanseJuly 4, 2016.
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Figure45OpenCV edge detection on Android, August 9, 2016.

While searching for interesting camera art supplies on AliExpress, | came across a $14 50x optical zoom
USB microscope. Despite its modest zoom factor, | was amazed that | could purchase a digital microscope

so inexpensively. | bought the microscope andde investigating the barely visible world. | looked at

plants, LCD displays, anodized aluminum, my bleached hair, skin, tattoos, bugs, and fabrics. The
YAONR&O2LISQa OFYSNY sl a fSaa GKFy G2 YS3IAFLAESE axZ
made it completely unlike the more expensive and higher megajuigeht cameras in my phone. | took

most of the following images with the microscope attached to my computer, but | later discovered
adapters that enabled me to use it in conjunction with an vuidi phone. By playing with the device, |

learned and internalized that microscopes are network cameras, too. Zoom factor is one more variable

available to the network camera maker.

155



500X Digital USB microscope with 8 LED lights adjustable electronic biological micros
cope magnifier 50X-500X

A K 4.6 5Reviews 9 orders

PRICE: US $9_92 Starts in

Add to cart now & order later for discounts Ed[a:E):

US $10.23 us$1550 %

Quantity:
[ Additional 3% off (3 pieces or more)
19751 pieces available

Shipping: US $4.91
to Canada via AliExpress Standard Shipping v
Estimated Delivery: 15-30 days ®

- . )
.ﬁ % % ; ‘ u 90-Day Buyer Protection Q) Free Return

Money back guarantee Return for any reason within 15 days

Figure46Screenshot of an AliExpress listiogthe same microscope from another provider, August 22, 2020.
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Figure47House plant leaf 200x Figure48iPhone display 50x optical Figure49iPhone display 200x
digital zoom, August 5, 2016. zoom, August 5, 2016. digital zoom, August 5, 2016.
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Figure52 Tiedye tshirt 200x Figure50Bleached hair 50x __ FigureS1 Anodized aluminium
digital zoom, August 5, 2016. optical zoom, August 17, 2016. iPhone 200x digital zoom, August 5
2016.

My experiences with the small camera props and ideas about texture capture pushed my thinking in the
direction of Chicklet Cameras, or very small battery p@derameras. During my researclijscovered

computer vision journal articles about 4D reconstruction from multiple camera af@0&$, [306] This
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early technologyresearchindicated that soon, one might be able to recreate a living 3D scene from a
handful of cameras in a room or outdoors.tNmly could these cameras be used to create a 3D model of

the space, they could also reconstruct the space and its contents over tihus the fourth dimension.
Although the technology was ultimately out of reach, | repeatedly imagined tossing a hahGhilcklet

sized cameras into a space to capture its contents in 4D. | presumed that such 4D cameras could do their
reconstruction in the cloud, or on a beefier device on the local network, however | wondered if the camera

hardware itself might need a mearior pointing down at the scene, not only up from the floor.

| sketched variations on the Chicklet Camera concept with different fasteners. | imagined one version with
elasticized rubber bands embedded in the backside, which was inspired by the Ul&ottB speaker
design. Another variation had a hair clip style snap clip on its back. Others featured suction cups, Velcro
backings, magnets, ball joints, and kickstands, like a bike. | ultimately decided that the chicklet form factor
was too ambitious dr a first prototype, but | found the sketching process inspiring and productive,
especially as | began to imagine new form factors that would make sense when paired with forthcoming

machine vision software capabilities.

L

Figure53 Skettibook fasteners, July 16, 2016.

While | sketched my first ideas during the summer of 2016, Niantic Labs launched Pokémon GO, the hugely
popular augmented reality smartphone game. A friend became obsessed with the game late that summer

and played onstantly while taking breaks from other tasks. | found the game disrespectful of my time; its
FGGSYydAz2y 2LIWAYATAYy3a RSaAdy RNBOS LI FeSNE (G2 3INRY
of playing the game, | decided to cynically beatigbit KSNJ YSIF yad L R2gyf2F RSR (K
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onto my computer, and delved into its gutsSince Pokémon GO players were essentially devoting huge

portions of their time to unlocking 3D models of Pokémon, | decided to extract the whole set of available

OKI N} OGSNBE +Fta AYF3IS FAESa 2y Y& O02YLIziSNX» L AYLR!
way, | was able to catch every single Pokémon without ever playing the game. Of course, the fun of the
game comes from the tension and anticipation of skpwarning each fantasy animal. While catching a

Pokémon technically means changing a single value in a cloud database somewhere, the emotional
involvement in playing requires that one not cheat the system as profoundly as | had. Again, | made

progress undestanding the value of imagery, data, and interfaces through a practical exploit.
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Figureb4 Screenshots of Pokemon GO, character assets exfiltrated from the Android APK, and imported to my iPhone Camera
Roll, August 9, 2016.

Machine Learning Against Humanity

In the summer of 2016 | traveled to Vienna, Austria to research how machine learning would affect arts
and design practices. | attended the Nucl.ai machine learning arts conference and interviewed a few
machine learning pctitioners about their presentations and craft. The research project was funded in

LI NI o0& GKS aAfASdzEQa ¢SEGAfSAE FyR aldiSNAFtfAGe Ly

Although machine learning was already an old discipline, the latest crop of deep learning texshniq

which drew upon larger data sets and more powerful graphics hardware, had begun to show promising
NE&adz §ad ! £t SE Wo / KIFYLI YRIFENRQE bSdzNIf 522Rt S LINR?2
could be transformed into Impressionist paintingghastyle transfer technique307]. In Neural Doodle,

the user paints a rough scene with a handful of colours int@nface reminiscent of Microsoft Paint. The

8 APK is an Android Application Package, or Android app executable. APKs are equivalent to EXE on Windows.
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ML software then transforms the rudimentary work into an image in the style of Renoir, or another

painter.

Upon my return to Montreal, | found myself wondering how best to dream about new machine learning
applicdions while the tools remained difficulto appropriate. Anyone paying attention could see that
these technologies would reconfigure our ideas about computation and media. How could | get an
imaginative handle on a technology so difficult to grapple witleatly? To begin to dream in machine

learning, | made myself a thinking instrument.

Machine Learning Against Humanity (MLAH) is a toy designed to help players imagine new applications
for machine learning. MLAH is composed of a set of laser cut tilels.tiais emblazoned with a word or
phrase. There are verb tiles, which represent high level machine learning capabilities. These are words
and phrases such as recognize, synthesize, transfer style, and automate. There are media tiles, with names
like tex, speech, gesture, and face. There are hardware tiles, such as camera, vehicle, projector, and
earpiece. There are also adjectives, such as immersive, ambient, and the rather wordy phrase
GAYSELISYaAOS Sy2daAK G2 6 &G Bsidr materidlslatd®ngani®MsSdudh S R |
as glass, ceramic, tree, and ecosystem.

MLAH is more of a toy than a game. There are no rules, points, or win states in playing with the tile set.
MLAH can be played with alone or in a group. In experiments playithdriends, | have found that it is

fruitful to place around 17 tiles on a flat surface like a table or the floor. Players can do as they please:
match tiles into funny or interesting chains, create two dimensional figures (like crosses or abutted words
in scrabble), or stack them together according to some taxonomy. Although | created the tiles according
to a few categories, there are no differentiating marks on them, and so thinking flows fluidly without

constraint.

The purpose of MLAH was to spur mwn thinking and to perhaps help liberate others to imagine new
and unexpected collisions of machine learning with the rest of life. Rather than resort immediately to the
sometimes dry and alienating mathematical and computational abstractions, MLAH agesuplayers

to dream of applications first. Anecdotally, | found the most exciting moments playing with the set were

6KSy 2yS LISNB2Y FRRSR F GAtS G2 y230KSNJ LISNBE2Y QA
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Figureb5Machine Learning Against Humanity in use, June 15, 2020.

Camera Glasses

As Fall turned to Winter, | narrowed my focus to building a pair of camera glasses. | remained convinced
that it was important for creators outside of the major technology companies toesddthe impending

XR boom. Augmented reality glasses were still a major scientific research project at large companies, so |
decided to focus my energy on camera glasses, instead, as they were a more approachable piece of the

larger XR problem space.

| aurveyed the market for materials to prototype the glasses, and was surprised to discover that there
were no great options for prototyping camera hardware. | did not feel personally equipped to address the
problem myself, but it seemed to me then, as it dorow, that there ought to be a great camera
prototyping platform, like Arduino is to physical computing projects. Nevertheless, | chose to focus on the
camera glasses and use the best available hardware solutions to begin thinking up new productaindustri

and software designs.

Once | had chosen to make camera glasses, | was able to decide on the specific hardware components |
would use to build the first prototypes.considered using low cost secehdnd Android phones as a

hardware stack, but | ulthately opted against this option because Android was a less approachable
ecosystem to learn for the type of projects | intended to pursue, and perhaps even more importantly, the
LIK2ySaQ NAIAR t/.a YSIyd GKIG L ¢ged beth&kend) Shose todzO| 6 A

use a hardware stack consisting of a Raspberry Pi, the 8 megapixel Pi Camera v2, a 500 mAt03.7V Li
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battery, and an AdaFruit PowerBoost 1000. The Pi and Pi Camera were the heart of the project, the battery
would make it mobileand the PowerBoost boosted the 3.7V battery to 5V and provided easy charging
over MicraUSB. | used a Raspberry Pi 3 Model B+ as a software development kit, because it is a faster
computer, then | transitioned to the Pi Zero W for the final productiorsiger, because of its smaller form
factor. | chose to use this hardwastackbecause it provided a wedlupported easy entry point to camera

prototyping, which was important given my limited experience at the time.

All cameras

W4 nexus 5 - like new W4 nexus 5 smashed W4 sony xperia

Figure56 Testing streaming applications with second hand Android handsets, July 8, 2016.
I built my first version of the prototype very quickly. | had an inexplicable fascination with the idea of
putting the camera on a pair of shutter shades first. | was interestgalitting the relatively high tech
components into a frivolous, parijke packagé ' yR GKS ANRye& 2F R2Ay3 a2 ¢
aKFrRSaé¢ ¢l a FYdzaAy3as (220 !''a az22y | & Ilobsduledthelddzii G K
¢ S NB Ndxtao mdch.d fuickly iterated to more understated metal frames, to which | affixed the

camera withtape.
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Figure57 Shutter Shades, October 3, 2016. Figure58Image of iPhone
selfie camera feed in
iMessage, captured from the
Shutter Shades prototype,
October 3, 2016.

S animation gif (1024x7.

Figure60 Camera glassewith metal Figure59Image of camera glasses
frames, October 6, 2016. video playing back on Raspbian on
the Raspberry Pi 3B+, November 6,
2016.

Camera prototyping projects exhibit the unusual property of documenting themselves. Naturally, the first
images | captured with the Shutter Shades and subsequent camera glasses were pictures and videos of

the glasse output, itself As soa as a prototype was working, | would ta&epicture of the screen on
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which | had programmed the device. | also made the obvious observation that, when one walks around
the world with camera glasses, every mirror becomes a camgm.ihto the habit of taking my working
prototypes on a walk to the large mirror in the bathroom down the hall, or pulling out my phone and
switching it into selfie mode to capture a satisfying picture or video to document the progress. It felt new
and alittle bit magical, because it both augmented the experience of using my ghseifie cameraand

it exceededi K S  LJEapabifti€sidn some respects.

As soon as | got a working version of the basic camera glasses, | began showing it to friereislibsits

iteration, | riggedhe glassesip to simply broadcast the live video stream to a screen. At a small house

party, new initiates had fun plugging the live camera output into a projector, then playing with video
feedback. They pointed it at theihpne cameras, and took pictures of the results. Others spontaneously
suggested adding pink eyelashes to the glassemore adventurous aesthetic compared to what | had
previously considered. Encounters with the public showed that the glasses could efjagely SQa Ay G SN

when the design leaned into fun and playfulness, both aesthetically and functionally.

Figure61 Still images of a person wearing the camera glasses, looking at their phone, with the projected live image of the
camera glasses feeding back in the background, October 27, 2016.
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Figure63Early battery powered camera glasses prototigst with Leila, January 23, 2017.

Figure64 Early battery powered camera glasses prototype test with Leila, January 23, 2017.
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In November 2016, Snap, the parent company of Snapchat, released the first version of its Spectacles
camera glasses to the market. Despite their winter launch, Spectacles exuded a fun summer feeling.
Instead of making high end wealt-day glasses, Snap had opted to create sunglasses only. They sported
a single button for taking pictures and videos, andoaitward-facing ring of LEDs in the frames alerted

interlocutors when the wearer captured images.

Although they failed to become a popular product, Spectacles marked a significant shift in hardware
product marketing. Instead of presenting their glassesaasApplelike platonic ideal of face worn
computation, as most competitors had done to that point, Snap wisely opted to pitch Spectacles as a
nearly disposable computer device fit for chill trips to the beach. Spectacles product marketing embraced

the paSy it oONI} YRQ&A &2dziKFdA &aSyasS 2F FNAG2fAdGE | yR L
AYIFNILK2yS SO2aeaidsSyqQa RSFEFOA2YyINE STFFSOG 2y (KS
systems on a chigspectaclesaunchedwith a brilliantvending machine buzmarketing campaign that

made the glasses a scarce object of desire.

5SaLIAGS GKS&AS LINBAOASY(H LINPRAzOG YINJSGAy3a RSOA&A2:
These charming wearable computers worked exclusively with the cBaampp. There was no way,
whatsoever, to execute anything but the predefined functions built into the glasses, and no way to
interface them with software other than Snapchdthis meant that wearers were limited to taking

pictures and ten second clipspéthat they would be obliged to open their phone before syncing them

and sharing them at all’hese were not just camera glassthey were Snapchat glasses, and that meant

opening Snapchat all of the time.

Figure65 Screenshobf Snapchat showing me wearing a pair of Snap Spectacles, July 31, 2019.
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Snap Spectacles emboldened me in my vision of buildiefigeence design for a morer-less open source

pair of camera glasses. | imagined putting together a set of 3D modelsifitingrthe glasses frames, a

bill of materials with the relevant Raspberry Pi parts and accessories, and an instructional guide for
assembling and programming the device. Although | never completed this aspect of the project, | continue
to believe that itwould be relevantinteresting and possiblyseful toanyone wanting to film frontheir

own perspective. There are a handful of similar builds on Instructables and YouTube, but none is
sufficiently fleshed out or well designed to make a decent pair cfsgieithat are both easy to fabricate

and comfortable to use. A thoroughly thought through open design could make DIY camera glasses a fun
weekend project by simplifying the many decisions and software integration challenges into a
prepackaged guide. If engh people found the design compelling and built it themselves, then the DIY
hardware community would be better positioned to create a layer of free and open source applications
atop said camera glasses. A simple reference design would transform readilgbbes hardware
components into a promising hardware platform for software application prototyping. It would be very
interesting to see what changes and updates people in the Raspberry wearables community would invent,

once a starting point is laigut clearly in an instruction manual and video guide.

Working on the camera glasses taught that other people may need to sespecific usecase examples

to understand the value of a new technology product fonvihen | mentioned that | was working on
cameraglasses to noitechnologists, | was sometimes met with smirks and questions asking if | had
untoward intentions for the project. | was amused and a little uncomfortable with the association
between camera glasses and surreptitious filming. One of the fear csecases that emerged through
these conversations was that a pair of camera glasses would allow artists and makers to document their

work while their hands were full. This explanation clicked with creators

| began prototyping the glasses framestla¢ same time that | began interning at the Fab Lab du PEC.
Raphaél Demerghe lab manager, introduced me to the laser cutter, and showed me how to use its
cutting and engraving functions in tandem to create a basic acrylic enclosure for the Raspamyera.
Todraw my first pair of glassetfound an open source aduh for Blender that generates frames based
on a handful of dimensional parametef308].Unfortunately, the adebn generated frames did not
include thetemplearms. | was not yet sufficiently skilled at 3D modeling to modify the frames to add arms
or a slot for holding the Pi Camera. Nevertheless, | decided to prog@hdprinting the halffinished

design in order to move frorpure ideas to something | could hold and evaluate with my senses.
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| used the adebn to generate a model, then printed it on a 3D printRaphaéhlso showed me how to

use the CNC mill to mill a version of the glassames out of a block of hardwood and a thick chunk of
clear acrylic. The 3D printed version was the easiest and quickest to fabricate, but it did not look very
attractive. | was very impressed by the definition of the CNC milled wooden frames. Thaaildar

frames looked interesting, but were not as cleanly cut as the wooden pair. The CNC versions also required
supports to hold the frames during the milling process, which meant they would need to pass through a

lengthy and potentially challenging ha&rfinishing process.

Figure66 Laser Cut Acrylic Pi Camera  Figure67 3D printing glasses frames prototype, October 20, 2016.
enclosure, October 6, 2016.

Figure68Wood andacrylic CNC glasses frames Figure69 Acrylic CNC glasses frames prototypes with 3l
prototypes, October 26, 2016. printed arms added later, May 25, 2017.

| added buttons and software to allow the user to interact with the camera glasses without plugging the
Raspberry Pi into a display. | created a Python camera glasses operating system, of sorts, and set up the
wl aLJBSNNE t AQa& [ Ay driy ptodgramip@ bodt. daoiyuretieAc@ripiteit@lausich | NI
in headless mode to save power. To add the buttons, | first plugged them into a breadboarsh@nd
switched to soldering therto solid core wires, whichsoldered to the Raspberry Pi Zero W (tieadler

version of the Raspberry Pi).
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