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PHILOSOPHY AND COMPUTING, EACH READ THROUGH
THE OTHER

Fifteen hearings on one shared question — what can be known, said, and done by
rule — argued twice, by philosophy and by computing, until each discipline answers
in the other's vocabulary.
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How this book is built

Fifteen hearings, framed by a chapter that sets the courtroom and one that closes
it: principles argued with dates, names, and sources, not a survey. Part I (chapters
01-08) puts computation on the stand and lets philosophy question it; Part II
(chapters 09-15) reverses the benches. Read straight through to watch the case
build, or open any hearing on its own — each chapter's first line places it in the two
courts, and its Connections section says which chapters cross-examine it.
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THE MAP

CHAPTER 00

The Map

P
LLAUN

This chapter is the courtroom itself — the two benches, the rules of examination, and
the standing of the witnesses. Every chapter after it is a hearing.
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Why are philosophy and computing the same project, separated at birth?

Usgerunsawrandulasinisipeaiuignuennisiuausiin vl

For three days in September 1930, the limits of reason were argued twice in
the same town by people who did not quite hear each other. The Second
Conference on the Epistemology of the Exact Sciences met in Konigsberg
from 5 to 7 September; John von Neumann came to present the formalist
case for securing mathematics by finite mechanical means (conference pro-
ceedings, Erkenntnis 2, 1931). On the last day, in a general discussion, Kurt
Godel let slip — off-hand, almost in passing — that he could exhibit arith-
metical propositions that were true and unprovable in the formal system of
classical mathematics. Von Neumann understood at once what had just
been said (SEP, Gddel's Incompleteness Theorems). The next day, 8 Septem-
ber, a few streets away, David Hilbert closed an address to the Society of
German Natural Scientists and Physicians with six words later cut into his
tombstone: Wir miissen wissen. Wir werden wissen. We must know. We shall
know.

Fasrinveaanagnldudsansaddluiionfivafuneluamiuveaiiou
fugneu 1930 TneauiiunulaildBuiuias msuszguassiiaorindenyiaive
YOIINYIAIEN5LIIUATI (Second Conference on the Epistemology of the
Exact Sciences) dniiaafinduusn Yufi 5 fls 7 fusou veviu wou uosiiutin


https://en.wikipedia.org/wiki/Second_Conference_on_the_Epistemology_of_the_Exact_Sciences
https://en.wikipedia.org/wiki/Second_Conference_on_the_Epistemology_of_the_Exact_Sciences
https://en.wikipedia.org/wiki/Second_Conference_on_the_Epistemology_of_the_Exact_Sciences
https://plato.stanford.edu/entries/goedel-incompleteness/
https://plato.stanford.edu/entries/goedel-incompleteness/
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iuadeldudeihenasiiadad (formalism) adinaansasuldaeisidana
Tndfin (s1e91un1sUsEa, Erkenntnis 2, 1931) Sugaving TursedusieTaly
AN tnahangauIneanuaee) Lﬁami‘]uﬁmmuq ANV AAIUTZNAUNIG
wvadaiiduaiaudfigadlailaluszuusuiis (formal system) vosndinanans
aanadnld Weu ussiutidlaviuitinisfiezlsgnuasenun (ansynsu
Usaeyraununasn (SEP), Godel's Incompleteness Theorems) 5’u§'q§u 8
fugneu veluldfauy wia Bauuiviauignadeaunautindngimans
ssIuTIRLATUNNELR I sUTdBuNAITinIENAIgNARNATUUNRUANYBILYT:

Wir mussen wissen. Wir werden wissen. L‘J’Iéfadf::f Li'm:::i;

The remark and the vow were about the same thing, and the remark won.
Hilbert's program was not arithmetic housekeeping; it was a philosophical
wager — that every mathematical question is decidable, that certainty can
be made mechanical (SEP, Hilbert's Program). Godel published in 1931 and
the wager was lost. Five years later the rest of the answer arrived, and it
arrived in the shape of a machine.

AmaalniuAUfuanatasesfediu uazAmaalinvue lasin1svess
awusnlilyaudiunisavadn SuAen1swiuBusyey — 1MNAIUNA
adinAansAinauld (decidable) IAnunusuyinlidunalald (SEP, Hilbert's
Program) tnatfafiuiut 1931 awiiufud ddUlinds Ameuduiiwdeun
= 4 o

fv ulusuvennsesing

That project was already two and a half centuries old. Gottfried Wilhelm
Leibniz spent his life on a device and a dream: a characteristica universalis,
a notation in which every concept decomposes into primitives, joined to a
calculus ratiocinator, a rule-system for computing with them. The point was
not tidiness but peace. "The only way to rectify our reasonings," he wrote,
"is to make them as tangible as those of the Mathematicians, so that we can
find our error at a glance, and when there are disputes among persons, we
can simply say: Let us calculate, without further ado, to see who is right"


https://en.wikipedia.org/wiki/Second_Conference_on_the_Epistemology_of_the_Exact_Sciences
https://en.wikipedia.org/wiki/Second_Conference_on_the_Epistemology_of_the_Exact_Sciences
https://plato.stanford.edu/entries/goedel-incompleteness/
https://plato.stanford.edu/entries/goedel-incompleteness/
https://plato.stanford.edu/entries/goedel-incompleteness/
https://plato.stanford.edu/entries/hilbert-program/
https://plato.stanford.edu/entries/hilbert-program/
https://plato.stanford.edu/entries/hilbert-program/
https://plato.stanford.edu/entries/hilbert-program/
https://plato.stanford.edu/entries/hilbert-program/
https://plato.stanford.edu/entries/hilbert-program/
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(Wiener, Leibniz: Selections, 1951, p. 51). The Latin is one word: calculemus.
He also built the hardware: a hand-cranked calculator that multiplied and
divided, one specimen of which surfaced in a Gottingen attic in 1879.

TassnsuuAniiuaesanissuasiaguda nevvinin daddu laddelddin
wiTinfugunsaituniiauaganuilunile: characteristica universalis 52Uy
dySnualinnuluimiunaniandunieiugiu sewdiu calculus
ratiocinator szuungﬁm%’uﬁmamé’awﬁaamei'lﬁ?u Whuanglalymnudu
suiou uifeduinm lwdsui mafeafiesufinisTimauaveasliignie
vinliifududesldogiithadinenansvin ineliisuiiunnuiianainvesiies
Tundus uazidleAuassauinniu sAesuendt wduaiuda lides
mﬂw%’qﬁia ua2931lAsgn (Wiener, Leibniz: Selections, 1951, p. 51) Tuaw
azAusiuAesuiea: calculemus snsauafiunfasne — inTesAniauvuiiofinn
wazmslé fauilaluatuananeddudaiiiniadulud 1879

The line from that dream to the machine on your desk is not a clean one.
George Boole did not learn that Leibniz had anticipated parts of his algebra
until more than a year after The Laws of Thought (1854), when Robert Leslie
Ellis pointed it out. Frege, by contrast, invoked the calculus ratiocinator by
name and claimed the inheritance deliberately (SEP, Leibniz's Influence on
19th Century Logic). The dream was rediscovered at least as often as it was
handed down — itself evidence for this book's claim: two disciplines keep
arriving at the same idea because they are working the same seam.

dunisnanuiutuiuasesdnsuulizanling aasa yalujiaednlaviy

¢ a ¥ 1 2/ 1 VR a =& o [
AIANISAINSAAAYEAYT LI UNEILLEY Nd1azdNRunllaUnas The Laws of
Thought (1854) nauilsiise aad toadadlig sinnduiu — wiseds
calculus ratiocinator A54¢ wazsunsANtueE19adla (SEP, Leibniz's Influence
on 19th Century Logic) anuiuilgnaunulnivesliuigndesie uaziuiesds
AN IUVBITBIAURNAN ULANT: ADIAIVIUITIAMUAALAINUATILEIATIE"
WS 1ETIAYAAZLTULRE I


https://publicdomainreview.org/essay/let-us-calculate-leibniz-llull-and-the-computational-imagination/
https://publicdomainreview.org/essay/let-us-calculate-leibniz-llull-and-the-computational-imagination/
https://publicdomainreview.org/essay/let-us-calculate-leibniz-llull-and-the-computational-imagination/
https://publicdomainreview.org/essay/let-us-calculate-leibniz-llull-and-the-computational-imagination/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
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The seam runs like this. Frege's Begriffsschrift (Halle, 1879) supplied quanti-
fiers, and with them a logic strong enough to carry mathematical reasoning
rather than merely classify syllogisms. Russell's letter of 16 June 1902
showed that Frege's foundation contained a contradiction. Hilbert and Ack-
ermann's Grundziige der theoretischen Logik (1928) posed the Entscheidung-
sproblem: is there a procedure that decides, for any statement of first-order
logic, whether it is valid? Godel answered a neighbouring question in 1931
with a no. Then in 1936 the Entscheidungsproblem itself fell twice, inde-
pendently: Alonzo Church in April (American Journal of Mathematics 58:
345-363), and Alan Turing in a paper received 28 May.

azuTuAuLUUl Begriffsschrift waainsin (Halle, 1879) TiaausUsuna
(quantifier) 11 uazASINANARSNLTINBITUUNNS IRANANADINAERAS ol
TauAsuundaladdu (syllogism) annunevasiaad asiuil 16 figuiey
1902 wana3sngIuvaansindvednudsaginslu Grundzige der
theoretischen Logik (1928) vasBanusniusanasiuine
Entscheidungsproblem (Jaymnisiadule) Fuan: finszurdsisnaulaluy
Ideanulag lunssnenansdudunils (first-order logic) auvnaunanielal
inaRanaumatndnaAeslul 1931 91148 U 1936 #7 Entscheidungsproblem
\sduasanInss TnsauaesAuitlildinusiuiu: sasuly @ Svludiou
¥ (American Journal of Mathematics 58: 345-363) uagaau M239lu
unauiisuliidle 28 wguaiax

Turing's method is the hinge of this whole book. To prove that no procedure
exists, he first had to say what a procedure is, and "mechanical" had never
been formally defined. So he defined it: an idealized clerk with a paper tape,
a finite set of states, and a table of rules, and argued that this exhausts what
any human computer following fixed instructions could do. The universal
machine, and therefore the stored-program computer, is a by-product of



THE MAP

that argument. Nobody was trying to invent an industry. Someone was try-
ing to settle whether reason has a decision procedure, and the computer
fell out of the proof.

IBUeIIRUINNUVBIIANT azgaudlilinsyuIuISegase lwIResuen
Tnldneuiinszuinisheesls uazA1dn "Wanaln" luweditenndumanisun
Ao 1w1dadienues: ialeulugauai Hnunszany @n1uzdUIUTINR A5
NNIERTN wazladnwinlinseunguN g 1INULENAIAMUAIAINEE
¥ild 1aSesana (universal machine) uazaauiamasuuulusunsunuludy

[ v £ vy v & 1 a Y
(stored-program computer) L Uunanasgldvostalaudsiu LifilasAnaznons
guanssu lauauntaneneugffaiudmanaiinsyuiuisanaulansely

WAIABURIADSNINAUDDNUIINUNEY

The estrangement came fast, and it was institutional rather than intellectu-
al. Turing published the founding paper of computing in a mathematics
journal, then in October 1950 put the founding question of machine minds
in Mind, a philosophy journal — one man, two faculties, fourteen years
apart. By the time the first Department of Computer Sciences in the United
States was created at Purdue in October 1962, it was established inside the
Division of Mathematical Sciences: the new field took the machine from
mathematics and left the question with philosophy (Rice & Rosen, Purdue
CS history). Departments are cheap to found and expensive to bridge.

AuwUanien (estrangement) 11157 wasananaantu laildananuda
WhssRnuiunanudesdvnsiualunsasadindans neduiou
Aa1AL 1950 IwLeAauReReEeIdnvauA3asinsluas Mind Msansusvan
_ awiien desay veRududl wemaduiinenisnouiames (computer
science) wiiausnuasansg watuiinsgluifounanau 1962 fugnansliléie
nemaniadinmand: awnlninduiasesinsluanadinanans udaiam
aulAfuUSuay (Rice & Rosen, Purdue CS history) c?ly’m'm"}znﬁf’ugﬂ \Hauna
St


https://www.cs.purdue.edu/history/index.html
https://www.cs.purdue.edu/history/index.html
https://www.cs.purdue.edu/history/index.html
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Each side then forgot something the other was holding. Computing forgot
meaning. Claude Shannon opened information theory in 1948 by setting se-
mantics aside — "These semantic aspects of communication are irrelevant
to the engineering problem" — an honest bracket, exactly right for building
telephone networks. But a bracket held for eighty years hardens into a
metaphysics, and a field that measures information without meaning even-
tually builds systems whose behavior it can quantify and cannot interpret.
Philosophy forgot feasibility. Its standard epistemic agent knows every
consequence of what it knows — logical omniscience, a creature no re-
source bound permits. Whole arguments about knowledge, rationality, and
belief were built on an agent that could not be implemented at any scale
(Aaronson, Why Philosophers Should Care About Computational Complexity,
2011).

Angdesnanveandlsfont n1sAIMANAINILNY laan uyuuewUA

a =, Y . vy e
naugarsaumalul 1948 Mun15319AUKNIY (semantics) 13T19uBn — "4
yudemnuninevainisaearsumaniildinerdesiuldywidamnssy” —Ju
NAUNTPense wazgnieulzdmiunisadiunsedralnsdni usraauiialy
wunduldenudeindueivsvan uasanvninansaundalaglaifinnunineg

4 ® v Ao (Y] a o/ 1y M v s -~ &

gavnenadeszuunmiesinngAnssulduannulald Usverauanuduly
1634 3 (epistemic agent) MmsgIuvpIUsBEYFNNHaFULTHDDIRTNAUS —
ANTOUSBIMTINE (logical omniscience) AiTInilsisivouwaninensia
vouliiliog Taldudeiayniinaninug wnua Lazaude Aveguulsninluly
a39lulaluainalalas (Aaronson, Why Philosophers Should Care About
Computational Complexity, 2011)

So this book is not a survey with two halves. It is a cross-examination, and
the difference matters. A survey reports what each side believes; a cross-
examination makes each side answer in the other's vocabulary, where its
habits give it no protection. Three rules hold here. The examiner sets the
terms — a witness allowed to answer in its own words is being interviewed,
not examined. Both voices appear in every chapter: where the machine is
on the stand it answers back, and where philosophy is on the stand it ob-

10
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https://arxiv.org/abs/1108.1791
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https://arxiv.org/abs/1108.1791
https://arxiv.org/abs/1108.1791

THE MAP

jects. And every claim carries its evidence — a date, a work, a source you
can open — because the fastest way to lose a cross-examination is to assert
what the record will not support.

wilsdeiduiiashildnisdrsanaesdn dudenisdnaiudnu (cross-examination)
Ltasm'lmmmaﬁﬁﬂﬁay mMsdrsesenuiutarihedeesls nsdnaiudiu
Hadulvusiazdenaudednivesdnine idennuasduvesiesunies
ulall nganudetiuagnssil dousn g¥na1u (examiner) iuausmuntouly
— wenu (witness) fildmausefossuesiesiufdsgnduntual laldgndn
21U Yodoq ﬁ'qaau?lmﬂsqﬂg’tumnuw asefasesdnsogluitansnu (on the
stand) diunaula mswﬂsmmaﬂuwmwmu uuﬂmmu Uoa1 NTNA1I
LUNMENFILVDIRLEWNEIY — Tuil nasuTunils unasseBeiidngld —
stwmau,wmLsamqmiunﬂsmnaWMﬂﬂuﬂa&Juﬂummuuwnﬂm (the record) lai
5995V

Part I, chapters 01-08, puts the machine on the stand and lets philosophy
ask: what kind of thing is a program, does a machine's answer count as
knowledge, how does code mean, can a decision be delegated without los-
ing its morality. Part II, chapters 09-15, reverses the benches: computation
asks philosophy what it can actually deliver, and the answers often embar-
rass positions that sounded secure. No verdict is handed down at the end.
Chapter 15 explains why the examination cannot close, and chapter 99
hands you the route to keep running it yourself.

1A | uni 01-08 1eLA3BIINsTUNTINIUL waaselwusynyiaiu: TUsunsy
& o a o = [ o 1 Y A 1Y 14
Judswilaluu Ansuveaasesdnstuiluanuiuiali laadianuvunele
ad4ls nmsandulaneumnensluldlunleglivindasssuveiune aa Il
uni 09-15 @ausie: nsAuunuUsveyTIdwmeveslslaasetng uagen
naudnvinlvigagunilsgiiuasiassusis neuaulilinssumdndu (verdict)
uni 15 asurgdvinlunistnanudsUalale uni 99 dadunidinasfusoies

1



THE MAP

How to read: seventeen files, each self-contained, principles rather than
coverage. Every chapter opens with one line placing it in the two courts and
closes with Connections — which chapters cross-examine it — plus open
questions and a short, checkable reading list. Read straight through, or
enter anywhere; the Connections lines are the corridors between
courtrooms.

3581u: AU WG udazlwdauludi temannis lieranuaseungu aun
Wadreniicussinfianeiumiesuniuludesena (the two courts) wazln
¢ae "deules — unlvudnanuduuniitns — ndeudauiidulanetuas
s1ennseuELg insaedeuld srusaneanduils WnssuRly ussiin
"Foules" AovnuAusewinaiesiarsanad (courtroom)

Connections - 1%aula4

Everything connects here and this chapter stands on nothing. Chapter 01 is
the closest neighbour — logic is where the two disciplines were still one
family, and where Godel, Turing, and Curry-Howard get handled properly.
Chapter 09 returns to 1936 to ask what the Church-Turing thesis actually is:
mathematics, empirical claim, or definition. Chapter 10 turns philosophy's
forgotten feasibility into a standing objection. Chapter 11 audits Shannon's
bracket in full.

nneghadenniiuni dwunildlddueduueslsiaes unil 01 Aeieuthuil
Tndiian — nssnenansdeiiiaesauduiunsoundufoatiu uasduiifin
aifia 11934 U Curry—Howard gndanisagnagnsios uwdi 09 Seundulull 1936
\iNenuIndass Church-Turing Asexlsiuuy: adindans Tonaindnauds
Uszdnd wiemilena und 10 Wisuamaudululdesefivssandu Tnaedu
FoRnduiitudnsagnasn unii 11 asmaduvssusuLeUEIATURIL

Open questions - A1aundalnag

Was the estrangement necessary, or merely administrative? A discipline
that had kept its philosophers might have reached interpretability research
decades earlier — or might have argued instead of building. Is the

12
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courtroom the right shape at all, or does an adversarial framing flatter both
sides by assuming they are separable? And if the two are one project, why
has no institution managed to house them together for long?

3.’/ ) [ =l @) 1 r:'l a d' @ L [y
AMUUanuenUUINUY KoL UULALTDIUUSUNS ANV IMLAUUNUSYEYIVDY
feslionalufienuidennu interpretability laiSanintivanedul — vsee19
% = ldl =1 v v = a & tﬂl 4 | 1 |
ianDeawnuNIzaiioas s vesnansananlugunsaignaawmsailan nie
nsaunuuUsUn¥ndvanyaniaasing arenisauuilineuiuenasnainiuld

v g.’z 1@ a [y a o [ 1 Y} 3 3.’1 M Y Y o v
wazamegilulaseinisiieniuase viludelifiaadulnununeglisaedula
U

Go deeper - 91Ufid

— Martin Davis, The Universal Computer: The Road from Leibniz to Turing, W.
W. Norton, 2000 (paperback retitled Engines of Logic, 2001) — this chapter's
arc at book length, told through the people.

Martin Davis, The Universal Computer: The Road from Leibniz to Turing, W.
W. Norton, 2000 (atfuunaeuiUasutieiiu Engines of Logic, 2001) — ilamn
vosunilluanuenseiuntisdenia lWH1uAIyAna

— Alan M. Turing, "On Computable Numbers, with an Application to the
Entscheidungsproblem," Proceedings of the London Mathematical Society,
ser. 2, 42 (1936-37): 230-265 — doi.org/10.1112 /plms/s2-42.1.230. Read
alongside "Computing Machinery and Intelligence," Mind LIX, no. 236 (Oc-
tober 1950): 433-460 — doi.org/10.1093 /mind /LIX.236.433 — for the split
running through a single mind.

Alan M. Turing, "On Computable Numbers, with an Application to the
Entscheidungsproblem," Proceedings of the London Mathematical Society,
ser. 2,42 (1936-37): 230-265 — doi.org/10.1112/plms/s2-42.1.230 a"l‘ugj
fiu "Computing Machinery and Intelligence," Mind LIX, no. 236 (October
1950): 433-460 — doi.org/10.1093/mind/LIX.236.433 — iitegAuwLeni]
udnlanuauifen
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— The Philosophy of Computer Science, Stanford Encyclopedia of Philosophy —
the standing map of the borderland; pair it with the entries on the Church-
Turing thesis and Hilbert's program.

The Phllosophy of Computer Saence SEP — wnufiuszdvosiuuauuy
Lmuu E)"IuﬂﬂUiWEJﬂ'liLi’e]\i‘U’eJGN Church- TurlngLLﬁ"Iﬂiﬂﬂ"li‘UENaﬁLLU?VI

14
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LOGIC

CHAPTER 01
Logic

ASINANEANS

This is Part I's first hearing, the discipline standing closest to the courtroom itself —
logic is where philosophy and computing were still, for a while, one undivided family.

nslaauusnuesnia | Wanaivddulnanesiaisanaingn — assnAansfogn
Mswyriumsanadaluaseuaiafeanu ldunnuen sgdrvaznis

What happened when the laws of thought became a machine?

nuitiANAnnatelunIesinsg uaaineslsdu

On 10 August 1937, a twenty-one-year-old graduate student named Claude
Shannon submitted a master's thesis to MIT's electrical engineering depart-
ment. Its claim was almost embarrassingly simple to state: the algebra
George Boole had invented in 1854 to describe human reasoning — an al-
gebra of true and false, of "and," "or," and "not" — was also the algebra of
switches wired in series and parallel. A closed switch is 1; an open switch is
0. Two switches in series compute AND; two in parallel compute OR. Shan-
non showed that any relay circuit could be simplified the way a logician
simplifies a formula, and that any Boolean formula could, in turn, be built
out of relays. The published version, "A Symbolic Analysis of Relay and
Switching Circuits" (Transactions of the American Institute of Electrical En-
gineers 57, 1938: 713-723), led the psychologist Howard Gardner, in 1985, to

call it "possibly the most important, and also the most famous, master's

15
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thesis of the century” (History of Information). Logic had been a description
of thought for two thousand years. After Shannon, it was also a wiring dia-
gram.

Fudi 10 Aavnax 1937 dnAnwuSyuninieddudalelaan wuuueu du
Inenfinusnaninivddinssuluiives MIT deiausiSeudigaunnuiiens:
WyAiaya (Boolean algebra) 19853 yaAnvulul 1854 1ineasurenislin
\RANATDINYBE — NYARAYDID3IAULNY VB "uag" "wse" uay "li" — Ade
a a a od a oo & a oo A a o
wyanvesEIndifeaynsuLazvuIu aIndUnAe 1 @3ndiunAe 0 @dndaas
AaRBaUNTUAILIN AND FoULIUAILIA) OR KILUBULANII19ASSIadLAY an
sulduuuipeanuitnassningrangugns uazansyalasg nUsznautuain
51adla aUUANUN "A Symbolic Analysis of Relay and Switching Circuits"
(Transactions of the American Institute of Electrical Engineers 57, 1938:
713-723) v liindnineaniise nsawes Sunsiulut 1985 41 "analu
MginusUsyainndAynan uaviiveiduaian veernissy" ("possibly
the most important, and also the most famous, master's thesis of the

" . . U aya ¢ & o a
century") (History of Information) @a4WuUNNIUN1 AsINA1ERSIUUAIBEUY
AUAR ndansuueu suduunuianisiuang s

That collision was not a straight line, and the straight line usually told is
wrong. Aristotle's Prior Analytics had fixed logic's shape for two millennia:
the syllogism, a machine of exactly three lines — "All Greeks are mortal;
Socrates is a Greek; therefore Socrates is mortal" — valid by form alone, re-
gardless of what the words meant. It was rigorous, and it was also nearly
frozen; logicians spent centuries cataloguing which syllogistic figures were
valid rather than extending the method. Boole's An Investigation of the Laws
of Thought (1854) broke the freeze by algebraizing it: propositions became
equations over O and 1, "and" became multiplication, "or" became addition,
and inference became solving. This looks, in hindsight, like a rediscovery of
Leibniz's seventeenth-century dream of a calculus ratiocinator — a calculus
for settling arguments — and it is tempting to tell the story as an unbroken
inheritance. It was not. Boole did not know of Leibniz's anticipations of his
algebra when Laws of Thought appeared; he learned of them afterward,
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from Robert Leslie Ellis, and was reportedly delighted rather than deflated
to find Leibniz had glimpsed the same terrain two centuries earlier (SEP,
Leibniz's Influence on 19th-Century Logic). Gottlob Frege, by contrast, did
claim Leibniz's mantle deliberately when he built the next floor. The seam
between the two disciplines was rediscovered at least as often as it was
handed down — evidence, again, that both keep arriving at the same idea
because they are excavating the same ground independently, not passing a
single torch hand to hand.

msUsneAuiulaldidunss wazidunseiiiafuaniim Prior Analytics 784
gsdlafiansegusnsvesnssnanansliaesiul: Faladdu (syllogism)
iFesdnsauussriideg — "wandnynaunie Tansiadurninin ez
Tansnfianie” — aumnaunadleguuuudiug lidndesaazuunsisesls du
Sana uazduniieuued dnassninenldiaateanisseladanuanin
sUnUUTaladdunuulvuanmnauna unuiiogue1s33nns An Investigation of
the Laws of Thought (1854) sumganummLLS‘ﬁaﬁ'Jﬁuﬁwﬁmzﬁm: Usenaul
nangiuaunisiniie 0 AU 1 "uaz” Aon1sAaL "W3e" ABNITUIN BYUTUABNNS
ufauns uesdeunduly fgwieuntsdunudranuiluvedlatislusmssy
fiduidaises calculus ratiocinator — uAagdadWiUyRTeTRU — wazyauly
@ndunsandidunensuunlivinane ualyfly moudi Laws of Thought ARuw
yaluiinlavdgmanisalivadavesuiliarant widfinaewinlsidsn wad
\wada uazfimsauindud lildviedisn finviladdunesdfiununives
AULAULALINUNDUNUNABIANITTY (mmqnmﬂ%’mymumuﬂa%m (SEP),
Leibniz's Influence on 19th-Century Logic) nenviaau isinnduiy 1w1o1
\Aonquuadlatilgegreadlansuairetudaly auduseuinaesauiisngndu
wulmiveswes fufigndssie — ndngudnadeinisguniennudnieaiu

WA UANRUREInUlnedaszaniu lulddesrumaaaunelainiiog

Y

3o
Frege's Begriffsschrift (1879) is the second principle this chapter needs:

quantification. Boole's algebra could say "some men are wise" only clumsily,
as a fact about classes; it had no clean way to express "for every x, if x is a
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man, x is mortal" as a single manipulable structure with a variable running
through it. Frege built exactly that — a notation, admittedly nothing like the
Vv and 3 symbols used today, but expressively equivalent to them, in which
generality and existence become operators binding a variable inside a for-
mula. This is the single move that let logic swallow the reasoning used
throughout ordinary mathematics, not just its syllogistic fragment — and it
is also, not incidentally, the ancestor of the variable in every programming
language: a slot that a quantifier, or a for loop, ranges over.

Begriffsschrift (1879) waunsinlinannisngesniunilfesnis: n1sususunu
(quantification) W¥ARIMYBIYANAIT "uywdulsauaan” ledg1awezes Tu
grugdeinasiuiosnanawinty dulifinsazeniazuans "drmsunn x 41 x
[J L n L8 4 P~ A a o 14 a o a 1
uuywd x ane” Wulassasraferingunndnnisle Taedduusiswdiu ws

o/ a I a o ca v (4 1 1 A % (% Ls (% a9 vo
nasELUNeR — FynsalnFesensuinlimileoudydnwal V Au 3 NlUhu
yniuiliay uananseenlaieuwini Tuduauduanadunisiiegnatedu
v o a ci o & a dy A o 4 L4
Aandunsngnaawlslilugns nsimdeulmifesilissivilinssnaans
naumslimaransuanadinaansialuly lulduaimudsitaladdu — waz
o J v 19 = v a 1 1 dl
fuluusswygwvasiudsluynniwlusunsusing lilbisesiudey: 9093190
AaUaU3U (quantifier) 30U for Aelaru

The third principle is the split Shannon's circuits do not resolve: proof is
not truth. In 1929, in his doctoral dissertation under Hans Hahn, Kurt Godel
proved first-order logic complete — answering a question Hilbert and Ack-
ermann had posed the year before, he showed that every logically valid for-
mula of first-order logic has a formal proof, and (the companion property,
soundness) that every provable formula is valid. Two years later, the same
man showed the coin's other face: any consistent formal system rich
enough to contain elementary arithmetic must be incomplete — it contains
true arithmetical statements it cannot prove. First-order logic itself is com-
plete; arithmetic built on top of it is not. The two results are not in tension,
because they answer different questions about different systems, but to-
gether they mean something exact and permanent: mechanizing inference
(soundness and completeness for logic) is not the same project as mechan-
izing all of mathematical truth (which Goédel showed cannot be finished). A
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circuit can decide whether an argument's form is valid. It cannot decide
whether every true statement about numbers has a proof, because some do
not.

wdnnsiianufesesueniinsasvasusuuaulailiud: nsigailildaiuaie T
1929 Tuangninususyanannaladud anviu 1A ineiaiigain
assnAnanssudunilsauysal (completeness) — ABUANILTIE
awusniusamesiuidsliileddeunth wuansimngasiisuvnaunalds
assnglunssnenanssusuniafiunfigailuszuugutis (formal system) waz
(AuanTRgRuAsAMuALIVRANNAITINTINg (soundness)) NngnsTingavilén
auvnauNa @alsoun WeauReItunandnmuvsswseylvin: stuusulle
fiautoiuiedas ﬁqﬂuwaawﬁqm%mﬁmﬁugm nasliauysal — Juussy
Foanuavadiniilusieudigailild fmssnaanssusunilaesauysal
\nunsinfiadeiuuuiiuliauysel nadwsaossuillidniu iseneunuazen
pmRafuauazszUY udsnfuudsuninefaunegisfiuiuouuazanis:
nsiihliniseyunudunaln (A uamwnEuNaIBInssNZRATAUANYIAIVET
assnenand) lildlasanisdeatunisylianusineadamanivauadu
naln @aneiauanaudriviiiiaialaild) 2sdaduldiguuvuresde
Tudsaumgaunalv fudadulildimndeanuiafetuiiauiiuniiged
Ty wsnzursdomnulaid

The fourth principle turns logic from a way of checking arguments into a
way of writing programs. Robert Kowalski's 1979 slogan "Algorithm = Logic +
Control" (Communications of the ACM 22, no. 7: 424-436) proposed splitting
any procedure into a logic component — what is true, stated declaratively —
and a control component — how a machine searches for it. Alain
Colmerauer and Philippe Roussel had already built the proof of concept in
Marseille in the summer of 1972, working out the top-down search strategy
with Kowalski himself during his visits from Edinburgh: Prolog, a language
in which a program is literally a set of logical clauses, and running the
program means asking the machine to prove a theorem from them by
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resolution (Kowalski, "The Early Years of Logic Programming"). For the first
time, writing a specification and writing an executable were, formally, the
same act.

o o A s ax Y &Y v @& ad o
nannN1sNALABURSINANENSAINI5R 51T TALES 1TUASITsulUsUATY
dlaunut 1979 vaslsidsn laanagn "Algorithm = Logic + Control
(Communications of the ACM 22, no. 7: 424-436) l@ual#k1nszUILISIAe

&, ] 1 a a g a .
2oNLUUADIAIU: AIUNTING — AINLUUITY szyluuUsend (declarative) —
fludumiuRu — n3asdnsAumiiusgnsls a1uae neawlsuilay suvaasns

a o a vy v o s o Y o a s v
n1sgalkuIAn LineuudInuIsuad go3eull 1972 AnnagnsnisAunILUY
vuasaesmnulanaaniessyniesiwn luidauannieiuugsy: Prolog nwnit
TUsunsunilsragnayuszlondmssnzlaewn waznissulusunsuaanisveli
\AIBINgIUNgEUNANayUsElenma1uE resolution (Kowalski, "The
Early Years of Logic Programming") n15t38udanuuniunisiisulusunsun
[ Y & o A [ L &
Suls unsnsevinfeanulunegutdedunasausn

The fifth principle is the deepest handshake between the two courts in this
entire book: the Curry-Howard correspondence. In 1934, Haskell Curry no-
ticed that the types assignable to the combinators of combinatory logic
matched, term for term, the axioms of intuitionistic implicational logic
("Functionality in Combinatory Logic," PNAS 20). William Howard extended
the observation to full natural deduction and the lambda calculus in 1969,
though the paper that made it famous, "The Formulae-as-Types Notion of
Construction,” was not published until 1980, in a festschrift for Curry. The
correspondence says something stronger than analogy: a proposition is a
type, a proof of that proposition is a program of that type, and simplifying a
proof — removing a detour — is running the program one step. Logic and
computation are not two things that resemble each other; under Curry-
Howard, for a wide and growing class of systems, they are the same thing
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described twice. Modern proof assistants (Coq, Agda, Lean) are, quite liter-
ally, programming languages in which a well-typed program is a certificate
that a theorem is true.

wdnnnsiivhAenissuiiefianiiansevinsansmanaoniiaiau: Anuaonades
Curry—Howard U 1934 ugdiaad massdannituia (type) firnmualisasiu
YBINTINLLFINTTIA (combinatory logic) nsenuazwalAudaInUVDINTINE
deyvnutle (intuitionistic logic) Fadoula ("Functionality in Combinatory
Logic," PNAS 20) atauu g3 davenetedunaiiludennsistosssuni
(natural deduction) LﬁugﬂLLUULLazLLﬂaﬂﬁaLLauﬂm (lambda calculus) Tut
1969 usfunanuiinlvsiuidedes "The Formulae-as-Types Notion of
Construction"” 9258840 1980 Aslannun lunilsdesinunanudagiiesa
1953 muaeandesiiyausiniinisieuiisu: Ussnativisdeviauils un
AgaivesUsznaituAelusunsuvesuiatiy uasn1sanguuniigat — dang
Fouita — Aonssulusunsulunilatu assnanansiuntsaunallaldaesdsi
adeiu neld Curry-Howard dwdungussuuiinirauagidsened fufe
Audeafuiignedutsassns proof assistant (Fagaeiigend) atelul (Cog,
Agda, Lean) 1unwlusunsulagunass ﬁiﬂmnsuﬁﬁuﬁgﬂﬁm (well-typed)
delususorimguiunmiladuaie

The people, briefly. Boole was self-taught, working as a schoolmaster in
Lincoln before a professorship at Cork; Frege spent most of his career un-
read, his logic noticed chiefly because Bertrand Russell wrote to him in 1902
to point out a contradiction in it. Kurt Godel worked in near isolation in
Vienna and later Princeton, distrustful to the point of starving himself in his
final year. Haskell Curry and William Howard are barely names outside logic
departments — fitting, for a correspondence whose own publication was
delayed eleven years, as if the ideas in this chapter have a habit of arriving
before anyone is ready to print them.

4 ] a ¥ Y % < a (3 1 Y v dy L4

HAU Iﬂf-.lﬁla YalIgUINIYNILD Lﬂuﬂﬂmﬂuauﬂaauﬂaﬁlﬂm'lamam']ms&l

d' g yYaa o A 7 aa s 1

nresn wsinlstinnsvirnuieunsdinlneliiilasenunainu nssnsveawn
124 [ (4 U ¢ v ¢ = = ﬂl dyy

LUIRIAUNLNITICEUBDINITUA samaawauawmammﬂuﬂ 1902 \wWayua
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dnundaluiu 1Asn noafariusg e lanRe N UALT I U SULLAEHABUIN
WIUGAU SEIRUEnaseIelulganievesdin uadAad o33y
JaLaeu a'nﬁ%mmevlu'L‘f]uﬁi’ﬁ'ﬂuaﬂmﬂ%misﬂmam% — WUNEAUR ASU

% a Aaa o o % a & o ) a Ha
AMUABDAARDINNITANUNYB I ULeIa N [URAULDAT s1AUAMUARTUUNTLAR
N&UNDINDUNLATITWIDUNUNITU

Connections - 1%a3la4

Chapter 00 is this chapter's parent: the Frege-Russell-Hilbert-Godel-Tur-
ing pipeline is narrated there in full; this chapter stays inside logic's own
family quarrel. Chapter 09 returns to 1936 to ask what the Church-Turing
thesis actually claims. Chapter 11 owns Shannon's later severing of informa-
tion from meaning in 1948; this chapter's Shannon stops at 1937, where cir-
cuits meet Boole and nothing yet has been said about meaning. Chapter 12
takes Curry-Howard to its full depth, through Brouwer's intuitionism and
mechanized mathematics.

ci A 1 e’l’ (% ¢ a I3 a U a 1
N 00 AUNLNVDIUN: AneWIUNSIN-SALYaA-TalUSN-LNBLAA-YII34LaN
Tinsuduniu unilegualuiamziaiziuedunsauasinssnaans unin 09
gaunaulul 1936 1iea1ui1986e Church-Turing 819yl undi 11 10y
191UD9TBITIUBUUBUANAIUANIEDDNANATAUNATUA AT U 1948 uvul

dy dld dl [ N 1 =
uauVBIUNUVYANY 1937 nsanagasuiussauiuya wazdalaidlasyaia
dl ¥ =
AUNUBLAY UNTT 12 WIAUdEAAADY Curry-Howard asluaugaaudn
HunssNEdyvIulsnvesusnesuasatindansidenaln

Open questions - A1auigalnag

If Boole and Leibniz, and later Frege, kept independently finding the same
seam, is a mathematized logic something humanity was always going to dis-
cover once algebra and doubt about the syllogism coincided — or was the
coincidence itself contingent? And if proof and program are truly the same
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object under Curry-Howard, which discipline should be said to have dis-
covered the other: did computing find out it was secretly doing logic, or did
logic find out it was secretly executable?

dryanulaviiy wazmendavisin Ansversdufiednulnedaszainiunss

vy ¥ s @ a s & a ay v 1
wAIATIET MIsNAERsILUasluRAdinAansiluauy verIRfeIAUNUaLA
Wenvadiniuauasdelugaladduuussauiunennseal — wsemy
Gudeytiuasnldudusu wazdrumigainulusunsuluingideiuasnneld
Curry-Howard @ lvuadsduindushesunudniie: n1sarulsdunuin
AILBILBUIINATINANENSY WsanTsnAIEnsAuNUIFeIkausula

Go deeper - 91Ufid

— Ernest Nagel and James R. Newman, Gddel's Proof, New York University
Press, 1958 — still the clearest short account of what completeness and
incompleteness do and do not say.

Ernest Nagel and James R. Newman, Godel's Proof, New York University
Press, 1958 — Sanalludesunsdunidaaudian Fanuanysaiivanuly
auysalvenezlsuaglivenazls

— Claude Shannon, "A Symbolic Analysis of Relay and Switching Circuits,'
Transactions of the American Institute of Electrical Engineers 57 (1938): 713~
723; William Howard, "The Formulae-as-Types Notion of Construction,’ in
To H.B. Curry: Essays on Combinatory Logic, Lambda Calculus and Formal-
ism, eds. J.P. Seldin and J.R. Hindley, Academic Press, 1980 (written 1969).

Claude Shannon, "A Symbolic Analysis of Relay and Switching Circuits,"
Transactions of the American Institute of Electrical Engineers 57 (1938):
713-723; William Howard, "The Formulae-as-Types Notion of
Construction," in To H.B. Curry: Essays on Combinatory Logic, Lambda
Calculus and Formalism, eds. J.P. Seldin and J.R. Hindley, Academic Press,

1980 (WWeuIUY 1969)

— Godel's Incompleteness Theorems, Stanford Encyclopedia of Philosophy.
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Godel's Incompleteness Theorems, SEP
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CHAPTER 02
Metaphysics

anUsvan

Part I's second hearing: with logic's family quarrel behind it, the court turns to a
plainer question — what kind of object is sitting in the dock at all.

M5leaIuASINaeIve9InIa |: 1Sawmziatziuedluasauniivaanssnatansauluuan
AadNuLNaMAaINTInsINIITY — Awilveglurendiasuvesuiialnuiuu

What kind of thing is a program?

Tusunsuduvesvialuunuuy

In 1988 Hilary Putnam published Representation and Reality (MIT Press) with
what he called a theorem: every ordinary open physical system — anything
not perfectly sealed off from its environment — implements every finite-
state automaton. Two years later, in his presidential address to the Americ-
an Philosophical Association, John Searle pushed the same point to a mem-
orable extreme: "the wall behind my back is right now implementing the
Wordstar program" — because some pattern in its molecular motion is iso-
morphic with Wordstar's formal structure ('Is the Brain a Digital Com-
puter?", Proceedings and Addresses of the APA 64, 1990: 21-37). If a wall runs
Microsoft's word processor, then computation is not a fact about the world
— it is a story an observer chooses to tell about any sufficiently complicated
system, brains included. Putnam's own triviality result, aimed originally at
his own earlier theory, exploded computational functionalism's central
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promise: that being a mind is a matter of running the right program, no
matter what you're made of. If any wall runs any program, running the right
program cannot be what makes something a mind.

szuumeaidannszuu — exlshauiililédatuandundevesiuagng
auysal — UeelnuimanIugdnin (finite-state automaton) nnealuldasa
(implementation) 8a13 ﬁwﬁuﬁm%’aﬁquwﬁuwﬁa uagAnunlalu
Representation and Reality (MIT Press) U 1988 @asUsiou 901iu 135anan
Usziiudeafuludegaanlssiiunand Tuthgnandszsnunuiideauau
USuayrossiu: "munsdnandanuindadnlusunsu Wordstar lulda3sagnau
il — sezuuugunidunsiadeulwseiuluanavestunsdidugu
WAeafiu (isomorphic) NulAsas1egutiaved Wordstar ("Is the Brain a Digital
Computer?", Proceedings and Addresses of the APA 64, 1990: 21-37) o
funaniiesulusunsuuszananadvaslulassonild msAwailily
Faiaasafeaiulan uiduFeadiifdunndenadssuulafmuiidudou
1NN ANDITINDEHIY HAAWSIZ0sAIUIUTeY (triviality argument) U4
ﬁ’mﬁ'uL?ﬁﬂﬂﬁmqwﬁﬁawﬁwaaﬁaLsmm warszdafiudmsnvemiig
fisandasuans (computational functionalism) fis: fdufidnnisnduinuiede
mssulusunsuiigndes lidnanagvinaneylsfinu driundlailds

Wsunsulanld nssulusunsufigndesnvinliunedananedudalyld

The wall argument is where this chapter has to start, because it forces the
question philosophy usually skips: before asking whether a program can
think, ask what a program even is.

unideasundslandausosniung inszduteaulinutyaaiunusagydin
Iuly: neuanuInlusunsuAnlansaly Aesanunauinluswnsunessls

The first principle is the split between the abstract and the concrete —
computing's own version of a distinction Charles Sanders Peirce drew for
language in 1906: type versus token. Count the letters on this page and you
can answer two different, equally correct questions — how many letter-
shapes appear (tokens), and how many distinct letters of the alphabet they
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instantiate (types) ("Prolegomena to an Apology for Pragmaticism," The
Monist 16, no. 4, 1906: 505-506). A piece of software works the same way.
"Microsoft Word" the program is a type — an abstract pattern of instruc-
tions, nowhere in particular, no more locatable than the number seven. The
install on your laptop, and the running process consuming memory on it
right now, are tokens — concrete, datable, capable of crashing. When your
copy of Word freezes, Word itself, the abstract program, has not broken; a
token has. Software's whole industry runs on treating the type as the real
product and the token as a disposable instance of it — which is exactly why
a "critical vulnerability in Word" can be announced before your particular
copy has even loaded.

wanMsusNABTELENTEUINALNNSTIURUAITUSTI — atfuresanis
Fuaes duuanuuandsiiviad uwueesa isnalifunvlul
1906: wiin (type) fud1ee19934 (token) uadnusuuntini udraunould
ansrnmfidnsiunaggnioaviniy — figufdnususngis (Feg1ease)
wazgUmatudusunuvasindnusiideiuluyndnusich (viia)
("Prolegomena to an Apology for Pragmaticism," The Monist 16, no. 4, 1906:
505-506) FeWALITTUMTIULUULREARY "Microsoft Word" Tugnug
Tusunsufewiin — wuusUusssuvesids ogilmulasiang sey

]
[

fundslildunluninavidn AiRansuunaunoUvesnm wazlnsiwanima

14

ﬁwﬁ'wmmaﬁ’ﬂagmauﬁ fose819931 — 1Tugussa seyTuitld uazauld
diodiun Word vasnmfing &2 Word 1oe TWsunsuunusssutiu luléde
fhetsTadmisihanniide gramnssugendugRamnIIIRIag UL
nstusiaduiudeie uastuietiswiadunsalldudie wanades 9

"faalniseusilu Word" gnusenmidle neudiuivesnaaglnanuunmedi

¥
Y

<A

NAYUYBU
The second principle is identity, and it is harder than it sounds: when are
two programs the same program? Take a bubble sort written in Python and
the identical algorithm rewritten, variable for variable, in C. Same steps,

same inputs and outputs, different languages — same program, or two?
Now take one Python file compiled by two different optimizing compilers
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into two binaries that never produce a single identical machine instruction
but always agree on output — same program? Philosophers of computation
have no settled answer, and the disagreement tracks a real fork: identify a
program with its behavior (the input-output function it computes) and the
two binaries are one program; identify it with its structure (the algorithm,
the specific steps) and a compiler's optimizations may quietly turn it into
something else that merely agrees on outputs so far tested. Software engin-
eers live this dispute daily without naming it, every time they ask whether a
refactor "changed the program" or just changed its clothes.

[ a A v v s .. . % P A v &
nann1siaesfadndnual (identity) wavdueinninnileg: 1Usunsuaesdindu
TUsunsutenuLiio s aasiinga bubble sort Mdsusglwsou Audanasiy

= U dl = 1 U 1 L% v g.ll = L% a
wenfiundeniauln fAudssafiuls A1y C TunaufieInu Bune
LDIRWALAYINU AM1EIUL — TUsunsURIAY wIeaaslusunsy ilasslings
TWalwsoulwdifaanasulniassinulszansnnasssnnaulndssnuniu

= L4 1 a o n'J d' d' o [ o q'/ = { 1% U L4 o
Tuunsandlnd lurenanAdAT09NASINUANANFLAYT WA LANAANSATINY
i@ne — lusunsuReanuwsell dnusuguiinisauadiifisneuiinnag
Al wazanuiuisinusesvnauenase: seylusunsumenginssuvesiv

¢ U Aa L3 d' LY ) = e’&’; <@ @ a
(Wendudune-ordnmnsiuaiun) luunsaesduauundulusunsuien sey
falAsIasne (9anasnu Junauanig) nsiinuyseansamusnaulniasin

d' Y] < 1 d' d' 4 [y 4 v 1 d' a

219Ul asuI LU U E19D UNLA LANAINSASIN N AINAZB UL FAINT
ganauaFagiudennminniuleglireisendediu nassnauiuiinig
refactor "lWasulusunsy” TUwad visauAlasuidasin iy

The third principle is the wall itself, formalized. Putnam's proof works by
constructing, after the fact, a mapping from a chosen sequence of the wall's
molecular microstates onto the automaton's state transitions — a mapping
guaranteed to exist for any finite stretch of time because there are always
enough distinguishable microstates to go around. David Chalmers's reply,
"Does a Rock Implement Every Finite-State Automaton?" (Synthese 108,
1996: 309-333), grants the construction and denies it proves what Putnam
needs. A genuine implementation, Chalmers argues, must track the auto-
maton's transitions not just along the one trajectory the world happened to
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take, but counterfactually — for every input the automaton could have re-
ceived, the physical system's causal structure must have produced the
matching state, whether or not that input actually occurred. Putnam's wall
satisfies the mapping only along the single path molecules actually followed;
feed the wall a different "input" and nothing in it is disposed to track the
automaton's corresponding response, because nothing in a wall is wired to
respond to inputs at all. A laptop running WordStar, by contrast, really is
built so that pressing a different key really would produce the counterfactu-
ally correct state. The reply does not make implementation cheap; it makes
it a genuine, checkable, causal fact about a system's dispositions — restor-
ing exactly the distinction Searle's wall was built to erase.

nannIsnauAeiunaed Tugutly unigariveswiniuasnenisdugiuntenas
winnTsal 9nanauidenlivesaniugganiaseaulaanavesiiung dinns
Wasuan usY039alaNIn — MTuansuUseAuitlegassdmsuyiaan
ialanau mszaauzganiaiuenueglalivioileldue win awesa
noulalu "Does a Rock Implement Every Finite-State Automaton?”
(Synthese 108, 1996: 309-333) laggauTUNTATINUY udUFiasIdungau
Aaninmiusiesnis msdrlUlga3anuiase vrawesalauds desfinaunis
dl 1 1 ad A dl U a a (K4
Wasuanuzusseslawg llvuandtneinlantudayiuly usdas
ANANNLUY counterfactual (ANNAAIUANDZY) A8 — NNBUNATIEBLANINT
919105U lAsasadang Uadevasssuunienindesndnaniusinsaiusen
11 laiBunniusiintuasaniali AuniveanimtudiAun1sduguuwAnIy
y o o A - P R o Ly
dumapeanlaanaiuluase Jou "Buwn” duliniune lifierlslutunioy
ghnnuNIsRaVaNagiuveseslauin szlidieslsludunsgnsieany
Plineuaussnedunnnuadu udufieufisu WordStar gnasisunlinsnatu
DUNANANULNYNABILUY counterfactual a8nU1934¢ AmaulAUlNlAvINI
o Y a & ] L 4 o Y a &, 14 @ a a
nsihlUldasaluvesmidne duvinlinisihluldassnanadudeinaasadans
Jadeninsrvaauld ineaiuildeldudeaveassuunila — ANULANAISIAILNG
YBUTFAYNATNUNNDAUN NAUALNINDA
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The fourth principle takes the same question into worlds built entirely of
information: virtual realism. In Reality+: Virtual Worlds and the Problems of
Philosophy (W. W. Norton, 2022) and the paper that preceded it, "The Virtual
and the Real" (Disputatio 9, no. 46, 2017: 309-352), Chalmers argues that ob-
jects inside a simulated world are not lesser or fictional — they are real
digital objects, meeting the marks philosophers use to certify anything as
real: they exist, they have causal powers, they are not merely someone's
say-so, and they are mind-independent once the simulation is running. A
sword forged inside a game world is not made of steel, but it is made of data
structures that really exist, really can be transferred, and really can be sold
for currency that buys real coffee. Chalmers's target is not that virtual and
physical objects are identical in kind — a virtual river is not H20 — but that
being virtual is not the same as being unreal; it is one more way of being
real, alongside being physical.

nanmsianaaufganudn lululanfadieinaisaumaaiue: datiou
\@dlou (virtual realism) Tu Reality+: Virtual Worlds and the Problems of
Philosophy (W. W. Norton, 2022) uagluunainuneuntii "The Virtual and the
Real" (Disputatio 9, no. 46, 2017: 309-352) wawasalaudsitingniglulan
draeslilddesniuazlilyiFouss fuheingfdvass Wunamnndeniin
Uswayrlaiusesidmibadueie fiuileg dufisrwnadanatade duladlyud
Amyaveslasaunils uazlionisinassitauey Sunludasyaindn arund
ululaninulalléviarnuannan usvineanlassaddoyaifiegase loudnela
a [ a X a v Y 4 1
359 wazvrguaniuanalundeniunassld Wivunevesnawesalilynis
1w ] [ [ a a [ ' % A 1
venitingaliouduingnmenwiluvessiinfieany — wivnadioulyly H20
= & a = ' I a o @& S aa = & a o
— wiranisiludnaiiouldlynisliass fiulusnisulsvenisluasa 1hes

¥ [
Y1N15UUNIPATN

The fifth principle is a horizon this chapter only touches: the ontology of
information itself. Luciano Floridi's informational structural realism (The
Philosophy of Information, Oxford University Press, 2011) proposes that what
ultimately exists is not substance but structured information — "dedomena,’
primordial data-like differences — of which physical objects and virtual ob-
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jects alike are patterns at different levels of abstraction. If Floridi is right,
the type/token puzzle and the virtual-object puzzle are not two separate
metaphysical headaches produced by computers; they are two symptoms of
the same deeper claim, that information was always the more basic cat-
egory and substance the derived one. Chapter 11 audits that claim on its
own ground, against Shannon's severing of information from meaning; this
chapter only notes that metaphysics, once it starts asking what a program
is, cannot easily stop there.

[ Sy & 9 1 = a a
nann1siinluveuiNnuniungiineiia: N73nen (ontology) vasansaune
104 datluugalasaadisansaumea (informational structural realism) ¥4
Q‘U'ﬂu Wa®3A (The Philosophy of Information, Oxford University Press,
2011) iauehdsnfieglueiianlilyaans usfearsaumanilasasne —
"dedomena" AuANILULTaYaRwAN — lngTngnisninuazInguaiiousien

13 a Y] . 1 [ 1'% aa a a % 1 a
lWuLUU3UNSEAU abstraction AN9NU A1WABIANAYN UIAUIBUA/MIDYINIIN
[ a [ = (=3 1 v a a o & o a
Auusauninguatiounliildonnistiniteefusseasisaaueniui
ABUNILABSAITU UADDINTARI0E1NVBITBNE1IONNANNTIVURINY
AeansaumaduninanyiNugIunIauen uazdansaodnduiiiosunaindu
unil 11 asaedeudenanseiunusUuuuuuiuivesiues iguiunisiu
UUDUARAITAUVADDNIINAIIUNUNY UNTLNEIAITDFINATT aAUSYey1ile
Buauinlusunsudeezls Avgneguaiuldenn

The people, briefly. Hilary Putnam changed his mind about the philosophy
of mind more publicly than almost anyone in the field, ending his life doubt-
ing the very functionalism he had founded. Searle's wall is a philosopher's
weapon turned, characteristically, against a friendly-adjacent target — com-
putational theories of mind he otherwise also opposes on different grounds
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(see chapter 04). Chalmers has spent a career doing what this chapter
shows twice: taking a claim meant to dissolve a distinction and finding the
exact repair that saves it.

14 ] a o W LY dl ﬁl % 1 a 1 L4 U
WAy laaga §a13 sintulasulaisessvgyuidnsentnaisisasuinnii
TAsUNUNIEIU1 azautinasarealnuasdsluntinndey (functionalism) Mk

1 g.ll :g o asc A £yl v} n:l' Y] < F2 1 n:i

L29N DRIV muwwmmﬁaﬂamq5%aquﬂﬂsmymwu"lmaaLﬂﬂmuwmw
oududing egrefiiundnyin — nquijdnBedIuaas (computational theory of
mind) NWIAAAUAILLARNADUBELED (AUNT 04) Braluesaldnodnyindan
untluanaliiiugnsnss: neuTenad19na9la9zazaIuAIULANAINNTN LA)
wyagaunuiug1FsnwIAuuanaauulila

Connections - 1%2uleg

Chapter 04 needs this chapter's implementation problem directly: if
implementing a program is not enough to be a mind, functionalism about
mental states inherits the same objection Searle raised here. Chapter 11
owns the full audit of information as a candidate ultimate substance.
Chapter 15 asks the largest version of the virtual-realism question: is the
physical universe itself the simulation.

uni 04 seslgtdaymnisihlulgaswesunillaense: dnisiilusunsululy

a 1 @ a = Y aa 2 a v ¥ o ¥ A ac X A
s3qlainevndudanils mihileusesanuzinnsudednAuii@saontuunid
wndneg uni 11 udrvesnisassdeunusuuuuitansaumaduginde
uvsaansgedalavisely uni 15 awdanudatieuaiioulunesdulug

o
dl = o & 1
ngn: LE]ﬂﬂWﬂ']Elﬂ']WL@Qﬂ@ﬂ']i?]']aﬂ\‘miﬂ‘lil

Open questions - A1aundalnag

If Chalmers is right that implementation requires tracking counterfactual
structure, is that structure an objective fact about a physical system, or
does specifying "the right counterfactuals" still require an observer to say
which inputs count? And can one consistently hold, as Chalmers does, that
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game-world objects are real without holding that the base universe is itself
a simulation — or does virtual realism quietly commit you to taking chapter
15's simulation argument more seriously than you intended?

dvawesanagninnisinluldasedesfinaulasad1awuy counterfactual
Tassaetududeinssadunngiduinfussuunenmmilviely vie
n1592Y "counterfactual fignées” SdesendudFanauuenagiindunalvy
iU wazausEdnteatsaenndasiuliviel sgnafivamesada 1inglu
Tanunanduais Inglddesdninenanguesiiiunisdiass — vsedadion
wafiounougniinlinuioserdoliuduiosmnssiassvasunii 15 TUAnaseds
niniiglals

Go deeper - 91Ufia

— David J. Chalmers, Reality+: Virtual Worlds and the Problems of Philosophy,
W. W. Norton, 2022 — the book-length case for virtual realism, built from
the implementation problem up.

David J. Chalmers, Reality+: Virtual Worlds and the Problems of
Philosophy, W. W. Norton, 2022 — Forauesyiunlsdonadudmiudaioy
witou a¥rstuandymmsihluldesadugiu

— Hilary Putnam, Representation and Reality, MIT Press, 1988 (the triviality ar-
gument); David J. Chalmers, "Does a Rock Implement Every Finite-State
Automaton?’, Synthese 108 (1996): 309-333 (the reply).

Hilary Putnam, Representation and Reality, MIT Press, 1988 (‘z’J"e'JI(;fLLE’JJdL%I‘EN
A2143UIY); David J. Chalmers, "Does a Rock Implement Every Finite-
State Automaton?", Synthese 108 (1996): 309-333 (A1naula)

— Types and Tokens, Stanford Encyclopedia of Philosophy.

Types and Tokens, @1571UnsuUSBeY@RAUNDSA (SEP)
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CHAPTER 03

Epistemology

UIUINYI

Part I's third hearing: having asked what a program is, the court now asks what it is
entitled to claim it knows.

Msleaiuasanauvasnia I: arulundlrinlusunsumaesls asiaianiuinduiians
g1vi3ezlslavig

Does a machine's answer count as knowledge?

o < [ Y 1 Y A 1
ﬂ'W]E)‘U‘U’eJ\‘iLﬂSEN"\]ﬂiuUL‘U‘Llﬂ’J’]llg‘VﬁEﬂﬁJ

In 1976, Kenneth Appel and Wolfgang Haken, at the University of Illinois at
Urbana-Champaign, announced a proof of the four-color theorem — the
claim, open since 1852, that any map can be colored with four colors so that
no two adjacent regions share one. Their method reduced the infinite vari-
ety of possible maps to an unavoidable set of 1,476 configurations, each of
which had to be checked for "reducibility" by machine; the computer ran
roughly 1,200 hours (Robertson, Sanders, Seymour & Thomas, "The Four
Color Theorem"). No mathematician has ever read that check line by line,
and none ever will; the case-work is too vast, and no journal referee re-de-
rives it. The result was the first proof of a major theorem that essentially
required a computer, and it unsettled mathematicians precisely because it
broke an assumption so old it had never needed stating: that a proof is
something a trained human being can, in principle, follow from first line to
last and certify with their own understanding. The four-color theorem is
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almost certainly true. Whether the Appel-Haken argument counts as a
proof in the older sense — something surveyable, something a mind can
hold — is a question the mathematical community has never fully closed.

U 1976 1auius waliwaiuqanlis A Nunninededadueed wasuiun-
wyRUey Usen1Aunigung eunda — 1anand819iAaunfsuny 1852 71
i 4 ldl 1 lsﬂl tdIQ U ya A % ad =
wnuiilag szunemedalalaelidaosnunaniuldd@ineanu veswinwitu
wnuiifiululalidaulindegaiidedadls 1,476 Taswwuu usazlasauy
AedliA3eIns29 "n1sangula" AouNIwmeassus1 1,200 T3l (Robertson,
Sanders, Seymour & Thomas, "The Four Color Theorem") lasidnadinAnans
aulargaunsnsrtuiiazussin uagaglififuiilaseru svrunsainulvg)
wnul wazlufignsramiunsaisauluusyuiudugi dAeunigatusnuas
nauijundagynuinmeunaneshild waziivdunasuinadnaiansiwsiziu
indaauufniitaulinefasynanu: ungauAedsiuyudrkH1un1sRneY
mugulanuAuITIausnausTingaie Tundnnis udasusesiieniy
U1 1a983AL89 NGB UNAFLNUITUULDUINDII widalandsvaduauina-a
v & a oA . a a %
wutuiduunigailuanununeinmielid — &9 surveyable (n529aula

NINUR) FNInuTenansaelila — wimeadineanslimelafianuiaslaass

That unease is this chapter's opening exhibit, and it names the first
principle directly: surveyability is not guaranteed, and its loss changes
what proof can do for us. Descartes's classical picture of mathematical cer-
tainty assumed a chain of steps small enough, and clear enough, for one
mind to inspect every link. Appel and Haken's proof is sound by every form-
al standard computer scientists can specify, yet it asks for a different kind
of trust — trust that the compiler compiled correctly, that the hardware did
not glitch across 1,200 hours, that the case-generating program itself
contained no error. The theorem may be certain; the route to believing it
has become an engineering claim as much as a logical one.

AanulidunsiuRsndnguTwUavesunil waziiusendendnnisusnaonun
(pe U L 4' U a dl a ¢ o 4 14

n549: surveyable lifioglsuuseiu wazllediumely dnunngawinlinsle

Aasuluaie muanuuiueunsadamansuuuaaiadnvesndnisng
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L4
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a (4 14 'V 2/ a a dl‘ ! <
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The second principle addresses a method that never pretended to survey-
ability in the first place: simulation. Paul Humphreys and, at greater length,
Eric Winsberg (Science in the Age of Computer Simulation, University of
Chicago Press, 2010) have argued that computer simulation supplies neither
classical empirical evidence (you cannot rerun Earth's actual climate as a
controlled experiment) nor classical theoretical deduction (a climate model
is stitched from theory, numerical approximations, and hand-tuned para-
meters no single equation justifies). Winsberg calls this a distinct epistemic
category: trust in a simulation rests on trust in the model's construction —
the physics it encodes, the tricks it uses to make intractable equations
tractable, the track record of similar models on cases you can check —
rather than on trust that the modeled object and the real object are, in the
experimenter's sense, "the same kind of system." A hurricane-track simula-
tion is neither an observation of a hurricane nor a proof about one; it is a
third thing, evidence built rather than found.

wannsiiaesduisitliinedvimseaeuldviauaufausidu: nssiaes
(simulation) woa Sun3d uazie3n SudiisnfiasmeuaziBeauinni (Science
in the Age of Computer Simulation, University of Chicago Press, 2010)
THudsinssraesdeneuiumesliliiandngiudsuszdndaanadn (amsu
amwgﬁmmﬂﬁwa\ﬂansgﬂL“‘ﬂumsmammuaﬁlﬂﬁ) wagn1sUsUYLY
ngufeaadn (LuudnasiionAlzinUesaainng el N15UsEanMLs
Fan uazrimesiiusudeiiolaglifiaunisifienlniuses) JudidsniSen
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— Liilamsz3ladningigndrassiuingasadu "ssuvviiafeaiu” Tu
AMUNNNBVRINNAREY N1saendunaeesiaulilinmsdunaigesiau uaz
Tulduniganneniuiu Sufedsnau wangiungnasisu lildgnnuies

The third principle is opacity, and it cuts a line straight through modern
computing. Humphreys coined "epistemic opacity" for processes in which
not all the elements relevant to a result's justification are, even in principle,
available to the epistemic agent making use of it (Extending Ourselves:
Computational Science, Empiricism, and Scientific Method, Oxford
University Press, 2004). A traditionally written program is transparent in a
specific sense: however long, its logic is in principle inspectable, line by line,
by a competent reader. A trained neural network is opaque in a different
sense: its "reasons" are distributed across millions or billions of weighted
connections that were never designed, only grown by gradient descent, and
no human — not even its authors — can trace why one output rather than
another emerged. This bears directly on machine testimony: when a
diagnostic model flags a tumor, is that a report from a reasoning entity, to
be weighed the way we weigh a colleague's judgment, or a reading, to be
weighed the way we weigh a thermometer's? The two carry different epi-
stemic weight, and opaque systems make it uncomfortably hard to tell
which one you are getting.

winAsTiauAsauitv (opacity) wazsfurinanssniseuraadelmidu
\Wunse sunsdlyaiRnninanuiiuiBeynainen (epistemic opacity) 1314
nszuruNsfissdusznaudaisfestunisTimaunasosunadnslailfiDeleg
§(epistemic agent) ldsudndslansu wilundnns (Extending Ourselves:
Computational Science, Empiricism, and Scientific Method, Oxford
University Press, 2004) Tusunsuiideusuuaadnlusdaluanumuneany
ot azenudluufionu assngvesiulaligeifauannsonsiad
azussvinlalundnnns lasstheuszaifieudiniuntsiinfiuauazuuy;
"waua" vessiunszaweglunisiensamaimdniudunienuduga il
flasoonuuu fusugntudas gradient descent uarlifiuywdaula — fass
fueafidae — musesldiniluendnnitdnaoonuunudndunils Feail
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ASENUANLANIS (testimony) vouazednslnense: Wouuusaeddifadefise
wuiiiesen tufessauandsilivanald Adesdaminegeilsdeh
FaduvesiousIunu wieRan1seuA ifesdsedsiisdaiiavan
wesluliines ama&haﬁuunﬁmﬁ'ﬂL%azy']cuf‘mm (epistemic weight) laitvinfiu
wazszuuivvinlivenlaginegadndninnumaslaouln

The fourth principle replays an old civil war under new names: program
verification versus testing, rationalism versus empiricism. In May 1979,
Richard De Millo, Richard Lipton, and Alan Perlis published "Social
Processes and Proofs of Theorems and Programs" (Communications of the
ACM 22, no. 5! 271-280), arguing that mathematical certainty rests on a
social process — peers checking, re-deriving, and eventually trusting a
proof — that program verification could never replicate at scale, because no
comparable community will re-verify a million-line formal proof of a
shipped product. James Fetzer's 1988 "Program Verification: The Very Idea"
(Communications of the ACM 31, no. 9: 1048-1063) sharpened the objection
into a philosophical claim: algorithms, as abstract logical structures, admit
deductive proof; programs, as physical processes running on real, occasion-
ally faulty hardware, do not, because no deduction can certify that silicon
will behave as its specification assumes. The verificationist's rationalist ideal
— prove it once, know it forever — meets the tester's empiricist reply, dis-
tilled by Edsger Dijkstra a decade earlier: "Program testing can be used to
show the presence of bugs, but never to show their absence" ("Notes on
Structured Programming," EWD249, 1970). Neither side has won; software
ships today on some blend of both, verified where it is cheap enough, tested
everywhere else.

Y] Aaa = N ) v ' a < ¥
nannsndreaenTunallisniMauginielavelni: n1siganiaugnees
va4lUsunIu (program verification) fiun1snagaU tiANatisw (rationalism)

(% “a « e . I a L4 a a L4
AuUszaunsaliien (empiricism) LABUNgEAIAN 1979 S50 nediala S¥150
aUAU LazeaU Ltwasaad AW "Social Processes and Proofs of Theorems and
Programs" (Communications of the ACM 22, no. 5: 271-280) YolAudevng
WINLVIABAUIUUOUNNALAAIENTINDYUUNTEUIUNITNNAIAY — LU
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2129150993 BT wiiluiigafifeuniigaiitu — wagnisiigatinnu
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WaT8nseU "Program Verification: The Very Idea" ¥91aud iniwasy 1988
(Communications of the ACM 31, no. 9: 1048-1063) Fudednautiilidu
Yonam1ugeusvey: danesiuluguelAsias1ugInssnsuINsITUSUUN
Agatdeinivld uslusunsulugiuenssurunmsmsmeniwiisuvusniauns
s3edaunndaunnseniufulild msglifinmsdsteladuserindaneuasiin
fhogniitermunaunily gauafinanaisuvesdiofgatinnugndos —
Agatinsaifien fnaoall — uwudmeulduuulssaunisaiionvesie
naaeu idnaines lafanmasulineuntiduniimesswin "nsmaaey
Tsunsulduansnisfioguasinld uiliinslduansnislifioguosiuldiae”
("Program testing can be used to show the presence of bugs, but never to
show their absence") ("Notes on Structured Programming," EWD249, 1970)
Taifidelavug sewdursnniuildueudsdunauvonisaes Agadaanu
gnéesnsaiinaignwe naaeulufiimdevionse

The fifth principle is the oldest trap in epistemology, wearing a sensor's
housing. Edmund Gettier's three-page 1963 paper, "Is Justified True Belief
Knowledge?" (Analysis 23, no. 6: 121-123), showed that a belief can be justi-
fied and true and still fail to be knowledge, when the justification and the
truth connect only by luck — the classic image is a stopped clock that hap-
pens to show the correct time. Automated pipelines manufacture this
structure routinely: a facial-recognition system with a genuine bug — mis-
calibrated, say, on faces at a certain angle — can still output the correct
match on a given frame, by accident, while carrying all the institutional jus-
tification ("this system is 99% accurate") that would normally certify a belief
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as knowledge. The output is true, and reasonably trusted, and arrived at by
a process that, on that occasion, was not doing what its justification
assumed it was doing. Gettier's stopped clock now has cameras.

]
v v A

nanAISNIIABAUANILATAA WY IINeT @uFoniwugosul UnANETN
nrveudatud nnRwsY 1963 "Is Justified True Belief Knowledge?"
(Analysis 23, no. 6: 121-123) LLam'j']m'mL%Mﬁdﬁmawasaa%’mmmﬂu%’%a
wiaunuls lnedslildainug dunanasesduiuanuasaussauiumeniny
By — aMmeatadnasuinmgaiunUudyueniiaign arewiusnludi
nanlassasrswuuiioanundulsed: szuvendnlunthidunas auudnusy
WisuRaduTundyunila Salinaduaingniesuinsunilslalaedadey v
WUNRAKASEISUITIEaTURANYA ("szuuiluaiugn 99%") Famuunfiaziuses
= = v & 14 v & & a 1% 1% 1
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The people, briefly. Appel and Haken took considerable heat for a proof
many still call inelegant rather than false. Humphreys and Winsberg built an
entire subfield — the philosophy of computer simulation — out of taking
seriously a method working scientists had already trusted for decades
without asking what kind of evidence it was. Fetzer's 1988 paper triggered
pages of technical correspondence within a year and a debate still cited
today — one of the longest-running controversies Communications of the
ACM ever printed.

Wau Tagga weUinadugnaulauinsaininweaunds dmsuunigainnaiy
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= (4 ¥ a a ¥
T unaudl 1988 vounnwesynvLILIRKUIElARDULTNATIAAIE W
melunilal wagnisanifieandgnanstaniuil — nilsludedaudangueny

ﬁ’qm‘vhﬁ Communications of the ACM tAgNuNW

40



EPISTEMOLOGY

Connections - 1%aule

Chapter 01 supplies the proof-theoretic background — soundness, com-
pleteness, and Godel's limits — that surveyability quietly assumes. Chapter
09 asks what undecidability licenses philosophically, a companion question
to what unsurveyable proof licenses here. Chapter 13 returns to opacity
from the learning side: interpretability research as a laboratory for finding
out what, if anything, is inside the black box.

unifi 01 qquwmquwgumwmu — ANUANMAANALTIATING AIM
auysal uazdadrinvaainaiia — 7 surveyability auu@l¥ieus unii 09 a1
nsandulild (undecidability) aygaliensezlsladnsludeusagn Wudn
audiuAsiiuniigaidenaaeunaualildoygaliddluuni und 13
ndumfimnuiivanilinisGeus: :uAde interpretability Tugiugiomaaosii
MAuinfiezlseglunaesen and

Open questions - A1aundalnag

If a proof can be certain but not surveyable, has "proof" quietly changed
meaning since Euclid, or did it always mean "warranted to the standards of
the day" and Euclid's standards were simply stricter than ours by accident
of history? And is machine opacity a temporary engineering limitation in-
terpretability research will eventually dissolve, or a permanent structural
feature of any system whose "knowledge" is distributed statistically rather
than written down as rules?

aunigauniauiueulalaensivdeunualuld A9 "unigau” Waeu

mmwma"l,ﬂmﬂuq Raudgagadnuielal vietuudad “ldunisiusasmnu

IATFIUVOILATIL” IAADA LAZIATTIUTBIYARARLATINIT ISR E

autiadymnelseiimans wazanufiuresnsesinaludosind

a Y] a av o £ P = [J

AAINTIUTIATIINUINY interpretability dzaanesiulaluingn wseilu

AudNUuzLBNlAsIas19n15vessEuLlag 1 "aus" vesiunseaued deana
= IS P

wnunazgnilsuliidung

41



EPISTEMOLOGY

Go deeper - 91Ufid

— Eric Winsberg, Science in the Age of Computer Simulation, University of
Chicago Press, 2010 — the founding case for simulation as its own
epistemic category.

Eric Winsberg, Science in the Age of Computer Simulation, University of
Chicago Press, 2010 — St’l'aLauada&y’qﬁm%’umsﬁﬁaaﬁugmwmwyjLG?N
UIUINYIVDIAINULDY

— Richard A. De Millo, Richard J. Lipton, and Alan J. Perlis, "Social Processes
and Proofs of Theorems and Programs,” Communications of the ACM 22, no.
5 (1979): 271-280; James H. Fetzer, "Program Verification: The Very Idea,’
Communications of the ACM 31, no. 9 (1988): 1048-1063.
Richard A. De Millo, Richard J. Lipton, and Alan J. Perlis, "Social Processes
and Proofs of Theorems and Programs," Communications of the ACM 22,
no. 5 (1979): 271-280; James H. Fetzer, "Program Verification: The Very
Idea," Communications of the ACM 31, no. 9 (1988): 1048-1063

— Computer Simulations in Science, Stanford Encyclopedia of Philosophy.

Computer Simulations in Science, @157UnsuUvaYIALAUNDIA (SEP)
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PHILOSOPHY OF MIND

CHAPTER 04

Philosophy of Mind

USBEY 19N

Part I's fourth hearing: metaphysics asked what a program is; this chapter asks
whether that same kind of thing could be what you are.
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Is the mind what the brain computes?
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In 1980, John Searle asked readers of Behavioral and Brain Sciences to ima-
gine him locked in a room with a rulebook written in English and a slot
through which cards covered in Chinese characters arrive. Searle does not
read Chinese. But the rulebook is good enough — for any incoming string of
characters, it tells him, by shape alone, which characters to pass back out.
To a Chinese speaker outside, the answers look fluent, even witty; the
room, treated as a black box, could pass a Turing test conducted in Chinese.
Searle's question was simple and became one of the most argued-over
pages in twentieth-century philosophy: does anyone, or anything, in that
room understand Chinese? His answer was no. A person manipulating sym-
bols by their shape, however successfully, is not thereby extracting their
meaning — and if that is true of a man with a rulebook, it is true of a com-
puter running the equivalent program, however large. Searle called the
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paper "Minds, Brains, and Programs" (Behavioral and Brain Sciences 3, 1980:
417-457); the journal ran it in its open-peer-commentary format, its object-
ors printed alongside, and the arguing has not really stopped since.
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The Chinese Room was aimed at a specific, then-dominant target, which is
this chapter's first principle: the computational theory of mind. Hilary Put-
nam's papers from 1960 onward, culminating in "The Nature of Mental
States" (1967), proposed that a mental state is not defined by what it is made
of — neurons, silicon, anything — but by its functional role: what causes it,
what it causes, how it relates to other mental states. His guiding picture
was the Turing machine, whose abstract "machine table" of states is exactly
the same whether it runs on relays, vacuum tubes, or a napkin and a pencil,
so long as the transitions are honored. Jerry Fodor pushed the theory from
an analogy into an architecture in The Language of Thought (1975): thinking,
he argued, is computation over an internal symbolic code — "Mentalese" —
with a combinatorial syntax and a compositional semantics, exactly the kind
of structure a digital computer manipulates. On this view, a mind literally is
a program running on the wet hardware of a brain, and Searle's room is the
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theory's most inconvenient test case: a system that, on Putnam and Fodor's
own terms, is running the right program, and yet — Searle insists — plainly
understands nothing.

Y . & aa 1 & v oA
\Unveiasdu (Chinese Room) ABVA¥A7IATEINNITBINDULY LAziiuAD
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The second principle sits one level below that metaphysical claim, and it is
easy to confuse with it: Alan Turing's 1950 proposal, in "Computing
Machinery and Intelligence" (Mind 59, no. 236: 433-460), that the question
"can machines think" is too laden with undefined terms to argue product-
ively, and should be replaced by an operational one — can a machine's con-
versational behavior be mistaken for a human's, in a structured game of
questions and answers? Turing was not claiming that passing the game
proves the presence of a mind; he was proposing to stop asking the meta-
physical question and start measuring the behavioral one. The distance
between Turing's move and Putnam and Fodor's is exactly the distance the
Chinese Room exploits: Turing offers a test for behavior; the computational
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theory of mind claims that the right behavior-producing process, whatever
it turns out to be, simply is thinking; Searle's room passes the first while, he
argues, refuting the second.

NaNN5Na090EAINITaNa19919 B0 AT U INUNINTEAU wagAuduaNAY
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The third principle is the argument's afterlife: the replies, and what they
reveal. The "systems reply" holds that Searle is right that the man alone un-
derstands nothing, but wrong to conclude that no one does — understand-
ing, on this view, belongs to the whole system: man, rulebook, and paper to-
gether. Searle's counter was to have the man memorize the entire rulebook
and work the transformations in his head, leaving no separate "paper" for
understanding to hide in; by his lights, still no understanding, only a faster
clerk. The "robot reply" tries a different repair: wire the room to cameras
and motors, so the symbols are caused by, and cause changes in, a real
world instead of arriving from and returning to another room. Searle's re-
sponse — the symbols are still just more symbols, now merely triggered by
transducers rather than slips of paper — names, without quite solving, what
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later literature calls the symbol grounding problem: rules connecting sym-
bols to other symbols, however elaborate, may never on their own reach the
world the symbols are supposed to be about.
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The fourth principle is an older civil war that current Al reopened rather
than settled. Fodor, together with Zenon Pylyshyn, turned his defense of
the language of thought into a direct attack on the rival architecture then
rising in cognitive science: connectionism, the parallel distributed pro-
cessing (PDP) networks of David Rumelhart and James McClelland's 1986
volumes. "Connectionism and Cognitive Architecture: A Critical Analysis"
(Cognition 28, 1988: 3-71) argued that thought is systematic in a way pure
connectionist networks cannot, in principle, explain: anyone who can think
John loves Mary can think Mary loves John — the two thoughts share com-
binatorial parts that recombine, which requires, they claimed, an underlying
symbolic syntax, not a pattern-matcher trained on enough examples of
both shapes. For thirty years the argument looked mostly settled toward
hybrid views. Large language models reopened it at a scale nobody in 1988
anticipated: systems built from nothing but weighted connections now pro-
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duce output systematic enough to fool most casual tests, with no hand-
built symbolic layer in sight — and the field is still arguing — empirically
now, not only philosophically — whether that refutes Fodor and Pylyshyn or
whether large networks quietly learn something symbol-like after all, a
question chapter 13 picks up.
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The fifth principle is the one no reply above touches: David Chalmers's dis-
tinction, first presented at the 1994 Tucson conference on consciousness
and published as "Facing Up to the Problem of Consciousness" (Journal of
Consciousness Studies 2, no. 3, 1995: 200-219), between the easy problems of
mind — explaining discrimination, integration, reportability, attention, all of
them tractable, in principle, by computational or neural mechanism — and
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the hard problem: why any of that processing is accompanied by subjective
experience at all, why there is something it is like to be the system doing it.
A computational theory of mind, however complete, explains structure and
function; Chalmers argues it can stay silent on why function comes with
feeling, illustrated by his "zombie" duplicate — functionally identical to a
conscious being, with no inner experience at all. Whatever one makes of
zombies, the hard problem marks where this chapter's apparatus — pro-
grams, functions, computation — may run out of the right kind of thing to
explain. What current Al revives is all four earlier principles at once, unre-
solved, at a scale nobody argued at before: the field keeps measuring beha-
vior, because behavior is what it knows how to measure, while the Chinese
Room's question has not gone anywhere.
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The people, briefly. Putnam abandoned computational functionalism before
many of his own students did, uneasy with a theory that could not survive
his own triviality argument from chapter 02. Fodor defended the language
of thought against successive rivals for forty years and outlived most of
them. Searle has never claimed computers cannot in principle think — his
target is the sufficiency of syntax, not the possibility of machine minds by
other means. Chalmers named the hard problem in his twenties and has
spent every year since being asked to solve it.
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Connections - 1%a3la4

Chapter 02's implementation problem is this chapter's silent premise: if im-
plementing a program does not settle what a system is computing, func-
tionalism inherits that gap directly. Chapter 08 returns to embodiment from
Dreyfus's angle, against which the robot reply is a partial, contested answer.
Chapter 09 owns the Lucas-Penrose argument, which aims Godel's limits at
this chapter's thesis from outside. Chapter 13 owns the full empirical run of
connectionism versus symbols, grounding, and what interpretability finds
inside the systems this chapter can only interrogate from outside.
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Open questions - A1auigalnag

If Turing's operational test and Searle's understanding-requirement are
both individually reasonable, can they be held at once — is passing the imit-
ation game evidence of thought, weak evidence, or simply orthogonal to it?
And if the hard problem is genuinely intractable to computational explana-
tion, what follows for how we ought to treat systems whose behavior in-
creasingly resembles a mind's, when behavior is the only thing any test —
Turing's included — was ever built to measure?
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Go deeper - 91Ufid

— Margaret A. Boden, Mind as Machine: A History of Cognitive Science, 2 vols.,
Oxford University Press, 2006 — the field's own history, told by one of its
central participants.

Margaret A. Boden, Mind as Machine: A History of Cognitive Science, 2
vols., Oxford University Press, 2006 — Us¢IRdansva99n15104 tanlnenile

lugfiunumnan

— John R. Searle, "Minds, Brains, and Programs,’ Behavioral and Brain Sciences
3 (1980): 417-457; Jerry A. Fodor and Zenon W. Pylyshyn, "Connectionism
and Cognitive Architecture: A Critical Analysis," Cognition 28 (1988): 3-71.
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John R. Searle, "Minds, Brains, and Programs," Behavioral and Brain
Sciences 3 (1980): 417-457; Jerry A. Fodor and Zenon W. Pylyshyn,
"Connectionism and Cognitive Architecture: A Critical Analysis," Cognition
28(1988): 3-71

— The Computational Theory of Mind, Stanford Encyclopedia of Philosophy.

The Computational Theory of Mind, msmﬂsuﬂ%’sumﬂmmum%ﬂ (SEP)
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PHILOSOPHY OF LANGUAGE

CHAPTER 05

Philosophy of Language

USyey1n1un

This chapter sits in Part I, the Court of Philosophy — the fifth hearing, where
philosophy asks the machine what its code, and our own speech, actually mean.
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How does code mean — and how do we?

Tansianununelasenals — waqsiay

On 17 June 2016, an anonymous attacker called a function named splitDAO
inside The DAO, a decentralized investment fund that had raised over $150
million in ether from thousands of contributors that spring. The function
was supposed to let a member withdraw their share and then update the
fund's internal ledger — but it updated the ledger after sending the funds,
not before, so the attacker called it again from inside the same transaction,
before the balance had changed, and kept calling it in a tight recursive loop.
By the time the loop stopped, roughly 3.6 million ether — around $50 mil-
lion by the day's reporting — had drained into an account the attacker
controlled (Chainlink, "Reentrancy Attacks and The DAO Hack Explained").
Nothing the attacker did violated a single line of the contract's code. Every
call matched every rule exactly.
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DAO Hack Explained")

Ethereum's community split over what had just happened. One faction in-
voked the movement's own slogan, "code is law" — a contract's terms are
whatever its bytecode executes, and a transaction that follows the code to
the letter cannot be theft, whatever a plain-English reading of the fund's
purpose would say. The other faction held that a contract has a purpose
beyond its literal text, and on 20 July 2016, at block 1,920,000, the majority
forked the entire Ethereum blockchain to reverse the theft — the holdout
minority who kept the original chain became Ethereum Classic (The Block,
"The DAO Hack at 10"). Both camps were looking at identical bytes of source
code. They disagreed about what those bytes meant.

wiansiheuasludyadisafudes veswosaldn udg muaramanglinseiu
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Ethereum Classic (The Block, "The DAO Hack at 10")

That disagreement is philosophy of language's oldest question, arriving
through customs with a shipping label that says computer science. Fifty-
five years earlier, Ludwig Wittgenstein had already named the trap waiting
for anyone who thinks a written rule settles its own application: "This was
our paradox: no course of action could be determined by a rule, because
any course of action can be made out to accord with the rule" (Philosophical
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Investigations §201, 1953). Saul Kripke's reading of the passage sharpens this
into a skeptical challenge: nothing in a rule's text, and nothing in your past
training on it, logically forces one continuation over any other of the
infinitely many that "accord" with it (Kripke, Wittgenstein on Rules and
Private Language, 1982). Computing built an entire discipline, formal se-
mantics, on the bet that code was the one place this problem could finally
be closed. The DAO is the place the bet came due: the reentrancy loop ac-
corded perfectly with the contract's literal rules, and whether it violated the
rule depended on an interpretation the bare text could not supply.

YoUALEIUUADAINUNLANAAVDIUTBEYIN1YT HUHIUAIUAANINTUINT DY
Uhedsveilauiningn1saeuiiames (computer science) Wauny

1 v & . . . Y A o o A < a4 1 A A 14
fAaumni Ludwig Wittgenstein Astafiudinfisalasnauiieinngneul’
Anaunslgauvesiiedlalind — "dRsufnssatvaast liduwmisUiun
TafingazAmuald szuwmujidlanauivinligaeandssiungldiaue”
("This was our paradox: no course of action could be determined by a rule,
because any course of action can be made out to accord with the rule")
(Philosophical Investigations §201, 1953) Saul Kripke 81udaniuiiunaiauli

=1 < v v a Y a 1 v 1
Auduluderimedsasdeiion — liiezlsludiunveng wazlidozlslunis
=2 :l' 1 L% L% v o ¥ A 1 dll d! I
Hnrunenuinvesnuiuiy dsiunenssnglmaenanusieiiaswuunilamiie
= < Y o 5% a " 1% n 2. 1 [y
dnuuu ananudululimivlidiun "aenmdes (accord)" Aunguing fiu
(Kripke, Wittgenstein on Rules and Private Language, 1982) 24013
ABUNILABSATINEAIVIIVITUNINIAIVT ABAIUNNBLTIFUTTY (formal
semantics) Uun1swiuIlAnAeuisAgINUaleynillaass The DAO Aaduf
nswilulusninuadie gunisisengudnlulu (reentrancy) donndasiung
AURIBNBIVOIAYYIEANY Al daumaNiniuaziiin ng weeli Jufiu
I dlu} 1 v v
asinunaunuans Tilila

Formal semantics offers two rival answers to "what does this program
mean," and both were built to escape exactly Wittgenstein's problem by fix-
ing meaning so completely that no ambiguity survives. Operational se-
mantics, in the tradition Gordon Plotkin formalized in his 1981 Aarhus
lecture notes "A Structural Approach to Operational Semantics" (Plotkin,
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DAIMI FN-19, Aarhus University, 1981), defines a program's meaning as the
sequence of machine states it produces — meaning as a trace, checkable by
simulation. Denotational semantics, which Christopher Strachey and Dana
Scott built at Oxford's Programming Research Group, instead assigns each
program a mathematical object directly, typically a function from inputs to
outputs, and handles the hard case — a loop, a recursive call — by finding
the least fixed point of that function over a structured space called a
domain (Scott & Strachey, "Toward a Mathematical Semantics for Computer
Languages," PRG-6, 1971). Both approaches genuinely succeed at their stated
job: they make what happens fully determinate. Neither one touches Wit-
tgenstein's actual question, which was never about the machine's next state
— it was about whether the state the machine reaches is the one the rule
was for. That gap is exactly where the Ethereum fork fell.

a Y . o o & a v 1
AUNUBLTIUE (formal semantics) viduSasunusenialy udneuauaz
AauAunUSyeaeld duauernauguusiuassnuudaniniy “Tusunsuid
ANUTNgdegls” wavaswsdewuuIuLNeunlitynives Wittgenstein
Tngnse Mensnsenurunguiuaulifinuiinumdesen AURLNELIT
U{URAN3 (operational semantics) AuUsgwein Gordon Plotkin vl lugy
Helulenansusznaun1sussenen Aarhus U 1981 1584 "A Structural
Approach to Operational Semantics" (Plotkin, DAIMI FN-19, Aarhus

. . a 13 o W & A o
University, 1981) lgnuauunigvssldsunsuiduainuaniuzveansosnsiu
a519%u — Anananglugiugsessen (trace) Nnsialdniunsdnass
AMUNUNLTINBY (denotational semantics) 71 Christopher Strachey iU Dana
Scott @519% Programming Research Group 484 Oxford vi18aN14 ﬁa%’ui’mq
neadinaranslaliunazlusunsunses Inguniduienduaindunaly
L@IANA wazsulionsalenn — gu N15senHenduRIes — MEN1TNIARSS
4 d' . . ¢ o 35 =] dgll dld b4 d' a J
woangn (fixed point) vosilsndunumilanunilasadisnizaniilawu
(domain) (Scott & Strachey, "Toward a Mathematical Semantics for
Computer Languages,” PRG-6, 1971) viag¥inlei asfitindiu datauutuounud
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254 uslsifilasunzAraiuves Wittgenstein tae aanuiiulaineduisesanius
[ & Y < & 1 a & =< & a avyy & =
dnluvaaases duduizesianuzieiaslutisieaniuzngdl 1ine wse
\wWa PaviviufAegain1snesn Ethereum anasluwef

Protocols answer a different question about meaning: not what a message
describes, but what it does. J. L. Austin's How to Do Things with Words —
delivered as the William James Lectures at Harvard in 1955, published
posthumously in 1962 after his death at 48 — named these performatives:
utterances that are the act, not a report of it, valid only when "felicity con-
ditions" hold, the right speaker, the right circumstance, the right procedure
in the right order (SEP, "Speech Acts"). A commit does not describe a
change to a repository; it is the change. A cryptographic signature does not
report that you consented; producing it is the consenting. A TCP handshake
does not describe an agreement to talk; completing it opens the channel.
Protocol designers were enforcing felicity conditions mechanically — a mal-
formed handshake simply fails, the way an insincere promise fails to bind —
before Austin's vocabulary for it had even reached computing.

TnslnAeaneumanuauagztaisesarunue lildihdeanuusseesls
wsidnduvinezls J. L. Austin Tu How to Do Things with Words — ussenalusn
William James Lectures i Harvard U 1955 fuwlud 1962 wdaundedinde
Su 48 U — Bundamaniiinusynadi@enseii (performative) Segunasiaaiiu
fentsnsevin ldldseaunisnssi uadldldredle "Neuluanuduiaves
Faunssu (felicity condition)” 1Uua3s Aenngnau aniunisalgndaig
TunougnEIRU (SEP, "Speech Acts”) n13 commit lailédussenenisiudsunuag
TuiliAv (repository) sfuAenisiUaeuulasiu anedudsa (cryptographic
signature) liilémeauiaabusen nsareiutuindontsBusen msduile
TCP (TCP handshake) lsildussensdannasiiazaeiu nsvitlidiudSadonis
Wadeadeyaya ﬁ;faaﬂLL‘U‘UTWsivmaaﬁ’aﬁﬁlﬂifﬁau“l%mmﬁﬂﬁwaﬁaunssu
renalnandeuiidndwiives Austin azifiumanisanisaesiamesiaed
— msé’uﬁaﬁﬁmgﬂquﬁé'mmmvlﬂmsq wuuiieafumdyiiliesda
aumadtunsynde
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Meaning at the level of whole sentences split into two research programs
computing has now run as a fifty-year experiment. Richard Montague's
"The Proper Treatment of Quantification in Ordinary English" (1973, univer-
sally cited as PTQ) tried to give English the compositional rigor Frege had
given arithmetic: every syntactic rule paired with a semantic rule, a sen-
tence's meaning built strictly from its parts via intensional logic (SEP,
"Montague Semantics"). Its rival needed no logical form at all. J. R. Firth's
1957 line — a word is known "by the company it keeps" — built on Zellig Har-
ris's distributional hypothesis to found distributional semantics: a word's
meaning just is the statistical shape of its neighboring words. Tomas Miko-
lov and colleagues made that idea computationally cheap in 2013 with
word2vec, and every large language model since has inherited the bet
whole (Mikolov et al., "Efficient Estimation of Word Representations in
Vector Space," arXiv:1301.3781, 2013). For four decades computing funded
Montague's structure-first program; the last decade switched almost en-
tirely to Firth's context-first one — and the switch produced fluent ma-
chines built on a theory of meaning with no place in it for a proposition.

anunneseaulsleaneUstleauanidudesansTusunsaide uazaanis
AONRIMDINARBITIAREBNLEEUT 91U "The Proper Treatment of
Quantification in Ordinary English" %84 Richard Montague (1973 ﬁnnﬂuéﬁq
TuTede PTQ) nenenuuauaMudumndalsznau (compositionality) 19
Awdangy Wi Frege wauliiavadin — nnnganeduiusiugiung
AnuIneniete AnumnevasUstleanetuandiulsznausguadinn
NUATINZLBRAUN (intensional logic) (SEP, "Montague Semantics") AL
vauiulifasldguwuunssng (logical form) tae Uszleavas J. R. Firth ¥ 1957
finsrgdnduils "nwandisuaunm’ desenauufgnudanisnszany
(distributional hypothesis) W84 Zellig Harris usadumnumnei@anis
n5%918 (distributional semantics) — AMUWNNEYBIAINABFUNSITIARRVDS
Adradss withues Tomés Mikolov wazaazvinliledeidmuaallalusian
Qmﬁaﬂ 2013 ¢78 word2vec uaglumaniwnuualngj (large language
model) 1/1ﬂﬁaﬁumﬂﬁu%’uwﬁuﬁauﬁlﬁﬁuG] (Mikolov et al., "Efficient

Estimation of Word Representations in Vector Space," arXiv:1301.3781,
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2013) Aneasse Ruidelualumalassadaunneuues Montague NA5514a1
andnelunisuiunanneunes Firth ieuvianun uagniséhensaili
\Fesdnsiinandes vunguianumineiilivdeiiddliussnail
(proposition) Lagdniia

Which is the test an LLM actually runs on philosophy of language, and the
verdict splits. Wittgenstein's later view — "the meaning of a word is its use
in the language" (Philosophical Investigations §43) — looks vindicated by a
model that has never touched a referent and still produces sentences no
fluent speaker would flag as wrong. But Stevan Harnad named the missing
piece in 1990, before any of this was built: a system that manipulates sym-
bols by their shapes and their relations to other symbols alone, never
anchored to what the symbols are about, is stuck trying to learn Chinese
from a Chinese-Chinese dictionary — perfect internal coherence, zero
contact with the world (Harnad, "The Symbol Grounding Problem," Physica
D 42, 1990). The large language model is the best evidence a pure use-the-
ory of meaning has ever been handed, and the clearest working model of
exactly what grounding critics warned an ungrounded use-theory would
look like.

Tuman1wvuaing (LLM) Asunvaaauassnusvsann1uifnedas wagan
Anduuaniudsnie yuussgAnasuss Wittgenstein — "AMURLNEYDIAT
nilaAenIsldnuvesiuluniw” (Philosophical Investigations §43) — alasu
A o av a ¥ a v Y o a av o
nstudu mszlunanliimeunzdssnsds (referent) dnassdananuszloainly
fidrvesmwauluuiiniida ue Stevan Harnad Asdedudiunviamely
2.’1 1 J dy L4 :9!( 2/ sg dl v (% L4
AusU 1990 nauvaInINlignasaumey — seuuivdudydnualaig

1 £ v v

SUSIUBIUULLALANUAUNUS

Y

Audyanealduwinuu lueedalusiudd
U U L3

deydnwalyade NunllauRnegiunisisaunwduannauynsudu-u
aspAassnuluiesegwauysal lunzlana3aasdniia (Harad, "The
Symbol Grounding Problem," Physica D 42, 1990) Iumamwwmﬂimﬁuﬁu

Y oo odad 4 o Y _
MINANFIUNANAANNG BHAIUNNIBAINNTSTY (Use theory of meaning) WUy
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a £ 29 3 ° v va o A A dou a ¢ &
U3sgnsaelasu uasiluwuuirassddauldndangavesdaminiansalisoanis
= . a v = yay 1= o
gale (grounding) Waulirmgufmununeainnisldnlidgnlesazniien
WJuednsls

Connections - 1%aile

Chapter 01 supplies the logical apparatus — Frege's quantifiers — that both
Montague and denotational semantics depend on. Chapter 02 returns to
the type/token question this chapter only brushes: is a smart contract's de-
ployed bytecode the same thing as its Solidity source? Chapter 04 runs the
same grounding argument through the Chinese Room, and chapter 13 tests
it against machines trained on nothing but text. Chapter 12 shows what
happens when "the code says what it means" is pushed furthest — a proof
assistant, where the rules really do settle every case.

P v a & -1
un 01 TiinalniBenssnzvia Montague WAZAMNNUNYLTITY
(denotational semantics) WaW1 — AUIUIUN (quantifier) B4 Frege Un
02 naulumUaymastin/Aag19934 (type/token) MUNumziNeaRIRAL —
bytecode #1 deploy 233984 smart contract I UuAAIfUvaTa Solidity ves
L% L= 1 dl a £4 L4 d' = . a % dy 1
fiunsald uni 04 Audelsudausesnistnles (grounding) YaLRAenuilnIy
#0339u (Chinese Room) Un¥ 13 lensiuluneaeuiupiesdnsiinaindaniy
a7u9 UnM 12 wanslareni9wed "TAnuenANRNNgYaiIuLee" liagnuan
lUaugn — proof assistant NngAndunnnsailaass

Open questions - A1aundalnag

If formal semantics can specify a program's behavior completely and still
leave open what the program was for, has it solved Wittgenstein's problem,
or only changed which question gets answered? Did distributional se-
mantics win because it is a better theory of meaning, or because it is the
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theory computers could finally afford to run at scale? And if an ungrounded
system passes every behavioral test of understanding, what work is
"grounding” still doing, beyond naming a discomfort?

14 a L% . a 4
91ANUNNELTIgUNY (formal semantics) seynginssuvadiusunsula
AsUIU uadeisAauAgl i Tusunsuiudl 1we exls dunddemives
Wittgenstein 19939 MsauAlUAEUAININNNBU AUKNIEITINITNTEAY
. . . . < I~ Aa =l

(distributional semantics) YULLWIZLUUNE EHAMUNRNIYNANIT RIDLNIY

& aa a o P A 1% v e '
Junguineeuiawmessulmiluanalugiden uazdrszuunlugalessinuun
nagauBawgAnssuvesaudiilalavnde "n1s8ales (grounding)” §avinenu
azlyeg wenannsvelimnuidnldauiele

Go deeper - 91Ufia

— Ludwig Wittgenstein, Philosophical Investigations, trans. G. E. M. Anscombe,
Blackwell, 1953 — §§138-242 is the rule-following argument this chapter
borrows.

Ludwig Wittgenstein, Philosophical Investigations, trans. G. E. M.
Anscombe, Blackwell, 1953 — §§138-242 Aadalaugdii3aen1sviiniung
(rule-following) Nuniinduduuly

— Richard Montague, "The Proper Treatment of Quantification in Ordinary
English," in Approaches to Natural Language, ed. Hintikka, Moravcsik &
Suppes, Reidel, 1973, pp. 221-242 (PTQ), read against Toma§ Mikolov, Kai
Chen, Greg Corrado & Jeffrey Dean, "Efficient Estimation of Word Repres-
entations in Vector Space,’ arXiv:1301.3781, 2013 — the two theories of
meaning computing actually tried, forty years apart.

Richard Montague, "The Proper Treatment of Quantification in Ordinary
English," in Approaches to Natural Language, ed. Hintikka, Moravcsik &
Suppes, Reidel, 1973, pp. 221-242 (PTQ), read against Tomas Mikolov, Kai
Chen, Greg Corrado & Jeffrey Dean, "Efficient Estimation of Word
Representations in Vector Space," arXiv:1301.3781, 2013 — aamqw{j
AuIeiinsnsaeuiamesasdliass afuaaud
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— Stanford Encyclopedia of Philosophy, "Montague Semantics" — the standing
account of where formal and natural-language semantics meet.

Stanford Encyclopedia of Philosophy, "Montague Semantics" — Uuinuan
15999AN1ANUNLNETFUTBAUAMUNUNEN YIS TINYVIRNIUTTAUAY

62


https://plato.stanford.edu/entries/montague-semantics/
https://plato.stanford.edu/entries/montague-semantics/

ETHICS

CHAPTER 06

Ethics

A3uAIEANS

This chapter sits in Part I, the Court of Philosophy — the sixth hearing, where
philosophy asks the machine whether a decision keeps its moral weight once a system
makes it.

nslaaiunsan 6 Tunia | Aausveyn Aetegvesuni Ussenaiuasedinsinnmsanau
Taniladanuiminnmsdasssuveaiulilavsela Wisssuuluddnduunu

Can a decision be delegated without losing its morality?

dsnansanaulalnasduvinunu Insdasssuvasdiuluvaldaie vinlauselu

On a spring afternoon in 2014, eighteen-year-old Brisha Borden and a
friend grabbed an unlocked kid's bike and scooter in a Fort Lauderdale sub-
urb, rode them half a block, and were arrested for burglary and petty theft
— total value, $80. The previous summer, forty-one-year-old Vernon Prater
had been picked up for shoplifting $86.35 of tools from a Home Depot; he
had already been convicted of two armed robberies and an attempted
armed robbery. Both were scored by COMPAS, a proprietary risk-assess-
ment tool used across Broward County, Florida, to predict the likelihood of
reoffending. Borden, Black and a first-time adult offender, scored 8 out of
10 — high risk. Prater, white and a repeat violent felon, scored 3 — low risk.
Two years later, ProPublica's investigation found the algorithm had gotten it
backward: Borden was not charged with any further crime; Prater was soon
incarcerated again (Angwin et al., "Machine Bias," ProPublica, 23 May 2016).
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Across more than 7,000 Broward County cases, Black defendants who did
not reoffend were misclassified as high-risk at roughly twice the rate of
white defendants who did not reoffend.

v &

Jnawiaanlilanseiiniag gndaduanudesgadanainludnssisaes

v

1 o a dl " 14 o a o L = 1
wihrwesdiagiiavnlilanszvitdag duainadluie Broward County 1
7,000 Af dospfnalulfsninnvasnaviu Unedunilslugaluliingd 2014
Brisha Borden Je@ununliuiveunirdnseruanuazaimmesilylaaenlu
gruvudios Fort Lauderdale Fluaseasinngndudemiauszuazannsng

2 v . s 1% . v & v da & o
\anifos YamA159u 80 ABAAIS gaSounauniinuL Vernon Prater Jadduidalgn
Juianulueinsesdlioyani 86.35 A9aa1391N Home Depot LWLABABIA
WWINYIFIUUAUNSNIAIBD1TUIAIADIATI LATNEIINUAUNSNIAI8D15

s
a

dNilense NIggnlinziuLAIe COMPAS 1A3aslaUsliunudsenssuan

dl Y [ a dl o o Aa %
tenYUNlLNa Broward County $5Waa3nn tivevinunalaniansevinliagi
Borden ARIA1 nsevinnlugued vaiaseusn lanzuuu 8 910 10 — A1y
\@89g9 Prater AURIV1Y D1UEYINTTULSIEIRN 1 3 — ANUEBIRI dosUie
11 N15AUAIUVBY ProPublica Wu318anasTiunIenauaIuiumNg Borden 1y
gnesdemneaivgyInssulaiudnias @ Prater nauitianluanlaiviu
(Angwin et al., "Machine Bias," ProPublica, 23 May 2016)

Northpointe, COMPAS's maker, did not deny the numbers — it denied that
they proved bias. Its scores were calibrated: among defendants who scored,
say, 7, roughly the same share reoffended whether they were Black or white.
ProPublica had measured a different quantity — the error rates within each
racial group — and by that measure the tool was plainly unequal. Both sides
were right about their own arithmetic, and this is where the story stops
being a scandal about one company's software and becomes a theorem. Jon
Kleinberg, Sendhil Mullainathan, and Manish Raghavan, and independently
Alexandra Chouldechova, proved in 2016-17 that when the base rate of the
outcome differs between two groups — as recidivism rates did between
Black and white defendants in this data — no risk score can generally satisfy
both calibration and equal error rates at once, except in narrow special
cases (Kleinberg, Mullainathan & Raghavan, "Inherent Trade-Offs in the Fair
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Determination of Risk Scores," arXiv:1609.05807; Chouldechova, "Fair Pre-
diction with Disparate Impact,' Big Data 5(2), 2017). COMPAS and ProPublica
were not arguing about facts. They were standing on opposite sides of an
impossibility result and each calling the other's axiom the wrong one —
which means "make the algorithm fair" is not an engineering instruction
until someone first answers a question philosophy has never closed: fair by
which of several mutually exclusive criteria, and who gets to choose.

Northpointe &#519 COMPAS liufjiaseiatan diuufjiasindiavigaiiond
AZILUYDIUIENYN UFuifiBu (calibration) wuda — Tuussandsnasiild
ATULY dUNRT 7 dnduiinseriiindilndidesiuliauiuezindvenn
977 ProPublica TaauazUsua — dns1auRawana (error rate) nelunsay
nguTonA — uarTauvuiuuduniesdieiilivinfieuessdniou iavadia
vessansthegniiey nssiilesiiFoadniuFesdeanivesseniuaiuin
e waznateilunguijun Jon Kleinberg, Sendhil Mullainathan wag Manish
Raghavan 570319 Alexandra Chouldechova fivinueniiu wgaulud 2016-17 91
diodns1g1u (base rate) vowadnSenstusEIInsaRINgY — Hefidnanig
ﬂssﬁﬁﬁﬂ%ﬂﬁhaﬁuswdwﬁqLasﬁaﬁ'}ﬁuﬁ'smﬂu%’a;&aqmﬁ — laifinguuu
anuidedlaauasiinmsusuiiisunazsnsinnuianaiaiviniuldndeudu
Tnevialy gniunsalntawAU (Kleinberg, Mullainathan & Raghavan,
"Inherent Trade-Offs in the Fair Determination of Risk Scores,"
arXiv:1609.05807; Chouldechova, "Fair Prediction with Disparate Impact,"
Big Data 5(2), 2017) COMPAS fiu ProPublica lailgifesfuitesdeifians i
desduauazilwasnadndidenudululdld (impossibility result) uazsine®
danativesdniheedenin inlisanesfiudusssu Sedilailymdads
Jranssu auninvzlinunsumauiiudvaliwelaldidedeu — Wusssumu
ety luussanasinanedefidatues uazlasifunuden

Delegating the decision does not just relocate the fairness question — it can
dissolve the chain of responsibility that used to answer for it. A system that
adapts from data after deployment can produce an output its own engin-
eers cannot predict or fully reconstruct, which breaks the ordinary assump-
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tion that a designer's intent traces forward into a machine's behavior.
Andreas Matthias named this the responsibility gap: when a learning auto-
maton's actions no longer trace predictably to any human's decision,
neither the manufacturer nor the operator can be justly held liable by the
old rules, and yet someone has been harmed (Matthias, "The Responsibility
Gap," Ethics and Information Technology 6(3), 2004). Helen Nissenbaum had
already catalogued the mechanics of this a decade earlier — "many hands"
spreading a single harm across enough contributors that no one holds the
whole of it, bugs treated as acts of nature, blame displaced onto "the com-
puter,' and software shipped under licenses that disclaim liability by default
(Nissenbaum, "Computing and Accountability,’ CACM 37(1), 1994). A gap in
responsibility is not an absence of harm. It is harm with the addressee miss-

ing.

v a M yy o & [ ad O o
nsueununemsaeaulalilddematudesnulusssulunduwinuu du
azanglganusuiagaunenaumautulanie ssuunusuRantaya
wasgnldnusislinadnsiimnsgasraesimelidgnuazasedounauliinsy
lula anufgruun@ninenuvesesnuuududelUfangAnssuvaansoedng
29W3a9 Andreas Matthias A9U9@II1 F99719ANNSURALDU (responsibility

dll o dl a 1y v 1
gap) — WiansnsgvinveseslnuainiFeuslalidudeusgrsmanlalum
nsandulavesuyedauladndely nendnuasgnrunuaienlienagnli
v a 1 13 a Y aAa %% a a . "
Suiinegralusssumungiu nendaulasuanudeniease (Matthias, "The
Responsibility Gap," Ethics and Information Technology 6(3), 2004) Helen
Nissenbaum lai3genalnvesdesiilineuntiudul — "Heunaieile (many
hands)" nsganeanudenefiellugeiidsuannneaulislasuunling
fiou Ungnuaadufesssuwd anudngnleuli "aeuniames” uasvenduas
gnawweuladyyraugniufiasanuiuiinluafsdiu (Nissenbaum,
"Computing and Accountability," CACM 37(1), 1994) Y99319luAIN
Suiagaulaildnisliianudenie dufeanudemeinigsuliine

If responsibility can slip away from a system, philosophy has to ask what a

system is, morally — object, agent, or something newly in between. Luciano
Floridi and Jeff Sanders argued that "moral agent"” need not require free will,
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consciousness, or intention at all: an entity that is interactive (responds to
stimuli by changing state), autonomous (can change state without external
stimulus), and adaptable (can change the very rules by which it changes
state) qualifies as a moral agent at the relevant level of abstraction,
whatever else it lacks (Floridi & Sanders, "On the Morality of Artificial
Agents,” Minds and Machines 14(3), 2004). That loosens moral agency
enough to fit a recommendation engine or a trading bot without claiming it
has an inner life. It leaves untouched, and does not answer, the harder
question now being asked of the systems this book keeps discussing:
whether something interactive and adaptive enough could also become a
moral patient — able to be wronged, not just to act — a question no
consensus method yet resolves.

AUSURAYEUNERAREAINsSTUULA USHy1Rededn1udnssuunil Asesls Tu
a A U ¥ o ) |dl 1 . . e
\B9AasIIH — 09 KNIVl Wsevadluaineynsinas Luciano Floridi uae Jeff
Sanders TAkg491 "JInszvindadasssu (moral agent)” ludasdilanduaas 3
diln viowauasusiuaos Addanauifiufdunus (nevausssediasnig
a & a a v 1Y aa v
aswasuaatug) Wudasy (Wasuaauzlaeslaglifesdidasianaieuen)
YY) 1% a e v a Y V. @B Y 1 4 o a
wazUsusala (Wasungnldilasuaniusuemiiedld) Adnviednseings
Aasssuluseu abstraction Minedes lidnduazvneslsluiniu (Floridi &
Sanders, "On the Morality of Artificial Agents," Minds and Machines 14(3),
2004) [oulvndouawniilasaunguiauIuLLLL (recommendation engine)
wsavamnsaule laglddesdainduiidinnelu dauneinnintudilign
wnznazlignaeu uazliundignaiuiussuuinisdeiauinniagiuai e
A da ay o ¢ v wy 3 v o a o
— AnfivfdunusuazUsuiilauinwe aznanadu dgnnsevindadasssy
(moral patient) ladewnsali Aegnnszviniincela lalduanszyinla galaidiisle
Annasnuldduiendus

Alignment research turns out to be metaethics wearing an engineer's
badge. lason Gabriel's 2020 analysis distinguishes several things "align an Al
with human values" could mean — instructions, revealed preferences, ideal-
ized preferences, interests, or values — and argues the central difficulty is
not discovering the one true set of moral principles, but designing prin-
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ciples fair enough to win reflective endorsement across people who deeply
and permanently disagree about ethics (Gabriel, "Artificial Intelligence,
Values, and Alignment," Minds and Machines 30, 2020). That is exactly the
problem political philosophers call the problem of legitimacy under plural-
ism — alignment did not invent a new question; it gave an old one a training
loop and a deadline.

UITEAU alignment AvlunLeing (metaethics) Namtgiding un
AAs1Eives lason Gabriel 1wt 2020 usnusgaurIIe? "Usu Al Th
doandesiuANAIYeINYEE (align an Al with human values)” L Juld — Ada
= lﬂl = a L4 =) U

AnuNanelanuansoan Anuiswelalugauni nauselovil wienmal — way
Taudrinanuenuanluldsgiinisdunyanandasssuunasanesyaiied uea
aginisesnuuunanmsitlusssuunweazlasunisiusesedalasasgy

Yy A& 1 o 4 a - . " P
MNHAUNAUANNULIDIDTYFIIUDYWNANYILALDIT (Gabriel, "Artificial
Intelligence, Values, and Alignment," Minds and Machines 30, 2020) HUAD
Jaymudeafiudziuninuiveinisdeaseninlaymanuveusssuniglang
fimu (legitimacy under pluralism) alignment lail@AnAranulusiduan suien
aun1snsu (training loop) Autaalaululdliaiaiuni

Privacy submits to the same delegation problem in a quieter register. Helen
Nissenbaum's contextual integrity, developed across the 1990s and set out
fully in Privacy in Context (2010), argues that privacy is neither secrecy nor
control over information but the expectation that information flows ac-
cording to the norms proper to the context it came from: a diagnosis flow-
ing from doctor to insurer for billing is a different flow, governed by differ-
ent norms, than the same fact flowing from doctor to employer (Nissen-
baum, Privacy in Context, Stanford UP, 2010). Most data-collection systems
are context-blind by construction — a field in a database carries no memory
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of which norms it was gathered under — which is why so much that feels
like a privacy violation involves no secret at all, only information moved into
the wrong context.

anuludiuioetymmsueununenuuisdnu iieawdewuIngt Ay
ASUIULTIUSUN (contextual integrity) ¥e4 Helen Nissenbaum Wonndu
AABANA235E 1990 uazannsauduguuwuulu Privacy in Context (2010)
Taudeianududuidlidldnnudu waglildnismuaudeya urrsnau
meavfeidayavglvalunuussiaguiimangfuuiundunisesiiu wa
ItadelsaiilnaanuusludsuidmussAuioSoniutuAenislvauuunds &
ussiaguifuuuunils ssnderfinniudeaiuiilvannuueludunedng
(Nissenbaum, Privacy in Context, Stanford UP, 2010) S%UULﬁU‘fj’@gaﬁ’Jﬂwqj
aueaausumINGaudlassase Haduidugudoyalisrindatugnifvanls
vssvingula Bosiilianuidnmiiounsasfinnnuudiussuuinnis
Lifiaududhuifenas fuideyaigndredrluluuiuniian

Google convened an eight-member external Al ethics council, ATEAC, on 26
March 2019 and dissolved it entirely nine days later, after employee protest
over two of its members made the board's continued existence untenable
(MIT Technology Review, "Google Has Now Cancelled Its Al Ethics Board," 5
April 2019). An advisory board's authority depends entirely on the goodwill
of the institution that convened it and can be withdrawn as easily as it was
granted. Mechanism design does not ask for goodwill: a fairness constraint
written into a training objective, or a differential-privacy bound written
into a query system, keeps operating on the day nobody is in the room to
enforce it — which is a narrower kind of ethics than a board's, but a harder
one to dissolve by memo.

Google Fadnnasesssu Al nMeuenulanuie ATEAC Julufuii 26 flunay
2019 Lmsquﬁaﬁy’aaﬂﬂuﬁnLf’f’l’iusiam NAINIINIUUTEN9NTIUNITADIAUIU
anegealild (MIT Technology Review, "Google Has Now Cancelled Its Al
Ethics Board," 5 April 2019) SrunaveIUnsanUI Nt uRUAN AL TI v
ARt uNTave wazneuAulfienes fufineuli mechanism
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design (Nseanuuunaln) ludesisanuiula dedinanudusssuindeu
luwdwanensmsu vieveulun differential privacy Mdsulilussuuduau
v o 1 o al 1 V4 Y v & I3 a a 1
geihnussluiunlidlasegluiesnesvsduld tuluassssunuauniives
vasn ungumetuiinagluatuiealdeinninuin

Connections - 1%auleg

Chapter 02 supplies the deeper question of what kind of thing a "decision"
made by software even is. Chapter 07 takes platform power into the register
of governance, where the question stops being who is accountable and be-
comes who is sovereign. Chapter 13 returns to the responsibility gap
through interpretability — can you hold a system accountable for a decision
no one, including its designers, can fully read back out of it?

un? 02 lAanunanninuu 1 "nsendula” AvileegennuisAedsUssian
Tuuiuui unn 07 wigunavaduwasnesutngnzileusisssuniuia 1A
a [ = v a < a a A [y a
adaniduseslassuiinveu waznanailulasiiesUlne uni 13 nduuni
YOINAMUSURAYB UK interpretability — AadlszuuSURAYRURADNTS
andulanlaiiilas saudsosnuuuiiuies erudoussnunlaasu lensela

Open questions - A1aundalnag

If calibration and error-rate balance cannot both hold, is choosing between
them a technical decision at all, or is every deployed risk score a silent vote
on which kind of injustice a society will tolerate? Does Floridi and Sanders's
minimal moral agency dissolve responsibility further by making blame dif-
fusible to "the system," or does it at least make the diffusion visible enough
to argue about? And if legitimacy under pluralism was always the real prob-
lem behind alignment, what does computer science have to offer political
philosophy that centuries of contract theory did not already try?

fn1suTuLiieu (calibration) fuAnuaugavesdnsIAURnnaInTueS
wiouiuldls nsidenszwinsassedsiifniuidunisinduladunaiineguse
L wiepzuuuanudsnndngninlulasshanisluindous indsauazeeu
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wummaqﬁﬁsimwﬁluu HNT2YINLAeAasTTHLUUTUAIURY Floridi wag
Sanders ¥inlANUSURAvaUazateadludn srun1sianisliiainuRnnssaney
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U "szuu" vseedatiaudunyinlinisnseatetuuawiulataneazaniula
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Go deeper - 91Ufid

— Cathy O'Neil, Weapons of Math Destruction: How Big Data Increases
Inequality and Threatens Democracy, Crown, 2016 — the general-audience
case this chapter's theorem underwrites.

Cathy O'Neil, Weapons of Math Destruction: How Big Data Increases

€

Inequality and Threatens Democracy, Crown, 2016 — ASUANEIEINS UK

u

gunlunnguuvvesunilaegiiomas

— Jon Kleinberg, Sendhil Mullainathan & Manish Raghavan, "Inherent Trade-
Offs in the Fair Determination of Risk Scores," arXiv:1609.05807, 2016, read
against Alexandra Chouldechova, "Fair Prediction with Disparate Impact,’
Big Data 5(2), 2017 — the impossibility result from both directions.

Jon Kleinberg, Sendhil Mullainathan & Manish Raghavan, "Inherent Trade-
Offs in the Fair Determination of Risk Scores," arXiv:1609.05807, 2016,
read against Alexandra Chouldechova, "Fair Prediction with Disparate
Impact," Big Data 5(2), 2017 — waanwsiBsnnudululadld (impossibility
result) 91nVadDITANI

— Stanford Encyclopedia of Philosophy, "Ethics of Artificial Intelligence and
Robotics" — the standing map of this chapter's whole terrain.

Stanford Encyclopedia of Philosophy, "Ethics of Artificial Intelligence and
Robotics" — WNuaNUeAUsEMNANIUAluUN
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CHAPTER 07

Political Philosophy

USaunsiiies

This chapter sits in Part I, the Court of Philosophy — the seventh hearing, where
philosophy asks the machine who is actually governing when its code sets the terms.

nslaauasen 7 luna | @adsvan — USvenanunsesdnsinlasiunununases e
Tanvaadudugneseuly

Who governs when code is law?

= P A v
L:Llaiﬂﬂﬂaﬂ{]‘l/ill’m Iﬂiﬂaﬂiﬂﬂﬂiﬂd

On 16 August 2017, days after the violence in Charlottesville, Cloudflare CEO
Matthew Prince terminated the account of The Daily Stormer, a neo-Nazi
website, cutting off the DNS and content-delivery service that kept it
reachable on the open internet. In an internal email later published by Giz-
modo, Prince described his own reasoning with unusual honesty: "Literally,
I woke up in a bad mood and decided someone shouldn't be allowed on the
Internet," he wrote. "No one should have that power" (Gizmodo, "Cloudflare
CEO on Terminating Service to Neo-Nazi Site," 2017). No court had ordered
the takedown. No legislature had voted on it. One executive, at one infra-
structure company, flipped a switch, and a publication that had survived
years of public outrage disappeared from the reachable internet within
hours. Prince was right that no one should have that power — and right,
too, that in that moment, he had it.

'
a

a o al = a S @ 1
ﬁﬂWNWﬂiﬂﬂﬂ’J’]ﬁJTﬂiﬁ‘U@ﬂﬁﬂﬁ’ﬁm‘ﬁuﬂ’]‘tﬁaqﬂﬂﬂﬂEJVL‘UQ"Iﬂa‘LlW]EJSLqu’]EJIuvLN
dl ) Y a a a ¢ U dl a |dln.l [
At lug WNFIEHUTUITAULAYINAAIAYLAEI JUN 16 dInnAN 2017 lifundg
A2:UKSIN Charlottesville Matthew Prince &8lavas Cloudflare anianUsyd
U84 The Daily Stormer Auladilound Fnusnns DNS wa content-delivery 71
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o Y @ & Y = 1% a ¢ @ =) a . 1
iliavtiudnfslduudumesitinaisisae luswanialun Gizmodo weuns
AYNAT Prince 85UNBLARNATDIRIBINTIIUATIIRAUNG — "WANTI6) WU

¥ a vV Aa 1 1 Yo 4 1
wwdre1sualliif taesndulainlasuaulinislasveyynlieguu
Sumasuiia” wndsu "Liflasarsiisruianuuiiun” (Gizmodo, "Cloudflare CEO
on Terminating Service to Neo-Nazi Site," 2017) luififnadnen laifiana
UATnyelRaf dinesusenlaseadanugIuuIenie Prince wagnitinlud
Tasarsiignunaunuutiu waggndndeninluuniuusiunauuegluliowies

Lawrence Lessig had already named the mechanism a decade earlier. Code
and Other Laws of Cyberspace (1999, revised as Code 2.0 in 2006) argues that
four forces regulate behavior — law, social norms, the market, and architec-
ture — and that in digital environments, architecture usually wins, because
it does not ask for compliance, it makes the disfavored action impossible
rather than illegal (Lessig, Code and Other Laws of Cyberspace). A law against
a website can be appealed, delayed, ignored pending review. A DNS provider
withdrawing service is not a rule about the website; it is the website's dis-
appearance, instantly and everywhere, the moment the change propagates.
Cloudflare's decision is Lessig's thesis in its purest form: code did not
enforce the law here, code was the only law that mattered, and it was writ-
ten by a company's terms of service rather than by any legislature.

Lawrence Lessig i?l’jﬂ%aﬂavlﬂﬁﬁfiauﬂﬁﬁuﬂ Code and Other Laws of
Cyberspace (1999 U§uusaiiu Code 2.0 Tul) 2006) THudindussriiu
WEANTTUVDIAU — NYUNIY UTTHAFIUNEIAY naa wazaaUnenssy
(architecture) — uazlulanadvia an1ilnenssuvusifeunnass sreiulive
TlasufiRenu suvinlidediliieszasivinlalldiae unufiasuaianguune
(Lessig, Code and Other Laws of Cyberspace) ﬂ;‘mmﬂﬁLdmﬂuﬁﬂﬁﬁwﬁﬂé’ﬂ
anssaild Sananld Wineserinssenumuld glvuinis DNS finouuinis
Taildeenngiisafuivlediu sufenismeluveaiulesituies ufiuasyni
Tuiwiifinsasundasunsnszansauasu nsdndulaves Cloudflare Ao
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Every major platform now runs something that functions like a legal system
without being one. Kate Klonick's "The New Governors" describes Face-
book, Twitter, and YouTube as private jurisdictions complete with legisla-
tion (terms of service), adjudication (content moderation review), and —
since October 2020 — an appellate layer: Facebook's Oversight Board, a
S130-million-endowed panel of twenty members whose rulings on content
decisions are contractually binding on the company, and which overturned
four of the first five decisions it reviewed (Klonick, "The New Governors,'
Harvard Law Review 131, 2018). It is jurisprudence's full apparatus, minus the
one thing that ordinarily justifies it: no user elected the legislature, and the
constitution can be rewritten unilaterally by the company that wrote it the
first time. Prince's discomfort with his own power was, in effect, an admis-
sion that he had briefly become one of Klonick's "new governors" without
any of the checks a real government answers to.

unaanefulugnaidriuildussuuiivhaumiioussuungrne Tagliléidu
FEUUNYNUIY UNAIY "The New Governors" Y84 Kate Klonick 81u
Facebook, Twitter Lag YouTube \Huwesnamaenvuiiasunies — fidhe
HAavalR (Temuuanislituinig) dnisanauns (msﬁmsmwmuamﬁam)
LAZRaLFIREUAA1AY 2020 fitugnssal — Oversight Board 484 Facebook
AngnssUnsEAUALRTSUURdY 130 Aunoaans ditededeuilowves
ﬂmzﬁgﬂﬁuu%ﬁmmué’zywﬂ wazanziinanminaudluiafusniinansan
(Klonick, "The New Governors," Harvard Law Review 131, 2018) nakn
ffransegasu Mauddudeaiiundvilinalauuuiiteusssy — ifigldau
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The deeper stake, Shoshana Zuboff argues, is not who moderates speech
but who extracts and owns the "behavioral surplus" generated by everyone's
use of these systems — the data left over once a service has been rendered,
repurposed to predict and shape future behavior and sold as a prediction
product to advertisers and beyond. The Age of Surveillance Capitalism (2019)
contends this is a genuinely new form of power, distinct from the industrial
capitalism that classical liberal theory built its protections against, because
it operates through unilateral claims on experience that the subject never
consented to and typically cannot see, let alone exit (Zuboff, The Age of
Surveillance Capitalism, PublicAffairs, 2019). Contract law and privacy torts
were built to police visible transactions between two parties who both
know an exchange occurred; they were not built for a form of extraction
whose whole design depends on the other party not noticing.

WWuWuiianndtiu Shoshana Zuboff Tdugainlalelasmuauemn uddelas
anauazidudives "druiudanginssu (behavioral surplus)” fisenarnnis
THnussuumaivemnau — Feyafivdodmddaouuinisiate g
navanlginuneuazivuanginssuluswian udreduduavinuneligas
Tawanuazlnaniniu The Age of Surveillance Capitalism (2019) idueiiiae
sunaguuuulminden auazegnfunuisugramnssuiinguiiaiien
AmaRnas T IEt UL szduinuiiunsiisdnsiheideunie
UszaunsaifidwediinsBusen uagauundnuesluiiiu fulssateslsfiu
A1509URMIBBNNN (Zuboff, The Age of Surveillance Capitalism, PublicAffairs,
2019) nuanedyauaznisasifingesanuidudusngnairandiiu
genssufineaiiuldsgninsasdeiidnedinfinisuandey afldadraun
dmSunsadaiinanisesnuuuinseguunsiiandglaide

Not every digital institution has defaulted to sovereign-or-corporate. Elinor
Ostrom's Governing the Commons (1990) identified design principles by
which real communities manage shared resources without either a state's
coercion or a market's pricing — clearly bounded membership, rules
matched to local conditions, graduated sanctions, cheap and accessible
conflict resolution, and governance nested across scales — overturning the
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assumption, inherited from Garrett Hardin, that shared resources are
doomed to overuse absent private ownership or state control (Ostrom,
Governing the Commons, 1990). Ostrom and Charlotte Hess later extended
the same principles explicitly to knowledge and digital commons, arguing
that open-source projects, Wikipedia, and shared research infrastructure
could be read and governed the same way (Hess & Ostrom, eds., Under-
standing Knowledge as a Commons, MIT Press, 2007). Linux and Wikipedia
are the proof this third path is not merely theoretical: neither a state nor a
corporation, and yet governed well enough to outlast most of both.

antundvaldlaaseslusswseussenausly Governing the Commons
(1990) w84 Elinor Ostrom sgyudnniseanuuuiigususislddanisnineins
39U (commons) Iﬂﬂ”lajﬁqﬁy’qmiﬂ’qﬁusum%’ﬁuazm'ié'?\mmsuammﬂ — @N3n
amiifiveuiuadn ﬂgwmnuamwmmu unaslnwuuututiula nsszfute
Awwiignuaziiniedne uagsssunAviaideutudnusedu — uazduauudgiu
ﬁﬁuwammn Garrett Hardin 3mswennssiufiveanesgnldaunuaninlaid
ﬂssu?m'él,anﬁuw%ﬂ'ﬁﬂ'mﬂmm%’g (Ostrom, Governing the Commons,
1990) Aewda Ostrom AU Charlotte Hess veneguannisyapeaiulugaug
waENsNeINITINAIVIaegnstluasaun leeldudvinlusinalowmugesa
Wikipedia uaglnssadanugiunsiseildsauiu sruuazdnasesléfogis
L8 (Hess & Ostrom, eds., Understanding Knowledge as a Commons, MIT
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When a state itself delegates to code, the failure mode changes shape en-
tirely. Danielle Citron's "Technological Due Process" (2008) warns that auto-
mated systems collapse two functions administrative law has always kept
separate — writing the general rule and applying it to one person's case —
into a single, undocumented act, evading the notice, hearing, and reasoned
explanation either function alone would owe a citizen (Citron, "Technolo-
gical Due Process," Washington University Law Review 85, 2008). Michigan's
unemployment agency ran exactly this experiment between 2013 and 2015:
its MiDAS system flagged fraud automatically, ran start-to-finish without
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human review in most cases, and falsely accused more than 34,000 people,
at an error rate later estimated at 85 percent, triggering wage garnishments
and bankruptcies (IEEE Spectrum, "Michigan's MiDAS Unemployment Sys-
tem"). No rulemaking notice, no individual hearing, no appeal built in — due
process was not violated by any one decision; it had been designed out of
the system before the first case was ever flagged.

die¥giesendrunaliflén sUnuumudumaaisulusianun unaay
"Technological Due Process" (2008) 484 Danielle Citron {Raui15guy
Saluiifyuassmiihiiingmneunaseusnamnfuiinaen — Weungialy fu
winglldiuaivesauaunis — Tndenisnsevinfeaitlifituiin uazuay
deensudadiou nsleaiu uasesueiifivana deudasutifigwsiae
ﬁwwatﬁmagjuﬁ’a (Citron, "Technological Due Process," Washington
University Law Review 85, 2008) #1138191uU52UN1591991U00955 08NS
nsnaaesiiidza szurinad 2013 §1 2015 szUU MIDAS fasannsaalnadnlusia
wusausduauaulaglifinyusnuniulunsddnlg uaznanminauly
A1 34,000 AU FEdnsIANURaNaATiUsiunevalad 85 percent auifin
A15019AAINNNIAZAISANAZAIBAIUL (IEEE Spectrum, "Michigan's MiDAS
Unemployment System") laifinnsudaifiauniseanng ludinslaaiusieyana
Tiifinsgussaiogluseuu nszutunsiiveudienguune (due process) lallé
gnazdialneddaduaislandmils — fugneenuuulimeluanssuuneund
usnazQRAIsAFLEN

Benjamin Bratton's The Stack (2015) offers the frame that holds Cloudflare,
Facebook, Zuboff's harvesters, and Michigan's benefits algorithm as one
phenomenon rather than four unrelated scandals: planetary computation —
cloud, city, address, interface, user, layered as a single accidental
megastructure — now performs sovereign functions (deciding who may
speak, who receives a public benefit, who is reachable at all) continuously
and at a scale no state apparatus can match, without ever standing for
election or answering to a constitution (Bratton, The Stack, MIT Press,
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2015). The state has not been abolished by the stack. It has been joined by a
second, unelected one, and most days it is not obvious which one actually
decided.

The Stack (2015) 994 Benjamin Bratton Tvinsauisin Cloudflare, Facebook,
= <3 d' 1% [ a U a aan Y &

\ASDANUNEITVBYATDY Zuboff uardanasiiuaiafnisvaadigunu il
Usmngmsalifies Lil¥isesdeandisemlidingnu nsAuinseiu
A1ILAT12Y (planetary computation) — AA1IA Lilee g dumasine K1Y dou
v @ 1% a A a X v a o ¥ o a 1 =1
Audunmlassairaferniadulaedaudy — viuthiuuuesUlneegnouil
andwitlasyald laslasuaiafnisasisas lasdaudndalaeguiali vise

= dl [ < a 1 Y v A & (54
Wewagluanannalnsglandisulisa lnelineasadasiuidennuaslises
Suiinyausiasgsssuysyatula (Bratton, The Stack, MIT Press, 2015) aunnil
luilasniansy duiesdssgnassdalilauiainaisidendadunaunu wag

& v @ [ [ Yo a a
waunniunlidaindelnulugdnduleass

Connections - 1%a3la4

Chapter 06 owns the responsibility gap this chapter's automated systems
keep opening, asking who is accountable rather than who governs. Chapter
11 explains the bracket that lets "behavioral surplus” be priced as a quantity
while what it is of goes unasked. Chapter 14 picks up Ostrom's commons
again through consensus protocols — cooperation among strangers with no
sovereign to enforce it.

4' @ v 1 1 v a 4' (v A ::911 a, v % 5
UN 06 WULWDIY09719ANUSURATaUNSZUUDR TR luunilnAa1elAnsa
waAsaan wazarunlassuiaveu laldlasunases unil 11 e5uleradun

[ CET a a a . n & I3 a 14 a
il "druiudangAnssu (behavioral surplus)” esrandudsunuld vas
luflasarunsududiunu veg azls uni 14 ndunsnenssau (commons)
284 Ostrom NAUN1BNATIHIUINS LNABAAUNINA (consensus protocol) —

1 I 1 L4 1a va a v v
ANusdieseninauuUanuinlnslifigiesulnenes deAuld
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Open questions - A1aundanag

Is "code is law" a warning about what has already happened, or a program
for what should happen next — and does confusing the two let more power
slide into architecture than anyone actually voted for? Can a private plat-
form hold due-process-like authority legitimately, short of becoming a
state in miniature complete with the checks that make states bearable? And
does Ostrom's commons model generalize to physical infrastructure —
cables, satellites, spectrum — the way it generalized from irrigation to code,
or does infrastructure's need for capital always pull governance back
toward a state or a firm?

‘Tadengmang (code is law)" WudnfoudddsiiAntulunds wioiduununy
dmsudsiimsiinsell uagnsduauaesetsiivaeslisunaluadilueslu
annenssuunniniilasasazuunliaiuoll unanwesuensuiiosuna
wuunsEUIUNSiveuenguinseswveussaxlavieli Tnglideanatedy
Ysdmesiifinalnnsivasudisgansugauuuiviilidgwenuld wazluaa
n3NeINTIVee Ostrom veelufslassadrenugiunenenin — aeiaida
amfisu Aduaud — TduuuiisduiitureisanassaUssmulugldavie
Tl Wioaudesnsiiunuuedlasiaieiuguagissssniviandulumss
UEOIEEIGHE)

Go deeper - 91Uf1®

— Lawrence Lessig, Code: Version 2.0, Basic Books, 2006 — the revised edition
of the argument this chapter's opening case runs on rails built by.

Lawrence Lessig, Code: Version 2.0, Basic Books, 2006 — atuuiuu§iuas
Paldudannsaiilnisasvesuniiseguusianiiuingll

— Kate Klonick, "The New Governors: The People, Rules, and Processes
Governing Online Speech," Harvard Law Review 131 (2018), read against
Elinor Ostrom & Charlotte Hess, eds., Understanding Knowledge as a Com-
mons: From Theory to Practice, MIT Press, 2007 — private jurisprudence
against the commons it displaced.
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Kate Klonick, "The New Governors: The People, Rules, and Processes
Governing Online Speech," Harvard Law Review 131 (2018), read against
Elinor Ostrom & Charlotte Hess, eds., Understanding Knowledge as a
Commons: From Theory to Practice, MIT Press, 2007 — Ifrnansianau

LVISJUﬂUVIiWEJ’]ﬂiTJZWISJUL’U']N’]LL‘V]‘L!‘VI

— Stanford Encyclopedia of Philosophy, "Political Legitimacy" — the standing
account of what a governing power owes the governed, against which every
case in this chapter can be measured.

Stanford Encyclopedia of Philosophy, "Political Legitimacy" — Uuinu&n
\sesdnsIuUnAsasslisegnUunAses Gannnsailuuniliniisuiuliula
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CHAPTER 08

Aesthetics & Phenomenology

gunssaansuazUsingnisalingl

This chapter sits in Part I, the Court of Philosophy — the eighth and final hearing
before the benches switch, where philosophy asks the machine what the critics and
the artists notice that the builders do not.

nslaaiunsan 8 Aemssgavinenauiniigauszaauils unileglunia | madsusyi 7
Usgyanaasesdnsininiansaluaz@aluiiveslsigadauedliviu

What do the critics and the artists see that the builders miss?

U a L4 a a [ Ay v v
in3asaluasAaluiiveslsigasswestnuly

In October 2018, Christie's auctioned Portrait of Edmond de Belamy, a
blurred, unfinished-looking image of a stout man in a dark coat, estimated
at $7,000-10,000. It sold for $432,500. The work had been produced by a
generative adversarial network trained by Obvious, a three-person Paris
collective, on roughly 15,000 portraits scraped from WikiArt — and, as re-
porters soon discovered, on code adapted almost unmodified from a public
GitHub repository written by Robbie Barrat, a teenager Obvious never
publicly credited until pressed (Hyperallergic, "Christie's Sells 'Al-Gener-
ated' Art for $432,500 As Controversy Swirls Over Creators' Use of Copied
Code"). Where a painter signs a canvas, Obvious printed, in the lower-right
corner, the mathematical objective their network had trained against: min G
max D Ex[log(D(x))] + Ez[log(1-D(G(z)))] — the generator and discriminator's
loss function, standing in for a hand. The painting had, quite literally, signed
itself with its own machinery instead of an author.

AMNNRIsIA1UseLaiull 7,000-10,000 aaaans vrelun 432,500 noaans
Christie's Uszya Portrait of Edmond de Belamy s[,ul,aaurﬂmﬂu 2018 AN
wae quilisunnaliiade iuviesreiuludelandidy uande generative
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adversarial network i Obvious nguAatiuauauainuiiamsuanawmiou
511 15,000 Mwiiaaunn WikiArt waziingnadunulunaiseuingsldlaai
Fanvasnunuldasuudaseiniiiiu GitHub @1s150uz89 Robbie Barrat
Foguaunilaii Obvious laitslinshnsoansisugaunsestagnnadu
(Hyperallergic, "Christie's Sells 'Al-Generated' Art for $432,500 As
Controversy Swirls Over Creators' Use of Copied Code") msmua"mﬁu'n Iuﬁgﬂﬁ
Insnsendudevuiiudilu Obvious RuithmnemeadinAansnniotie
YasnININsUTBUL Y — min G max D Ex[log(D(x))] +
Ez[log(1-D(G(2)))] — Wangun1sgeyide (loss function) ¥ed generator Ay
discriminator Suunufianeile mmeidutediesdenalnvesiues lily
AIBRUTENUS AUAIBNYIII9)

Every question this chapter has to ask is already sitting in that signature.
Whose work is it — Obvious's, for choosing the dataset and the frame and
the price? Barrat's, for writing the network that actually learned the
weights? The eighteenth- and nineteenth-century portraitists in WikiArt,
whose brushwork the model had statistically absorbed and recombined? Or
no one's, because a loss function has no hand at all? The builders of com-
puting have their own, older answer to a related question — not who made
a thing beautiful, but why beauty should matter to engineering at all — and
it is worth hearing their case before the critics take the stand.

medutuussgundawiunidesniuliuds waruiiduveslas ves
Obvious fldanyataya nsU uaxsIAN V84 Barrat MdsuiAietnedadoun
thutin (weight) 88nu19349 vasdnsnsganmmiievuluamssuiiduuun
uagAuiAly WikiArt Alueageduiiusswesmanivlunanlvainieada viela
Tivedlasias szdendunisgeydulaiiie gadraimsnaunanesidneu
vesfesiiinitiu sefamdnadesiu — laflddlasyiliamisnany ud
ilupnunudansiinnumnedednssudausdu aasilsoldudadeil
roufiiniansalastuliinng
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G. H. Hardy opened A Mathematician's Apology (1940) with a claim that
sounds like vanity and is actually an epistemic demand: "Beauty is the first
test: there is no permanent place in the world for ugly mathematics" (Hardy,
A Mathematician's Apology, 1940). Computing inherited the demand and
gave it teeth. Edsger Dijkstra's 1968 letter to Communications of the ACM,
"Go To Statement Considered Harmful," argued that unrestrained jumps in a
program's control flow make it impossible for a reader to hold a correctness
argument in mind — not merely ugly, but unverifiable, because a mind that
cannot trace a program's structure cannot check its proof. Donald Knuth,
who had begun the project in 1962, published the first volume of The Art of
Computer Programming that same year and has spent more than six dec-
ades still writing it, volume by volume, because for Knuth an algorithm's
elegance and its correctness were never two separate virtues to trade
against each other. In this tradition, beauty is not decoration applied after
the logic works. It is the condition under which a human being — not just a
compiler — can tell that the logic works at all.

" - v M i Vo a s 1 = "
ANuuRsuNnadaudausn laniliinnsanslinuadindiansnunnasn
("Beauty is the first test: there is no permanent place in the world for ugly
mathematics") G. H. Hardy tUa A Mathematician's Apology (1940) fiag
Usyloanamiiouninuvasiiies uaduteisenieaudeyrainen (epistemic)
(Hardy, A Mathematician's Apology, 1940) 29n15ABNNILADISUTDITUNT DI
W ldl@eaul annunet 1968 vas Edsger Dijkstra 1§ Communications
of the ACM 1384 "Go To Statement Considered Harmful" 1fudeinnisnselan
£4 1 ¥ v o w o VY L= 14 ¥ ¥ dl
uagalidadninlu control flow vedlusunsuvinligeuiiotelaudases
anugnaaaldlui il lulduaunnden uinsaaaulald iwsizdnnlanu
Tassadrsvadlusunsuliiviu geunsiaunngarivessdulila Donald Knuth 134
Tusianavaavlull 1962 aaniauusnvad The Art of Computer Programming
TuliReiu uazdudounafiaslauuInimNNAITsY LINSI1EEIMSU Knuth A
ainuvesdanesiunuanugndediimeliunusssuassegrsfidesenuiuan
A Tudssndd mnunuldldrissussaunulsinauionssnsvinanuual du
A& A o g v ¢ = [ s P & o a
AaRaulunviliuywdaunils lilvuarsulwiaes venldiinssnzuuvinauais
TERIHY
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Hubert Dreyfus thought the builders were solving the wrong problem en-
tirely. In a 1965 RAND paper commissioned to evaluate artificial intelligence
research and titled, pointedly, "Alchemy and Artificial Intelligence,” he
argued that treating cognition as rule-governed symbol manipulation
missed what Heidegger and Merleau-Ponty had already shown about ordin-
ary human competence: skillful coping in a world — knowing how to finish a
sentence, cross a room, read a face — is holistic, embodied, and pre-theor-
etical, not decomposable into the explicit rules a program could follow
(RAND, Alchemy and Artificial Intelligence, P-3244, 1965). The expanded ar-
gument, What Computers Can't Do (1972), was met with outrage from the Al
community it targeted and quietly vindicated by a discipline that had not
yet been founded. Rodney Brooks's subsumption robots, described in "Ele-
phants Don't Play Chess" (1990), abandoned symbolic world-models entirely
for layered, reactive behaviors coupled directly to sensors and motors —
Brooks's own slogan, "the world is its own best model," is close enough to
Dreyfus's phenomenology that embodied robotics reads, in hindsight, like
Dreyfus's critique built rather than merely argued. Large language models
complicate the picture from the opposite direction: fluent, contextually apt
conversation produced by systems with no body, no world to cope in, and
nothing at stake in any outcome — an achievement Dreyfus's argument, on
its face, should not have permitted. Whether that is a refutation or a change
of subject remains open: fluent text is not obviously the same accomplish-
ment as skillful worldly coping, and defenders of the critique — including
Dreyfus's own later essay "Why Heideggerian Al Failed" (2007) — would say
the goalposts moved rather than the argument broke.

Hubert Dreyfus Aningjasaufdaymiiadoriavun wiva$ RAND U 1965 fiian
Tasunoumnglisziuanuddotlyanuseivs deieatnsadladn "Alchemy
and Artificial Intelligence" Yalfildevasiu1fe N15u8IN153AM (cognition)
Wunsdnnsdydnuainiung Wa1masi Heidegger was Merleau-Ponty wans
TudiFesnnuaunsnvesyudsssun nssuiiedulanagnsinung — 538
wausgloaliau luduries snudutiau — iduiFesasdsu fis1e (embodied)
wagneungud usndesaadungiaudeiilusunsuvianuldlails (RAND,
Alchemy and Artificial Intelligence, P-3244, 1965) aUuvg18 What
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Computers Can't Do (1972) 19aA1ulnI5LN38291129015 Al AISULEUNIY LAz
lasunmsigatingnegnaleus annavdvinneunudalddeniie ueus
WUU subsumption ¥®4 Rodney Brooks lu "Elephants Don't Play Chess"
(1990) NsuvusrasslaniBsdanuainaun sululdnginssudutus fineu
duasiulinasnensanUwUITDsaTUBIADS AN TRV Brooks Loeinan "Tan
& ° Aaa v o " 1 oa a
AaLUUIARINANanuefsiues” Tndusingnisalinevas Dreyfus unwen

1 (4 a1 . . d' £ % 1 ¥ I £
YuBuAKUUE31S (embodied robotics) Wienasdounduly sruldmiiouds
a L3 k4 é’ a 1 J ¥ 174 b4 1
F91500084 Dreyfus gnas1auass lvuagnlaudsld lueaniwiauinlvey
AN WG UL UTUINAANTITIU — UNFUNUITIAGBILARILAZIINNUUTUN

a lﬂl = 1y v v v A 1 @ a %
wanlneszuunlidsnnie ldilanlnfessulie uazhifiozlsidumunulu

[ I3 o & Aw a4 & a a ] 4

nadwsla Wuanudnsandeldudves Dreyfus Wagraiiulinisayeynli
a a & v Y = 1 a L% v & o a ¥ A 1 1
\in didunisindensenaasuinde dadumaiunde tennuiinassunar
laildanudnSaieniusgrsdinauiunisiuiielanegrsduney uasgunies
Y a o‘dy = [ d' n . .
VDT FIUNIUNAIUYANAIVDY Dreyfus L894389 "Why Heideggerian Al
Failed" (2007) azuaniniigndne luludaldudana

Heidegger's own later work supplies the vocabulary for what happened to
Barrat's code once it entered Obvious's pipeline. "The Question Concerning
Technology" (1954, developed from a 1949 Bremen lecture) argues that
modern technology's essence is a mode of revealing he calls Gestell, en-
framing: the world shows up not as something encountered on its own
terms but as standing-reserve (Bestand) — resource, on tap, awaiting further
ordering (Wikipedia, "Gestell"). Barrat's repository, released in the spirit of
open-source sharing, was absorbed by Obvious as exactly this: not an au-
thored work to be encountered and credited, but raw material on tap for a
saleable print. This is also the moment this chapter owes its reader the fact
usually left out of Heidegger's aesthetics: he joined the Nazi Party on 1 May
1933, ten days after being elected Rector of Freiburg, delivered a rectoral
address endorsing the regime, and never fully accounted for either after-
ward. A philosopher who diagnosed the ordering of the world into mere re-
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source is not thereby cleared of having served, at the one moment his insti-
tutional power was greatest, a regime that ordered human beings into
exactly that category.

o w ¢ o v a dl a L 14 dl L% v 1 a .
AANNdmSuANRaiulAnYed Barrat Wieaduitngdaieni1suanved Obvious
u’lmm’lquwﬁwm Heidegger 184 "The Question Concerning Technology"
(1954 Wawna1nn1sussenei Bremen Tul 1949) Taudvinunuuvives
walulagadelnifegusuunilavanisidameniunsendi Gestell n1530
n58U (enframing) — lankivsingaalugusdsignnunanuioulyvesdiu
103 urusngilu mdsdrsoansauld (standing-reserve) (Bestand) n3wensdi
wiausny sen1sdnszideunal (Wikipedia, "Gestell”) AnulAnves Barrat
IS AIBIN Yy auvenIsulsunuuleinuwesa Obvious gadusiuly

=1 1 Ay v P a 1w a 1% J
wuuilids llunasnundgussnusuazaislasumsin uiiduingiunsoudie
dwisununuifivngld assluniifadedomassaiugeiu deinasieidngn

P = s . v Av A
azlianaunseransvas Heidegger g wssAuTTui 1 wauniau 1933
Auiunadslasuideniussnisufives Freiburg nagunsnaususumis
asnsuRatuayuszuauiu wazliwwaduiensasasadlansudiulunienas
unussyridadenisdasyiloulanlivdonanineins ldldnuiinainnis

(-4 £ Ao = L4 1a o g.ll 1 A o
Suldszuaundaszsidsvuyuwdaslunmnanygfeniuiiunls Tudimgunaly
GRRINILENLRGNTG

Andy Clark and David Chalmers's "The Extended Mind" (1998) offers, unex-
pectedly, the frame that ties the signature back to the hammer. Their parity
principle holds that a part of the world counts as part of a cognitive process
if it plays the role a part of the brain would play were the process run en-
tirely in the head — illustrated by Otto, their thought-experiment
Alzheimer's patient, whose notebook functions as his memory precisely be-
cause he consults it as unreflectively as a person consults recollection
(Clark & Chalmers, "The Extended Mind," Analysis 58(1), 1998). That trans-
parency-in-use is close to Heidegger's earlier and more famous idea, from
Being and Time (1927): a hammer, skillfully wielded, withdraws from
attention and becomes ready-to-hand (zuhanden); only a broken hammer
becomes present-at-hand (vorhanden), a mere object demanding inspec-
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tion. Elegant code disappears into a reader's understanding the same way;
Otto's notebook disappears into his remembering the same way; and a pro-
grammer pairing with a language model that completes half their key-
strokes is asking, in practice, exactly Otto's question — where does the
boundary of authorship sit once part of the work happens somewhere the
hand never touched. Obvious signed their canvas with an equation because,
whether they knew it or not, that was the one honest answer available: the
hand had already withdrawn.

nseufignaneifutundulumdeusnaniilifilasain — "The Extended Mind"
(1998) w84 Andy Clark wag David Chalmers #anauLauaniA (parity
principle) vaswannduduitdrunivedlaniiu Lﬁuﬁauufjwmﬂszmumiﬁ
Aald frfuiduunumiidiuniesanssziay wmnnszuauNsIUILeY
Tuhsianun fregnsie Otto Fthedaluweslunsmaasmisanudnueanan
w1 ayatuiinvimthiiduanumssswearnds s dagsulaglides
Aanumu wileuauaunilidonaumsesweaiaestumn (Clark &
Chalmers, "The Extended Mind," Analysis 58(1), 1998) anulusalalunns
1%QWULLUU1fu1ﬂ§1E]LaUQﬂﬁauﬂﬁ’]LLaéﬁﬁﬂﬂ’j’maﬂ Heidegger @10 Being and
Time (1927) — Foufignldesnstunaazasuianinanuaulauaznanedy
w3auile (ready-to-hand) (zuhanden) Sluddeufitnuiniufinareiiu Uszdnd
wewti (present-at-hand) (vorhanden) fngsssuniiGenienisnsanaey
Taaitadeumediluluanudlevesdsuuuuiieaiu auatufinues Otto
el lunmsenswearuuuiisntu waglusunsumesivhaugiulung
auiidudgalnsnlvinienils frdsanuniuves Otto aglumaUfjin — 1du
wisvasanundudilseiusegasdlu ioduniwesnuintuluiindeliiae
uz Obvious Wuduilumsaunns msglidmanuezdivdela duded
neudedndiisrnouiieafiviony — fonausiluuda
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Connections - 1%aule

Chapter 04 supplies the deeper argument about symbols, minds, and the
Chinese Room that Dreyfus's critique runs alongside. Chapter 05 returns to
Barrat's code through Wittgenstein's rule-following problem — what a re-
pository "says" once someone else runs it. Chapter 13 continues the embod-
iment question through the grounding problem in learning machines.

undi 04 Tideldudafianninsesdeydnual 3n waziiesdu (Chinese Room) i
4939150lv04 Dreyfus Jevuvludae unil 05 ﬂéJUVLUM’]Iﬁﬂ?lEN Barrat NI
ﬂmmmimmuﬂg (rule followmg) U4 Wittgenstein — ffunils "we" ozls
dloAuBuusiu unil 13 auauiEesnsisna (embodiment) dorutayw
n1s8ialed (grounding) Tuin3esdnsizous

Open questions - A1aundalnag

If elegance is a precondition for verifiability rather than decoration, does an
unreadable but provably correct proof — the kind machines increasingly
produce — count as beautiful in Hardy's sense, or has that criterion quietly
stopped applying? Was Dreyfus's critique refuted by fluent language mod-
els, or did fluency simply stop being the test that mattered? And once au-
thorship can be distributed across a dataset, a borrowed repository, a cur-
atorial choice, and a signature that is itself an equation, is "who made this"
still a question with one right answer?

fanuadrauluteulvarmtvesnisnsivaauls (verifiability) Taila
w3eslszau unigaunsulisenuingaulaingndes wuuinsesdnsudn

g a o & Gl 1 = L4
aanuundunni duiluanuanuluaunuisves Hardy wsely wiswnau
uutanisﬁlﬂuma&rmusus] 99391501v84 Dreyfus nnmmﬂﬂa‘lmmammwwm
AaBIWAAIVTD LA mammﬂaamﬂmLLmamUuumwmaawmﬂm waziiie
m’mLﬂug\;ﬂszwuﬁnszmaaan"ltl"l,ﬂwwma;ga MAUTVBUS UL Madenida
Aun15n¥ (curatorial choice) hazanaidunditiuiosfaannis “Tasvinasil” &9
< o Ao o = s o | 1
Judanundsneugnasaneamibafesagnsali
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Go deeper - 91Ufid

— Donald Knuth, The Art of Computer Programming, Addison-Wesley, begun
1962, first volume published 1968 — the canonical case that correctness and
elegance were never two different virtues.

Donald Knuth, The Art of Computer Programming, Addison-Wesley, begun
1962, first volume published 1968 — N3IAIBE1NANTNIIAINYNABINY
anuainulidmedunusssuasegefingnainiu

— Hubert L. Dreyfus, "Alchemy and Artificial Intelligence,” RAND Corporation,
P-3244, 1965, read against Andy Clark & David J. Chalmers, "The Extended
Mind," Analysis 58(1), 1998 — the critique of disembodied cognition against
the theory that lets a notebook, or a network, count as part of a mind.

Hubert L. Dreyfus, "Alchemy and Artificial Intelligence," RAND Corporation,
P-3244, 1965, read against Andy Clark & David J. Chalmers, "The Extended
Mind," Analysis 58(1), 1998 — da315ain35Anwuulisenie euiungu)
fveuliayatufinvioiniedrovilsiududuniswesinld

— Stanford Encyclopedia of Philosophy, "Martin Heidegger" — the standing
account of enframing, readiness-to-hand, and the biography neither can be
read apart from.

Stanford Encyclopedia of Philosophy, "Martin Heidegger" — Juiinndnises
A159ANTOU ATUNSDNID LLﬁ“’Ui”')ﬂﬂ]’Jﬂ‘ﬂﬂ\‘lﬁ@\‘iLi'e'NLLEJﬂ@’TLIaaﬂﬁl'lﬂﬂuvl,ll

e
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COMPUTABILITY

CHAPTER 09

Computability

o v
asauala

This is the first hearing of Part II. Computation stops being the witness and takes the
examiner's chair — and its first question is aimed at itself: what does its own
founding limit actually prove?

aa 11 Uanislaauasausnasell nsAuagnainiidneuliaidgdnaiu uagen
anuusnadnlddiues: Iasiafilusinguvesiuigaieslslaese?

What do the limits of computation prove about the limits of reason?

U

Yndrinvesnsaiuln igadeslsinerduiadrinvesnnualauig?

Two papers settled the same question six weeks apart in 1936, and neither
author had read the other's proof. Alonzo Church'’s "An Unsolvable Problem
of Elementary Number Theory" appeared on 15 April in the American Journ-
al of Mathematics (58: 345-363), showing by lambda-definability that no
algorithm decides the Entscheidungsproblem — the question, posed by Dav-
id Hilbert and Wilhelm Ackermann in Grundzige der theoretischen Logik
(1928), of whether a mechanical procedure could certify the validity of any
first-order sentence. Alan Turing's own paper, "On Computable Numbers,
with an Application to the Entscheidungsproblem,” was received by the Pro-
ceedings of the London Mathematical Society on 28 May — and reached the
identical negative answer by an entirely different route: a human clerk
idealized down to a paper tape, a finite set of states, and a table of instruc-
tions. Turing, disappointed to learn he had been beaten to publication, ad-
ded an appendix proving that his machines and Church's lambda-definable
functions compute exactly the same class of functions. Two definitions of
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"mechanical,’ invented independently, turned out to coincide exactly. That
coincidence is the whole of the evidence for what is now called the
Church-Turing thesis, and evidence is not the same thing as proof.

anseATelull 1936 noumnudsriuinetunnduni Tnoddeuiaaslsl
\ABBIUUNNERUVRIBNE1E UNAIIN "An Unsolvable Problem of Elementary
Number Theory" 984 Alonzo Church a'e)ﬂ’?uﬁ 15 ey Ty American
Journal of Mathematics (58: 345-363) wan3n28 lambda-definability 3114
Sano3nuladndu Entscheidungsproblem (Jaywinisiaaula) 1§ — Aranuii
David Hilbert fu Wilhelm Ackermann &al3lu Grundzuge der theoretischen
Logik (1928) 31nszuiunsitianalnazsusesanuaunnaunavaiUselon
Susunils (first-order sentence) Taq el Proceedings of the London
Mathematical Society SUUNAIUYD4 Alan Turing 184 "On Computable
Numbers, with an Application to the Entscheidungsproblem” Suit 28
naunay Ameuiduaveghaiieniuls usinauasmelneduds: wilou
quéﬁgﬂaﬂgﬂmﬁamﬂﬂssmw ﬁﬂamuza‘hﬁ’mquﬁq Wam1519F&4 Turing
AanisiidinfieufRuisanth Safuaanuinfigatiinasemenefuilaidy
lambda-definable w84 Church Auaisndunaiaifgiunen deuves
"Fenaln” deauuu Anvuueniulnedasy nduviuiuain anududaytiuie
Mé’ﬂgmﬁ'\muﬂﬁﬁ’lﬁﬁuﬁqﬁﬁuﬁﬁsﬂdﬁaéﬁ Church-Turing (Church-Turing
thesis) uagndnguliludafeafuuniigat

It cannot be a theorem, because "effectively calculable" was never a formal
term before Turing formalized it — you cannot prove an identity between
something precise and something that, until that moment, was only an intu-
ition. What Turing actually did was analyze, by exhaustion, everything a
human "computer” — a person following fixed instructions with pencil and
paper — could do: read a symbol, change an internal state, write a symbol,
shift attention. Every rival formalism proposed since — Godel-Herbrand's
general recursive functions, Emil Post's production systems, register ma-
chines — has been proven equivalent to Turing's, and Stephen Kleene, who
named the conjecture "Church's Thesis" in 1943, treated that convergence
as inductive support rather than deductive closure. So the thesis sits in a
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category Hilbert's program never anticipated: not quite mathematics, not
quite empirical science, held up by the fact that everyone who has tried to
break it has instead confirmed it.

fudunguiunlala wee "Aunaldednfiuss@nsua” (effectively
calculable) lsivaeifudifaguiivannoudi Turing agvinlsiiuduguiis avigat
anuhiusErinsdefiuduhivasiinameuius aduuadyvnaadourill
1 Asl Turing vine3eq Aelaliasunnnsdidimuyudiiviuiiag "computer' —
aufivauidsmnesideiugeiunszae — vheglsldtne sudydnual
Wasuaauznely \Weududnval reanuauls Wesiadad (formalism)
Auaniiauomnaasity — Nefduisusaiaialy (general recursive
functions) Y84 Godel-Herbrand, szuun1snan (production systems) U84
Emil Post, \Ases3dainas (register machines) — gngaULAIINNBUWINAY
904 Turing Wag Stephen Kleene fistatananisafiidn "Church's Thesis” Tu
U 1943 rumsgiimAuiudundngruaivayudeguis lilinsUads
fisily Femaiisannaglumianaiilasanisves Hilbert laiiaenada: laily
adinmansifiue lilvinermansideussdndifin Suagldmsizynaud
wenguinadiundusuGuiuwmy

That instability is itself philosophically productive, because the method
Turing used to reach it — diagonalization, turning a system's own ma-
chinery against itself — outgrew the theorem it built. Cantor used it in 1891
to show no list of real numbers can be complete; Godel adapted it in 1931 to
build an arithmetical sentence that asserts its own unprovability; Turing
adapted it again to show no algorithm can decide, for an arbitrary program,
whether it halts — feed a hypothetical halting-decider its own description
and a contradiction falls out in one line. The same skeleton reappears in
Tarski's proof that no sufficiently rich language can define its own truth
predicate, and in Frederic Fitch's 1963 paradox of knowability. Diagonaliza-
tion stopped being a mathematician's trick around the middle of the twenti-
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eth century and became philosophy's standard proof that a system cannot
fully turn its lights on itself — the argument form this book's own
courtroom spine depends on.

anulaiffunaiueddinanandeusaen ws1e3s Turing T4lUaaiu — ans
ey (diagonalization) n1siunalnvasszuunauulaufddues — Tafu
nufuniifuadralulng Cantor 19Tl 1891 uwansilifisenissiuauaie
Tansufiuld Godel dauvasiulud 1931 aduuselonavadinfiduduay
Agarflailfunsiaies Turing fudasiudnads uanvilifidanesfiulasdnau
Yaymn1suga (halting problem) 16 dusulusunsulanauazuenlailidngdu
vzugariaunse i — Jeudadndu halting problem auuffeAasuievas
fasfuies audaudalnaoeninluussiadion Tasadsriuluas luuniga
84 Tarski i laifinwlafisusienessdisruniauanananuaia (truth
predicate) vossaiadld uagluufnssaunruila (paradox of knowability)
w94 Frederic Fitch U 1963 $19na19/n25597 20 diagonalization dnidu
nafinvastinadinenans uaznaneiluuniigaiinassuvesfunyiidiiszuy
wilsdedlwganedliialild — suuvuteldudeiiunuiosionsanaiives
wilsdoiduiliositanio

It is also the argument form behind the most publicized claim in this territ-
ory. J. R. Lucas told the Oxford Philosophical Society in 1959, and then
argued in print in "Minds, Machines and Godel" (Philosophy 36, 1961: 112-
127), that Godel's theorem refutes mechanism: for any consistent formal
system F strong enough to encode arithmetic, Godel's construction yields a
true sentence F cannot prove, yet a human reasoner, standing outside F and
reflecting on it, can see that the sentence is true — so no single formal
system captures everything a mind can know, and minds are therefore not
machines. Roger Penrose revived the argument at greater length in The
Emperor's New Mind (1989) and defended a reinforced version in Shadows of
the Mind (1994). The standard reply, developed across decades of responses
from Paul Benacerraf onward, is that the argument smuggles in exactly the
certainty Godel's second incompleteness theorem forbids: to "see" that the
Godel sentence for F is true, the reasoner must already know F is consist-
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ent, and no consistent system — human or mechanical — can prove its own
consistency from within. The argument also assumes a human mind is well
modeled as one single, fixed, consistent formal system in the first place,
which nothing here establishes. Computation, examining this claim on its
own witness stand, cannot certify it; but philosophy answers back here too,
because the machine's own founding thesis has the identical shape of un-
provable self-trust — the Church-Turing thesis cannot certify its own do-
main without appealing to an intuition about "mechanical" that no formal-
ism proves, any more than the human reasoner can certify F's consistency
from inside F.

Fonamsillasiaitanluoanunifuvugunuudeldudedudioatu ). R,
Lucas yaraniin Oxford Philosophical Society Tul 1959 uaafsulaudadu
arwanealoneslu "Minds, Machines and Godel" (Philosophy 36, 1961: 112-
127) 3mgeijunves Godel indnanalndisu (mechanism): dusussuuguily
F fiaumsaunalag Audausmwessdrsiaavadald nsadraves Godel T
Uszloaaseuseloaniled F Aigodlald wadlfmamadiduuywd Suaguen F
waglmsnsosiu nduiiiuldiuseloatuaie — axtulifissuuguiioifenladu
ndaiiansldnsu uazdndslileindesdng Roger Penrose Sotudaldudsiily
#19%ulu The Emperor's New Mind (1989) uazUntlasinastuiliasuindoudn
Tu Shadows of the Mind (1994) Arnaulsunsgiu Faauunatenassutiy
211 Paul Benacerraf tuduan fedelfudsilueuaananuuiveunuuiisadu
finquiunanaliianysaifeiiaosmes Godel iulAidnanwod: nsag " 40
Uszlen Godel dmsu Filluass Jlilunuadosiegioundsin F aumnauna
waglifiszuuitaumnauna — uyudvdoinTasdnsinu — Agotianuauine
aunavesiesanneluld deldudsiliaunidususnindnuyudgnsass
IaalugugszuugUionilafion me aumaauna dsliderlsluiisuduly
nsAan iereutenandsiinniifmeuvesiaies Susesfulally us
Uswarineunduassinileutu mszdedinedwenniesinsiesiizunss
weafuiuaaliladiesiiiigarilaild — Church-Turing thesis §uses
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oraunavasnedliladbiondudyvnganses "WWenaln" Alud

o
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wasdadailangan lissanfiglivnnauyudsusesmuaumnaunavas F
annelu Flale

Turing knew his own thesis had an edge, because he drew it himself. His
1939 Princeton doctoral thesis, "Systems of Logic Based on Ordinals," intro-
duced oracle machines: Turing machines equipped with a black-box oracle
answering questions no Turing machine could resolve unaided. B. Jack
Copeland and Diane Proudfoot later named the research program built on
that opening "hypercomputation,’ and Copeland has argued that exotic
physical setups — closed timelike curves, or the infinite-proper-time com-
putations permitted in a Malament-Hogarth spacetime — might in principle
realize an oracle. The honest objection is the verification problem: even if
such a device were built, nothing from outside could ever confirm it had
computed a genuinely non-Turing-computable function rather than an ex-
tremely large Turing-computable one. Here physics, not logic, casts the de-
ciding vote on whether the thesis bounds all possible computation or only
computation as our universe happens to permit it.

Turing §dw%’a§'wméfumﬁmau wssivnuaulaiues InednusuSuan
\enii Princeton U 1939 vauan "Systems of Logic Based on Ordinals" {Ua#n
\n309005 1A (oracle machine): insahINiAneesIAandasils noud
auin3asImeutadlylld B. Jack Copeland waz Diane Proudfoot Hade
Tnsinsiseienandeniulumendsiilawesnouiandu
(hypercomputation) wae Copeland Tdudisinlassadrameildndiuan
Usznann — closed timelike curve #59N1SAIUIULUU infinite-proper-time i
A1aRINALUU Malament-Hogarth Wan1alii — enavinlveesiaailuasela
Tundnnis tednduiinsslunsundetlymnsnsivaeudusu (verification
problem): sielassgunsaluvutiutuanld Aluifezlsanaieuendudiuli
SuAuaRafduR non-Turing- computable wiig Laflyafdudi Turing-
computable wilnelTnulvmins mssiiand ladlanssneanans Lﬂuwmﬂuuuu
Furaidediideunsiunaidululdnmun viedouuaniseuiauingi

LONNNYBIUIT KDY DU
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Godel himself licensed far less than his popularizers claim. In his 1951 Gibbs
Lecture he stated a disjunction and stopped there: either the human mind
is not equivalent to any finite machine, or there exist mathematical prob-
lems absolutely undecidable by any means — or both — but he refused to
say which, remaining a mathematical Platonist who suspected the first dis-
junct without ever asserting he had proved it. What Godel proved is a limit
inside formal systems; what Lucas, Penrose, and a century of secondary lit-
erature have drawn from it is a conclusion about minds that the theorem
itself never reaches.

Godel tosayayInlitpsn T NALLNELNIIIUYDAVIB19HN Tun1SUTTENY
Gibbs Lecture U 1951 ww1n1eiauluwuu "wse" (disjunction) Tiudmennss
3.’1 a 1A 1 d'l [ o @ A 1@ a a o‘d'
wu: Inuyedliifisurinasesdnsdinlag nselunivynmendnmansy
U a MY <@ [ a =l g.ll 1 1 a dl 1
anaulilaianuinlidndiedsla — niensassetne — uilwrUfiasnazuanin
4 [ L% a a o‘dl 4 1
Falvu wrduduinmalpdsunienginaransinioulunisdausnlagline

=) [ 1 a ¢ 1'% Q' d' .. a A o C% Q' d'
guduinaungandule 8 Godel NgauAsdadndanielussuugUily A
Lucas, Penrose Wagi5sanssisa9nannniladnissunaaanu1anniu Aava
ayUisesdnndmgujunedlulaiis

Connections - 1%a3la4

Chapter 00 named 1936 as the moment the machine fell out of a philosoph-
ical proof; this chapter returns to ask what that moment actually licenses.
Chapter 01 owns Godel and Curry-Howard as logic's shared inheritance.
Chapter 04 owns the question the Lucas-Penrose argument tries to settle
from outside — whether the mind is what the brain computes. Chapter 10
tightens "in principle" into a measurable resource. Chapter 12 shows what
proof assistants do with incompleteness once it is treated as an engineering
constraint rather than a philosophical verdict.

Ui 00 5ant 1936 11ABYINIATEITNTNEUDBNUIINUNNAUTIUS VYN
t:’l’ﬂ/ Y] 1 1 g.’/ Y a dl I3 %4
unildounauliauingaaraiuueyyineslsliasee) uni 01 1Wwdves
Godel uaz Curry-Howard lugtuzusansiuvesnssnanans undi 04 1u
LANVIANANUNVDLALEIVD Lucas—Penrose Wa8INARAUAINAEUBN — I
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Open questions - A1auigalnag

Is the Church-Turing thesis falsifiable — and would a working hypercom-
puter refute it, or merely relocate the boundary it draws? Does Godel's 1951
disjunction ever get resolved, or does it stay open the way the thesis itself
does? And if minds turn out to be Turing-equivalent, does that settle func-
tionalism, or only computability — a question this chapter can raise but not
answer.

Church-Turing thesis ﬁgﬁlﬁLﬁﬂﬁ (falsifiable) #3013 — wazadl
hypercomputer Aldauldase ffuasiindradodail videuAdreiduveudisudn
147 Souluwuy "wie” w3 Godel T 1951 nsgnadnaisluy viesuladng
mﬁauﬁﬁa%’ag'maaﬁ‘mﬁwag? wazdrannanesfiudadl Turing-equivalent 934
tugAdeanideasomtiites (functionalism) viegfudiFasnisiunld —
mawituninaldurneulaly

Go deeper - 911619

— B. Jack Copeland, Carl J. Posy, and Oron Shagrir, eds., Computability: Turing,
Godel, Church, and Beyond (Cambridge, MA: MIT Press, 2013).

B. Jack Copeland, Carl J. Posy, and Oron Shagrir, eds., Computability:
Turing, Godel, Church, and Beyond (Cambridge, MA: MIT Press, 2013).

— Alonzo Church, "An Unsolvable Problem of Elementary Number Theory,'
American Journal of Mathematics 58 (1936): 345-363; Alan Turing, "On Com-
putable Numbers, with an Application to the Entscheidungsproblem," Pro-
ceedings of the London Mathematical Society, ser. 2, 42 (1936-37): 230-265,
received 28 May 1936 — doi.org /10.1112 /plms /s2-42.1.230.
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Alonzo Church, "An Unsolvable Problem of Elementary Number Theory,"
American Journal of Mathematics 58 (1936): 345-363; Alan Turing, "On
Computable Numbers, with an Application to the Entscheidungsproblem,"
Proceedings of the London Mathematical Society, ser. 2, 42 (1936-37):
230-265, received 28 May 1936 — doi.org/10.1112/plms/s2-42.1.230.

— Stanford Encyclopedia of Philosophy, "The Church-Turing Thesis" — pla-
to.stanford.edu/entries /church-turing.

Stanford Encyclopedia of Philosophy, "The Church-Turing Thesis" —

plato.stanford.edu/entries/church-turing.

98


https://doi.org/10.1112/plms/s2-42.1.230
https://plato.stanford.edu/entries/church-turing/
https://plato.stanford.edu/entries/church-turing/
https://plato.stanford.edu/entries/church-turing/

COMPLEXITY

CHAPTER 10

Complexity

AMULTULDU

Second hearing of Part II. Chapter 09 asked what computation can do at all; this one
asks what it can do before the universe runs out of patience — and whether that
second question is merely practical or cuts as deep as any distinction philosophy has
drawn.

AsleaiuAsaNaaIvaania Il uni 09 arudnnisaudvineslslavnslundnnis unil
auIturineslslanaulonANALUUAANNBANU — KAZAIAIUNADIUTULALT DT
UHUR wseandnuindudewdsuanlag NUsseaednli

Is "possible in principle but not in practice" a metaphysical category?

"Jululalunannsualiilululalumeujoi duidunananyieefusaan
A 1
wiali?

In May 1971, at the third ACM Symposium on Theory of Computing, Stephen
Cook presented "The Complexity of Theorem-Proving Procedures," proving
that Boolean satisfiability — given a formula, does some assignment of true/
false to its variables make it true? — has a peculiar property: every problem
whose proposed solutions can be checked quickly reduces to it. Two years
later, cut off from Western journals, Leonid Levin proved the identical the-
orem in the Soviet Union without having seen Cook's paper — a second in-
dependent convergence on the same result, the same shape as Church and
Turing thirty-five years earlier. Richard Karp's 1972 paper "Reducibility
Among Combinatorial Problems" then showed that twenty-one familiar
hard problems — the travelling salesman, graph coloring, clique — are all
satisfiability in disguise. Cook, Levin, and Karp had located a single fault
line: P, the class of problems solvable quickly, against NP, the class whose
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solutions can be checked quickly once found. Whether P equals NP is the
most consequential open question in mathematics, and almost every expert
believes the answer is no.

Boolean satisfiability dnauandfussvaindenile: ynlyminainauiauasn
wansraaeulald druanguunluduldvun Stephen Cook Waaudaillu
UNA1U "The Complexity of Theorem-Proving Procedures" l@uamadu
ACM Symposium on Theory of Computing ASINAY Laaquwmﬂu 1971 —
Tandrelignsnssnzumilagns udraudnfinnsmuunaiaseinalisouys
= a o b4 < a = 1 o . . a L4
wuulauuunilaniiligasiluasanieli aesUsioun Leonid Levin Weail
ngufunpeanudzluannnleisn gnanvinainnsarsaziuan luneiu
UNAUYBY Cook — N15GUMINULALBATEATINADIGHAANSAEINU JUNT
1R82NU Church wag Turing WeauEURIUABUNTIY UNAIUUDY Richard Karp
U 1972 1584 "Reducibility Among Combinatorial Problems" sunia1tsymn
gnAuVTALA 21 Jeyn — wilnaune@iunag (travelling salesman), 113
syunedns v, ada (clique) — dauilu satisfiability Awuagsneun Cook, Levin
a v vy = = & =
waz Karp seysasuenifeniula: P Aeaaravesdayvnnunlaiss dau NP Ao
A o v A v [ = A 3 a A
AaNaNARaURsIvdaUlAlTIlonIRana) P wiriu NP wseli AsAianudai
aziisuuInanlundinA1ans wasl¥eIvIUNUNNALYDINAINaUAB bl

Scott Aaronson's 2011 manifesto "Why Philosophers Should Care About
Computational Complexity" argues that this is not a technicality philosophy
can set aside as an engineering detail. Classical epistemic logic assumes an
agent who believes all the logical consequences of what she believes — lo-
gical omniscience — and treats the assumption as an idealization, the way
physics idealizes frictionless planes. Complexity theory shows it is not an
idealization but an impossibility: for many ordinary beliefs, deriving every
consequence would outlast the universe even granted every computer hu-
manity could ever build. Aaronson extends the same lens to Hume's prob-

100



COMPLEXITY

lem of induction, to Newcomb's problem, and to economic rationality — in
each case, a puzzle that looked purely conceptual turns out to have a
computational skeleton nobody had priced in.

YSvaunlazisesinaduseasideamaimnssulalls unasn1sal 2011 ves

Scott Aaronson 1584 "Why Philosophers Should Care About Computational
Complexity" Taudeling1eiu nssnAransiBeaya (epistemic logic) WUy
ARNAANANNAKNTLYNNVONARULLDUTINTINLNNVOVRIAWAULYD — AW
59U313amssne (logical omniscience) — uazfiondoduudiilugauad wuud
Wandaauaiszuruliusadoaniu ngufanududoutindulildgauai us
@, 1 } 4 dl o ¥ =) dl v 2V
Jululadle: anuesssuandiuiuuin drazeyuunaduilodiasuynde
aedldiaanuuiuegenan selienAsunnasnAsaINYvevIRasela
v I | ¢ o A A o
w1 liANANAIY Aaronson deviaudnieaiuillundeyminisguiisves Hume
Uaym1ves Newcomb wazinanaidadsegaans — yanseal Usaungiluises
LY L84 v a o 1 (%4 dl 1 = 14
wlwiirlaoue) naviilasuderundeusgtslunlidlasiefisial’y

The clearest case of that skeleton is what P vs NP says about creativity.
Checking a completed Sudoku, or a proposed mathematical proof, takes a
fixed, modest amount of work regardless of how the answer was found;
searching the space of all possible arrangements or all possible proofs is —
if P # NP — exponentially harder in the worst case, no matter how cleverly
the search is organized. A mathematician's flash of insight, the moment a
proof strategy presents itself, may be doing something no systematic al-
gorithm can replace: recognizing is cheap, finding is not, and the distance
between them is precisely what complexity theory measures. Chess sup-
plies an older, purer instance of the same gap. Ernst Zermelo proved in 1913
that chess is determined — one of "White forces a win," "Black forces a win,"'
or "both force at worst a draw" is simply true, since the game tree is finite.
Nobody knows which, because "finite" and "searchable" are different claims;
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the game tree is too large for exhaustive analysis by any device anyone ex-
pects to build. "Solved in principle" and "true" turn out to be much further
apart than either word suggests.

Tassudiudndigaluded P vs NP vaniisafuanudnaiisassd nsmsaaglan
IGHCENES M%U%ﬁgaﬁwmmﬁmmﬁm%ﬁLauam Tdusenuwinfuuaz
wn liddmeutiuagldunesasls uinsladuuigivesnsdnGeeidululs
staviun wiounigaunidululdwanun — &1 P £ NP — sanfunuuenids
(exponentially) Tunseiiar§eiian Snsaidsunmsdulfaaiaualvudlitie
Ussmeemudilavestinadamans Junfiinagnsnisiigaiatunies 019
Adaidsiilifisanesimdeszuulauwnuld: $1lddgndugn vfumetuun
uagsEEginesEineansetsiinedsinguianududoutaned vanngnls
fhegefiinniuasuiansnitvestesiiisaiu Emst Zermelo Aigaiflud
1913 Jmmngngnainunsaliuda (determined) — nilsluanude "v1vadu
Tigugld "drdasulivugle" vde "easshedsduldodetiosiigaaiaue”
\Juasauiusu isrzduliing (game tree) vesiugiin Lifilasiindeluu
w1z "t fu rdumldae Wudenandnsauazises duliinulnaiiu
ningunsaflag ilasmanieinezadstuliasinseinsunnnsd uilaly
udnns" fu "93e" efusnndnfidnassiniuveniduile

Herbert Simon anticipated the gap from the other direction, decades before
complexity theory could measure it. His Administrative Behavior (1947) and
"A Behavioral Model of Rational Choice" (Quarterly Journal of Economics 69,
1955: 99-118) replaced the classical agent — who surveys every option and
every consequence before choosing the best — with a satisficer, who stops
at the first option clearing a "good enough" threshold. Simon meant this as
psychology, a description of how managers and shoppers actually decide;
complexity theory later gave it a floor that is not psychological at all. Any
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agent operating under a real time budget — human, corporation, or al-
gorithm — is a bounded-rational agent as a matter of physical necessity,
whether or not it wants to be.

. < 1 1 g a v 1 =) v Y
Herbert Simon Wina4319121NAU NA1ENAITIEABUN B AINTULUY
azinsiula wiisde Administrative Behavior (1947) wazunaanu "A Behavioral
Model of Rational Choice" (Quarterly Journal of Economics 69, 1955: 99—
118) Y0 U00AKNTLIIUUUAANEEN — A5 IdoNUATNAANSNTD DU
& o aaa Y | ° e e . ' 1%
\@ensInangn — aan ualldynszyinwuy satisficing (Mswalauane) 1wWld
a U A A L "o & v & a a
WV AUTIEARSIRIERNLSN RN "Awa" Simon aslaliidudninen
WJusedureingdanisuazaudevesdndulaiuaieg agndls ngufiainu
v Y a W ‘sﬂ/ Y o ] ‘sﬂ/ Al | A U a a ¥ o <
Fudouniivduaznewuliniulud wunldineadudninenas gnszvinlen
A o v a ¢ a v A W a = < £ o Ao
AUNTINUlAIUNAISI — UYwd UM niedanesiu — WuKnseyinid
S . . o & <
WAnaRvauLwn (bounded rationality) lnga1udndunienienn agnidu
wsolisyniny

The same fault line, treated as a resource rather than an obstacle, built
modern cryptography. Whitfield Diffie and Martin Hellman's "New
Directions in Cryptography" (IEEE Transactions on Information Theory 22,
1976: 644-654) proposed that a "trapdoor one-way function" — easy to com-
pute forward, computationally infeasible to invert without a secret key —
could let two strangers agree on a shared secret over an open channel,
though the paper offered no working example. RSA supplied one soon after:
multiplying two three-hundred-digit primes takes a processor milliseconds;
factoring the product back into its primes is believed, by every known
method, to take longer than the universe has existed. Every padlock icon in
a browser rests not on a proof but on an unproven complexity conjecture —
one-way functions are, quite literally, the applied physics of keeping a
secret.

a [ g dl Y @ o A [ 1% a
VYLLYALAYINUUU LiJE)Qﬂi‘ULUHVI’iWEJ']ﬂiLWluVIQBLU‘UQ‘Uﬁ'ﬁ'ﬁﬂ d97199NnY1n19
\swaadelmiduan unAu "New Directions in Cryptography" U89
Whitfield Diffie wag Martin Hellman (IEEE Transactions on Information
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Theory 22, 1976: 644-654) Laua'jqﬁaﬁ%’uﬂss@nammﬁm (trapdoor one-
. o v Y o [ =] [ I

way function) — Auaaludaniinge undunauleelaifinguaduwnuduly
Tilalugemuan — azvinlirunlanuinaeIaunNaINMUAUIINAUNIUY DS
malald drunanuesldiidiedneiiltdnuaiaausl RSA Tamegsuulu
natliwusienn: MsgudIvILaNIzANsesnanaaianuIalUswAes
szaufiadiundl druntsueniuszneunagunauiiudiuueniziiy Wedu
Tnasndnazldinaiuiunitergvesenan lonsuwlinyuannduuy

13 (4 ] v ¢ a U k24 dl U a v v v v 1
wriwesiveguudeninnisalideanududeundanganildlea luldnseguu

a 4

a 4 ¢ o a . A a < <
univganl — Henduniade (one-way function) AeWandUszenAvaINIsIAY
ANUAY MINAMURUIEATIAIT )

Complexity theory's strangest offspring reworks what a proof even is. Shafi
Goldwasser, Silvio Micali, and Charles Rackoff's "The Knowledge Complexity
of Interactive Proof-Systems" (17th ACM Symposium on Theory of
Computing, Providence, 1985; full version, SIAM Journal on Computing 18,
1989: 186-208) showed that a prover can convince a verifier a statement is
true — "these two graphs are isomorphic," "I know the password" — through
an interactive back-and-forth whose transcript, read afterward by anyone
who wasn't part of the exchange, proves nothing at all. The evidential force
lives entirely in the live interrogation and its shrinking probability of letting
a cheat through, not in a static object anyone can inspect later. That breaks
with every proof from Euclid onward, where a proof is a fixed thing you
hand someone and they check alone; here philosophy has grounds to object
that computation has redefined "proof” to mean something merely statistic-
al, and complexity theory's honest answer is that the older picture of cer-
tainty was never available at scale in the first place — chapter 12 finishes
that argument.

anulaniianvaangufmnududouseteuuainidn "uniganl” Tnsinasu
UNAIU "The Knowledge Complexity of Interactive Proof-Systems" U84
Shafi Goldwasser, Silvio Micali Ltaz Charles Rackoff (17th ACM Symposium

on Theory of Computing, Providence, 1985; avuAulu SIAM Journal on
Computing 18, 1989: 186-208) wansi1{gal (prover) lHiuiiIgnsIvdey
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(verifier) Tiiaindonnuniiaduaseld — "asassduil isomorphic Au" "du
Faanu" — Wiunistdneuluunuuuan wazduiinunaunuiveinislanautiy

tﬂl dl MY dl 1 k4 g a L4 v v o 1 ’o’ U
Wieaunlildsiuuaniasuangrudounds ngaveslslulaaadnagng uniin
\Benanguegfinisdnauan (live interrogation) waganutazidunvnag
13984 vasmsuaseaulnaanciiu lulaegiingllanlasaznduuinsa
dounaald TuupninAuunigauinndutuus Euclid iudivun fiunigetide

o = A = 0w =1y I~

vasneidigulilasaunidlunsiaomuaine assliusvgiivnuass
ARATLIINISAIWIMTteI "unigan” ndlivdeuaiseudeana Anaunsely
ASIUIVBIMgUANUTUTaURD MwAuusuwuunIuUlineTiasely
seaulugianaaanu — uni 12 agtatelaudsillinau

Whether "possible in principle but not in practice" earns the name meta-
physical depends on whether the boundary is fixed or merely historical.
Worst-case complexity classes are mathematical facts, but real instances
are not always worst cases: practical SAT solvers now settle satisfiability
questions with millions of variables that theory calls intractable, because
most real formulas are far from the adversarial examples the proofs are
built on. The gap between "P # NP" and "this particular problem, today, on
this hardware, is out of reach" is where sociology and engineering quietly
do the work that pure complexity theory cannot yet certify.

Hulvlslundnnsualidululdlumajie azauanslddoindeiusun,
violi Suegfuinduveutumes wiaiduudiseadse hamans aana
Anududau (complexity class) wuunsdiiarirefigadudoiianiems
adnmans uidegsialillddunsdianiefigaausly: fud SAT 13
UfTRnnTuildadinu satisfiability idfaudsiduduiald vaingudSendu
FuAladlalun1auia (intractable) sizansassdiulugiaglnasindlsgng
UfUn¥ (adversarial examples) ﬁumﬂqamuﬁﬂﬁua"sﬁﬁuuugwuﬁumﬁu
Yoeinesewing P = NP* fu "daymdeillasiane Juil vusifauasil oguen
\Bou” Aegaiidinuineuazimnssuiuiteus unudsdinguiaududou
au9 d35usaldla
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Connections - 1%aule

Chapter 09 established what computation can do at all; this chapter meas-
ures what it can do inside a clock. Chapter 03 asked whether machine testi-
mony counts as knowledge; interactive proof is that question with a prob-
ability attached. Chapter 06 meets the same impossibility-result shape in
algorithmic fairness. Chapter 11 takes up Kolmogorov complexity, the cousin
of computational complexity that measures description length rather than
running time.

unit 09 MslEInsiunierlsldddundnnns uniiininfuineslsls
aelunaiidsnia unii 03 suddldnisvenasasinsiuluanuiviels
interactive proof Aafnudatuiinauinasduindas unii 06 wasULLY
naansanudulvldlanuuifeaiuluanudusssuddanasiiu (algorithmic
fairmness) unfl 11 $u¥aesifae Kolmogorov complexity UAYBIANT UG
Bamuaitianuenfesuisunuatlunisiy

Open questions - A1aundanag

If P vs NP were resolved tomorrow, would it settle a metaphysical question
or only a mathematical one? Does the gap between worst-case hardness
and real-world tractability mean complexity classes describe the world, or
only the adversaries mathematicians have chosen to imagine? And if
bounded rationality is a physical necessity for any agent, what is left of the
classical picture of a fully rational ideal observer that philosophy built its
theories of knowledge and choice around?

81 P vs NP Qﬂﬂgﬂaﬂﬂv\l‘éﬂﬁl TugRAINIUTRAUTUY NIRLRLARINIULT
adAmART? Yosisseninamuenuuunsiiarefigatuauudidesdy
Tana3s wlatamannududoussunelan wisesuisuaufindiitn
aflnAnansidonasdumnnstuan? uazduvaraiiveuiun (bounded

rationality) iJuAududunenieninvesinssimnsie mweanadnveey

ada [

dunanisallugauadnvsraiiuten MWnUsvayas1amnguianuiuasnIs

=

wenduunuuliu dunaseslsey?

106



COMPLEXITY

Go deeper - 91Ufid

— Scott Aaronson, Quantum Computing Since Democritus (Cambridge: Cam-
bridge University Press, 2013).
Scott Aaronson, Quantum Computing Since Democritus (Cambridge:

Cambridge University Press, 2013).

— Stephen Cook, "The Complexity of Theorem-Proving Procedures," Proceed-
ings of the Third Annual ACM Symposium on Theory of Computing (1971):
151-158; Scott Aaronson, "Why Philosophers Should Care About
Computational Complexity" (2011) — arxiv.org/abs/1108.1791.

Stephen Cook, "The Complexity of Theorem-Proving Procedures,"
Proceedings of the Third Annual ACM Symposium on Theory of Computing
(1971): 151-158; Scott Aaronson, "Why Philosophers Should Care About
Computational Complexity" (2011) — arxiv.org/abs/1108.1791.

— Stanford Encyclopedia of Philosophy, "Computational Complexity Theory"
— plato.stanford.edu/entries /computational-complexity.

Stanford Encyclopedia of Philosophy, "Computational Complexity Theory"

— plato.stanford.edu/entries/computational-complexity.
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INFORMATION

CHAPTER 11

Information

da19duine

Third hearing of Part II. Chapters 09 and 10 measured what computation can do and
how long it takes; this one asks what computation actually moves when it runs at all
— and whether that thing is the whole world, or a very useful abstraction from it.

AsleaiuasanaIuvaenIa [ uni 09 wag 10 Salundlrnniseruravineslsle wagly
nawuinls unilaudsiegneuntuu: ainsAaineu dunisueslsiuu —
wazAwiuAalanalu wsatduiiNes abstraction NafneanuIanlanwazltlanuin

Is information the stuff the world is made of?

A g Y dl gj 1 dy =) 1
A13dULNFARD LUE]’JﬁC']‘VIIﬂ ﬂ‘l/l\ﬂUﬂE]‘UUiJ']‘Vﬁﬁ)‘lll?

Claude Shannon opened "A Mathematical Theory of Communication" in the
Bell System Technical Journal in July and October 1948 with a sentence that
would outlive the telephone-switching problem it was written to solve:
"Frequently the messages have meaning; that is, they refer to or are correl-
ated according to some system with certain physical or conceptual entities.
These semantic aspects of communication are irrelevant to the engineering
problem."” Chapter 00 quoted the line to mark computing's original forget-
ting; this chapter audits what the bracket actually bought, and what it cost.
What Shannon needed was a way to quantify how much a signal could be
compressed and how reliably it could survive noise, regardless of what it
was about — and his measure, entropy, H = -Xp log p, does exactly that. A
page of Shakespeare and a page of the same length generated by a fair coin
flip can carry identical Shannon information if their symbol frequencies
match, because the quantity is about surprise, not significance. The bracket
was honest and correct for the problem in front of him. It has been treated
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as a metaphysics ever since — a discipline that can measure information
without asking what it is of eventually builds systems it can quantify and
cannot interpret, and that gap is this chapter's subject.

Uszlealliawas Claude Shannon agfusnnintigumnisaduansinsdwiiisu
gnifutiunud w1liaunaanu "A Mathematical Theory of Communication”
Tu Bell System Technical Journal LiaunsngiANLAzAAIAL 1948 11 "Uannss
fidomnuiiannuvaneg tufe fudniuFedauduiusivasdidedaims
nMeamvzeneluriaiulesEuu udyuiBaanumang (semantic) ianives
nsdoaslifsadosiutiygwideianssu” unii 00 aﬂﬂsz‘lﬂﬂﬁmﬂﬂmﬂmi
Aunfausnvonanisiuan uniametydinaduiutesslsunld uazde
02151 Aeft Shannon desnsiewnsesiioveninduaamildusnldualn
waznudyaausuniulaualy leglidesauinduyaiesls ulnsy
(entropy) H = ~%p log p vaswinautiuldwed winszaeweinauves
Shakespeare ﬁuuﬁmszmwmqwhﬁ’uﬁ"lﬁmﬂm‘s‘[aum’%amﬁqaﬁssu Y
ANSAUVMALUY Shannon Wiiild draudvesdydnuainseiu insieuTuna
itnaudsenanala lildauddny duiudonsauazgndeatutiogmil
Mnsegnsatie uiauundesruiudueiudvan avinitieasaumald
Taglidesnurinduasaumanaserls anesdonsadssuuiinusuald
usiniarllaile uasverieiuietomwesunil

Shannon's entropy measures a message against a known probability
distribution of possible messages; it says nothing about a single object's own
intrinsic structure. Andrei Kolmogorov's "Three Approaches to the
Quantitative Definition of Information" (Problems of Information Transmis-
sion 1, no. 1, 1965) supplied that: the complexity of a string is the length of
the shortest program that outputs it and stops. A million zeros compresses
to a short program ("print 0, one million times"); a string of the same length
generated by fair coin flips compresses, with overwhelming probability, to
nothing shorter than itself — a formal definition of randomness as incom-
pressibility. Kolmogorov was not first. Ray Solomonoff had described al-
gorithmic probability independently at Caltech in 1960 and published "A
Formal Theory of Inductive Inference" (Information and Control 7, 1964: 1-
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22, 224-254) for a different purpose entirely: not measuring randomness but
formalizing induction itself. Solomonoff's universal prior weights every hy-
pothesis by the length of the shortest program that generates the observed
data, turning "prefer the simplest explanation" from a maxim into an equa-
tion — Occam's razor with a ruler. Solomonoff's work went almost un-
noticed until Kolmogorov's later, more rigorously presented papers cited it;
priority runs one way, fame ran the other, and Jorma Rissanen's minimum
description length principle (1978) turned the same idea into a working tool
for choosing between statistical models.

= Y% = o . & Ay

1@ulnsUv4 Shannon ntaAumnilaiisuiunisiantasnnuinasidunet

1% ¥ A & Y o 1 = LY 14 v [ &
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e denvenlafaunainu "Three Approaches to the Quantitative Definition
of Information" 984 Andrei Kolmogorov (Problems of Information
Transmission 1, no. 1, 1965) mnudgudaulaalulnsen (Kolmogorov
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WwAIMER LavAUENsauRIgaaunaalUTKATNAUS ("WNW 0 HEIA1UAST")
ansseniniunlaannislewmsegyefsssy ununnnsageliduninfidiuies
s nuAelisnudsguisvasninudu: Gudalule (incompressibility)
Kolmogorov laildauusn Ray Solomonoff aSunaauinagiduitedanasiu
(algorithmic probability) A8f2Lee9 Caltech At 1960 uazANUW "A
Formal Theory of Inductive Inference" (Information and Control 7, 1964: 1-
22, 224-254) wisgauszasanuazegn lilyinanudu uavinlinisguiladu
U1l prior @1na (universal prior) Y84 Solomonoff T mtinauuigiunnde
AuANEIvedlUsunsunduganasstayandunald "aenAasuieiieg
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Tdauassdmsuiaonseninalunaniean
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Rolf Landauer supplied the fact that keeps information from floating free of
physics altogether. "Irreversibility and Heat Generation in the Computing
Process" (IBM Journal of Research and Development 5, 1961: 183-191) showed
that erasing one bit of memory — a logically irreversible operation, since
the bit's prior state cannot be recovered from its blank successor — neces-
sarily dissipates a minimum quantity of heat, on the order of kT In 2. The
claim sat as a theoretical curiosity for half a century until Antoine Bérut and
colleagues built a single colloidal particle in a bistable potential and meas-
ured the predicted heat directly, published as "Experimental Verification of
Landauer's Principle Linking Information and Thermodynamics" (Nature
483, 2012: 187-189). Landauer's own slogan, "information is physical,’ is not a
metaphor: a bit erased anywhere in the universe has a thermodynamic price
tag, which is exactly why Maxwell's demon — the imagined creature that
seems to violate the second law of thermodynamics by sorting fast mo-
lecules from slow ones for free — turns out to owe its debt not at the sort-
ing but at the moment it must erase its own memory of which molecule
went where.

awndnansaumalinuilandliliasevanluiludass 11910 Rolf Landauer
LATQNITENAIBNATIMANNITHAUAEDS (Landauer's principle) UNAN
"Irreversibility and Heat Generation in the Computing Process" (IBM Journal
of Research and Development 5, 1961: 183-191) wa@n4I1A15aUANNTINTN
Unsesasunnusausenuiagneoslusedu kT In 2 — UfURnsiidoundu
lilawganssne szanuznounivesdngauainaniuzineiniuunlils 4o
nanosiiueudusenhauladmguijoga3ednissy au Antoine Bérut Au
nuaseuninneaassnnudludnduuuassaniueg (bistable potential) wad3n
k4 A o v a a ¢ & n . e .
Anuseunviunglilanssg Anunwidu "Experimental Verification of
Landauer's Principle Linking Information and Thermodynamics" (Nature
483, 2012: 187-189) AN ieyvas Landauer 184 "d@saumaAfadgnignIn®
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quidlouazilinngdefiaesweanasiulaufindld drenisuenluanaisienn
nluanatileglideanlddne uwinillidldnanaunen sufanoundudesay
AuTvesiesIluanaluulunigluu

John Archibald Wheeler took the physical entanglement of information and
pushed it all the way to ontology. "Information, Physics, Quantum: The
Search for Links," delivered at a Santa Fe Institute meeting in 1989 and
published the following year, proposed that "every it — every particle, every
field of force, even the spacetime continuum itself — derives its function, its
meaning, its very existence entirely" from "the apparatus-elicited answers
to yes-or-no questions, binary choices, bits." Existence, on this reading, is
downstream of measurement. Luciano Floridi's philosophy of information
generalizes the same instinct into a proposed successor discipline to meta-
physics, built on the claim that reality is best described at "levels of abstrac-
tion" defined by the observables a system tracks — informational structure,
not stuff, as what is ultimately real.

John Archibald Wheeler #&nAuRIRULTINBAWYBIASAUWALUIUFANS
§4127181 (ontology) UNAY "Information, Physics, Quantum: The Search
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Here the examination turns, because a fact about physical cost is not the
same claim as a fact about physical constitution, and philosophy is entitled
to press exactly that distinction. Landauer proved that erasing information
costs energy; he did not thereby prove that energy, mass, and spacetime are
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made of information rather than merely correlated with it whenever com-
putation happens inside them. Floridi's own framework quietly concedes
the point by making "information" relative to a chosen level of abstraction —
a physicist's level and a biologist's level carve the same event into different
informational units, which is difficult to square with information being the
one substrate underneath both. Wheeler's participatory universe remains a
research program rather than an established result, and most physicists
who work on quantum foundations treat "it from bit" as a suggestive slogan,
not a settled dependency. The identification overreaches exactly where
Shannon's original bracket was most honest: a theory that measures in-
formation while setting meaning aside cannot, without further argument,
turn around and claim that meaning was never there to set aside.

psatimsFnoaiuiingu mszdefinsafesiunudnisnlailidesns
iwenutaifiansaiesesdussnauidimenin uazUssaniliansnaiisesusn
1unseq Landauer igatdnsavansaumeaidunudundeanu wildldfgod
AT 178 LAZNIABINIA A319TUIN ATAUIA Wiz
Fuiussuifunnadsfinsduandntudnslutiu nseudnves Floridi tee
aam%’uﬂimﬁuﬁagjﬂmﬂq AENSININ "ansauna” UnmsiuseAauves
abstraction fidenly — seduvestinfAndfussdurasindrinewiumeanisal
wertueanidumirsansaumaruazyn uazyaAuareniudfuldundu
nsfiansaumaduansdsduniafoiliisaessedu onawiBeiidausau
(participatory universe) 783 Wheeler §aidulasiniside lailonadnsiisusu
ué uaztindnddrulnaifiviniaudusngiumeuduiied it from bit (aans
91ndn) ifufvtyiivauda laildnnsiangiud msszqﬁmwwuﬁémﬁu
TUnsegaiiraiudaiiuues Shannon Jenseitaawed nquijiiinansaumeld
AaMsiuANuRIIeeen iU aziundurngviaunineliweiiegliiuesn
audusn Tnglaifideliud i Taild
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Connections - 1%aule

Chapter 00 quoted Shannon's bracket to mark computing's forgetting; this
chapter audits it in full. Chapter 01 keeps to Shannon's earlier, narrower
1937 circuit work. Chapter 02 takes up Floridi's informational realism as a
question about what a program is. Chapter 10 supplies the sibling notion —
computational complexity measures time, Kolmogorov complexity meas-
ures description length, and the two rarely coincide. Chapter 15 takes digit-
al physics — it-from-bit's descendants, from Zuse to Wolfram — to the
question of whether the universe itself computes.

unil 00 8n29LaUY8Y Shannon UtnYyANISENYBIINNISAIUIA UNTNTID
Unydsiumuguau unil 01 agiuawieast 1937 ¥es Shannon Miinduaz
WAUNIT UN 02 neudatioutisasaumnd (informational realism) 994 Floridi

¥ < o 1 ~ a 4 a aw %
wnadudAanuinlusunsunilesensls uni 10 THuuiAendeswessiu — A1u
FugpuBIAILIIALIAT Kolmogorov complexity TAA11181IA195U1Y 149
goaunuldinensaiu uni 15 wNEnd139R3na (digital physics) Me1nved it
from bit A4ua Zuse 919 Wolfram lum@iaiuinenaniesfuiumsa by

Open questions - A1aundanag

If Kolmogorov complexity is uncomputable in general — no algorithm can
determine the shortest program for an arbitrary string — what does that
limit say about how far Occam's razor can ever be mechanized? Does Land-
auer's principle really license "information is physical,’ or only "erasing
information has a physical cost," and is the difference between those two
claims the whole of the dispute over digital physics? And if levels of ab-
straction are chosen by observers rather than discovered in nature, can
philosophy of information still claim to be describing what is real rather
than what is useful to track?

Aanududoulaalulnsendiwialilalaenily lusidanesniulamlusunsudu
= a 1% A o v U = Y=

ngavesansilag 16 — Iadriatuvenezlsiieaiuinfialnuves Occam 2w
nanglunalnldlnaudlvu? ndnnisuaweesseyyinlinadi "asaume
ARANTINIEAIN" 1AD3ITD USOBYYIALA "NITAUAITAUNATAUILLTY
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ANEATN" LAZAIMUAINSENINNADIVDDNUADTINWINNINUALTDINANALT
aa o | 1 ¥ o . Yo ¢ & X 1
AdalyuIeli? uazdnszAuves abstraction gnidunanisalidendu lildgn
Aunulusssuvd Usseransaumadisnsldeguseinmasesunedimduais
lalegansiuseloviazianiu?
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— James Gleick, The Information: A History, a Theory, a Flood (New York: Pan-
theon, 2011).

James Gleick, The Information: A History, a Theory, a Flood (New York:
Pantheon, 2011).

— Claude Shannon, "A Mathematical Theory of Communication," Bell System
Technical Journal 27 (1948): 379-423, 623-656; Ray Solomonoff, "A Formal
Theory of Inductive Inference," Information and Control 7 (1964): 1-22, 224~
254.

Claude Shannon, "A Mathematical Theory of Communication," Bell System
Technical Journal 27 (1948): 379-423, 623-656; Ray Solomonoff, "A
Formal Theory of Inductive Inference," Information and Control 7 (1964):
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TYPES AND PROOFS

CHAPTER 12

Types and Proofs

BinAUUNNgaU

Fourth hearing of Part II. The last three chapters asked what computation can do,
how long it takes, and what it moves; this one asks what happens to the oldest
philosophical prize — certainty — once proof itself becomes a checkable artifact.

unilauinineslstuiussTaltaussgniunign — AnuwLLew — Wieunigaties
naneludassAvgnnsiaaeuld dRanislaaiunsandvesnia Il auundountinanudn
nsanasiteglsld Tdnaunuudlv wasiedeussls

What happens to certainty when proof becomes an artifact?

1 A = a 4 & a a <
mﬂmtuuau%maaaﬂs LZJE)UVIWQQUﬂﬁ']EJL‘UUﬁ\?Ui%WUﬁ

In 1976 Kenneth Appel and Wolfgang Haken proved the four-color theorem
with the help of a computer program that checked close to fifteen hundred
map configurations no human being would ever survey by hand — chapter
03 already sat with the shock that verdict caused: a proof too long for any
mathematician to read start to finish. Nearly thirty years later Georges
Gonthier closed a different case about the same theorem. His formalization,
completed in the Coq proof assistant and published as "Formal Proof — The
Four-Color Theorem" (Notices of the American Mathematical Society 55,
2008: 1382-1393), did not merely rerun Appel and Haken's argument; it re-
derived the whole proof, combinatorics and case-checking alike, as a se-
quence of steps validated by a small trusted kernel that a single person can,
in principle, audit line by line. The theorem that once symbolized proof out-
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running human comprehension became, in Gonthier's hands, the theorem
that showed comprehension could be replaced by something more exacting
than any human reader: a machine that does not skim.

U 1976 nwi)unad (four-color theorem) gt lusuNTUABNNILADT
lansranisdanwnuiiiounisiuidosuwuu Sruaunlufivywdauluula
aasiialn AuNgaIAs Kenneth Appel uaz Wolfgang Haken um# 03 1isagiu
WSIAUALIIDUVBIANFAAULUNILED: UNTgaudanfunItinatinAansA
Tnageuaunsunnuauay nauaudulsaun Georges Gonthier Undnannile
a = [ o Y & LY . . <
VaIngufunihgaiu n1svinliluguile (formalization) vaa t@5alu proof
assistant @ Coq wagAnuWLdu "Formal Proof — The Four-Color Theorem”
(Notices of the American Mathematical Society 55, 2008: 1382-1393) laila
Sutaldudvad Appel fiu Haken 911ae9 siuasisuniigannaguaulg va
combinatorics tazn1slansransal Iitduadutunaui kernel (Lnu
< = P2y P a P o

n319aau) 1ang Ni3lalasusesnnugnaes uavauAuREINgIRlANaZUIYIA
Tundnnis nqufjuniiedudyanvalvesunigaiisiuanudiloves

4 [ = & . a ' v av v
uywd nansulungufun Tullaves Gonthier Nuansdraudilagnunuile
AI8UNBENNIITNNIAN IR UNYEEAUla: 1ATBInIN g uHIue

What makes Gonthier's kernel trustworthy is a correspondence discovered,
not designed, twice over. Haskell Curry noticed in 1934 that the types as-
signed to combinators in combinatory logic could be read as axiom
schemes of intuitionistic implicational logic, and in 1958 that a fragment of
Hilbert-style proof systems coincided with a fragment of typed combinat-
ory logic. William Howard made the analogy exact three decades later
without knowing Curry's full history, circulating a manuscript in 1969 that
was finally published as "The Formulae-as-Types Notion of Construction” in
a 1980 festschrift for Curry edited by Jonathan Seldin and J. Roger Hindley.
Howard showed that a proof, written in the natural-deduction style Ger-
hard Gentzen had introduced in 1935, and a program, written in the simply
typed lambda calculus, are the same object viewed from two directions: a
proposition is a type, a proof of it is a program of that type, and simplifying
a proof — removing a detour — is executing the program. N. G. de Bruijn ar-
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rived at a version of the same idea independently at almost the same time,
building it into his Automath system before either he or Howard knew of
the other's work. Three researchers, working from logic, from combinators,
and from an automated proof-checker, kept finding the identical seam —
the strongest kind of evidence this book has for its own claim that philo-
sophy and computing are one project rediscovered rather than two projects
borrowed from each other.

]
a A

&4l kernel 989 Gonthier 13laldAsAdnuaanades (correspondence) 7
1% | P T = @ d
gnAuny lildgneenuuu uazAunwuyfaasseu Haskell Curry #anmlud
1934 1wila (type) 177U combinator Tuns5n2LBIN53A (combinatory
logic) 81ulalugue axiom scheme vasnssnzidtoulunuudyvuten
(intuitionistic) waglul 1958 Indrunilavedszuungatuuu Hilbert n39fiu
AUNIVaINTINTINTIANAVUAAIAY A1uNAITTEEANT William Howard
insiisuiAssiuliwiug Tnglizuseiinamunves Curry widsduatu
Reusulul 1969 Ltazﬁuvlﬁaﬁmwﬂuﬁqmﬂu "The Formulae-as-Types
Notion of Construction" Tu festschrift U 1980 Nvinduls Curry Tnedl
Jonathan Seldin wag J. Roger Hindley tduussaun5nns Howard wanainun
wgaundeulualndnisilsiusssuwi@ (natural deduction) 71 Gerhard
Gentzen w@ual3ud 1935 Aulusunsunsulusnanaawanvnniisineeng
418 (simply typed lambda calculus) ﬁai’mq%uLﬁmﬁ’uﬁummﬂﬂuazﬁm:
UsenatAeuiin unigatvedusenauAalusunsuveswiliniu uagnisanglun
a & ) I 4 a ) .. a a
WALl — ANNNTouT — Aan135ulUsunsu N. G. de Bruijn Anlaihasu
= U d’lé{ 1 dl U a U
Weniulvwedunailadeiuwuned waziuadluszuu Automath vas
11 ABUNIAY Howard ag§i18ndevinseufieniueg Uniduaiunu AUkl
UIINATINANANS AUNTIINIAIA combinator AUNLANIAINAINTIVADUUN
WUIRLULR A9ReTEMBLRLINUASILAIATIAY — HANgIUNuTNTIAT
nilsdotauild dusutenanonswestiuesinusvaniunsauianelasinig
wengnaunudn lulvaedlasinsneuvaaiu

18



TYPES AND PROOFS

The correspondence gave a century-old heresy its revenge. L. E. J.
Brouwer's 1908 paper "The Unreliability of the Logical Principles" rejected
the law of excluded middle — the claim that every statement is either true
or false — for mathematics whose objects are mental constructions rather
than mind-independent facts, building on the intuitionistic program he had
opened in his 1907 dissertation. For most of the twentieth century this
looked like a minority taste, a scruple most working mathematicians could
safely ignore. Curry-Howard explains why it stopped being optional inside a
proof assistant: a constructive proof that something exists must, under the
correspondence, be a program that builds the thing, while a classical proof
by contradiction — assume no such object exists, derive a contradiction,
conclude one does — corresponds to no program at all, because it never
says how to build anything. Coq, Agda, and Lean are, at their foundations,
implementations of intuitionistic type theory not out of philosophical loy-
alty to Brouwer but because only the constructive fragment hands back
code you can run. Intuitionism became load-bearing engineering exactly at
the point where it stopped being asked to defend itself philosophically.

AUADAAADILADNITUALAUYBIAINUBNINNLDIYTUANITTE UNAIUT
1908 w84 L. E. J. Brouwer 1584 "The Unreliability of the Logical Principles"
Ufiasnguinalasitiade (law of excluded middle) — Fonanaganiamn
Usznwauluaswisenasdslaegrmilaaue — dmsuadinaansningues
Sududsairmedn lilddemaassiiiudassainin degenainlasinisday
yullpy (intuitionism) M nUal3luinginusy 1907 nasarnIs5ui 20
iHounianasse deufasiiguiieusaiuuvesnunguiios iWuanudualaditn
AanAansEvinaueswestnuldegnaUasniie Curry-Howard agureavinly
fudnifunadenlulanues proof assistant: UniigaiiiBeasne (constructive
A a a v vy A v I a v &2 &
proof) Ni1usdsdiey neldanuasnnassil readulusunsunasisdaiueen
11 dIUUNNGLTIRanaan (classical proof) wuungalnedatnuds — auui
IlifiTnguuey syutuaNudands aguindulied — lunssiulusunsulaiag
L% 1 ad ¥ o 1 dl = ¥
wsedulivenisasiselsdnegng Coq, Agda uay Lean sIngIuAon1sasa
(implementation) wasguijviindayyuieu (intuitionistic type theory) luila
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= (3

IWS12ANANIUSTEYIRB Brouwer WALWS 1zilusaugsad1ainuunaulannsu

v a

Tanauunli dyvudeunarsdudanssuiuunimiing3s wefnsigandud
4 9 o = U
gnvaliunlasmiteadausyayn

Once that machinery existed, mathematics started handing it its hardest,
longest proofs. Thomas Hales completed a proof of the Kepler conjecture —
that no packing of equal spheres is denser than the familiar grocer's stack —
in 1998, but the 250-page argument, part conventional and part computer-
assisted, took twelve referees four years and left them only 99 percent con-
fident it was correct. Hales responded in 2003 by launching the Flyspeck
project to re-derive every step inside HOL Light and Isabelle; the formaliza-
tion was completed in 2014, checked and independently rechecked that
year, and published as "A Formal Proof of the Kepler Conjecture” (Forum of
Mathematics, Pi, 2017). Flyspeck's tens of thousands of lemmas rest on a
kernel small enough for a handful of people to inspect completely, in place
of twelve referees who could only sample a proof too long to read whole.
Lean's mathlib, a continuously growing, community-verified library built on
the same foundations, now formalizes results across the whole of mathem-
atics as they are proved, turning "has this been checked" into a question
with a machine-checkable answer rather than a matter of reputation.

wonalntufiey adincanshtuunigainiviniigauazeniianvesiaedliiiy
m579 Thomas Hales Wgaiidan1nn15aives Kepler (Kepler conjecture) @159
Tud 1998 1laifAEsansananvuaiiuluulawiuluninesualiidiviedn
Bosly usiteliuda 250 winuduuuudaauaiwmis Ineuiumesdisdn
A3andls Aunandamemuavassauludl wazavasiienuiulaiies 99
Wesiudingndes Hales naudaenisilalasenis Flyspeck 1ull 2003 Lo
a¥ramntumeutuluminiglu HOL Light uag Isabelle smuguiioiaalud 2014
aTvEULaznTINT  nedasylulifeaiuy Afiuidu "A Formal Proof of the
Kepler Conjecture" (Forum of Mathematics, Pi, 2017) UVI{??\‘I (lemma) “ang
wilutauas Flyspeck 13agjuu kernel idnweliiaunduiioideansaaldasuyn
ussvia wnugnsauduassauiigueuldiiesunsdnesuniigotiieniiu
N919881UAU mathlib Y84 Lean ﬂé’aﬁ‘[mﬁunnﬁfuuawmuﬂiwﬁ’umm Gy,
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P

a v v Av o v cU a V¥ @ o 1% o A
FINgReIiU Jutiiivinadnsimnsadamansinduguisluniouiun
HaANSIAIUgNTEL "Fastignnsivdeundinsedy” Judnduisewes
Fordes uaznangumauinsesdnsnauls

Vladimir Voevodsky pushed the foundations themselves one step further.
Homotopy Type Theory: Univalent Foundations of Mathematics — the col-
lective volume written by the Institute for Advanced Study program he led,
published in 2013 — proposed reading types not as bare sets but as spaces,
and proofs of equality between elements as paths between points — under
Voevodsky's univalence axiom, structures that are isomorphic can be
treated as identical, which gives mathematics's oldest and most abused
word, "equal,’ a precise, checkable meaning it had never quite had before.

Vladimir Voevodsky é’uﬁ’smng’uumﬂﬂﬁn%’u Homotopy Type Theory:
Univalent Foundations of Mathematics iusauiideulnslusunsuves
Institute for Advanced Study ﬁLmWLﬁuN:'ﬁﬁ FNuWY 2013 L@ualienuyina
(type) lalldmiuang uslduuigd (space) wazeruunigatiauwiniu
szrinsdundniludunieseninega aeladawaiiienan (univalence axiom)
w84 Voevodsky Tassa319it isomorphic Aufieidudafeanuld drir iy
AiiiudiigauazgnldRaniinigalundinaans 3dldanaumneiiuiuguaz
nsavaeuld Anumuediduldnefiosey udeu

None of this delivers the certainty Hilbert wanted in 1930. A proof assist-
ant's guarantee is only as strong as its kernel, and the kernel rests on a
compiler, which rests on hardware, which can fail — the same regress Wit-
tgenstein pressed against any rule that claims to interpret itself, and the
same one chapter 03 raised as a Gettier problem for sensors and pipelines.
What Curry-Howard delivers instead is certainty re-engineered as a
budget: instead of trusting a 250-page argument and twelve tired referees,
trust a kernel of a few thousand lines, state exactly what would have to fail
for the proof to be wrong, and let that be the whole of the remaining doubt.
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Philosophy wanted proof to end an argument once and for all; computa-
tion's counteroffer is a proof that tells you precisely how small the
argument left over actually is.

lutsieglsluildanauauuiueunuui Hilbert siosn1stud 1930 n1sSuuseiu
U84 proof assistant WU kernel YoITUWINTIU kernel 119BEUY
maulwiaas raulniaasinsaguuasauas uazansauisnala — nisaeenaulyl
39U (regress) duigafiuil Wittgenstein nadunglag Ng193ndausedla
v A v A a =1 [ & a < .
wazduRgniunung 03 endunnludayninniies (Gettier problem) ¥4
s < ca o \ 1% = . =
wiasuayluUlal & Curry-Howard daaulviunufeainuuiueuiign
sonuuuTniilusuuszunn: ununazgliladeliuds 250 winAugnsaaniun
lﬂl Y a llﬂl L LY ¥ 1 L4 L
wilesarduaasau Tilila kernel linwuussiia seyliitainezlsdoaiaun

a o2 a

Wgaudsazin udr bivindudumuasdefimvasegianun Usveroenliun

U

NaiUnvalAudunnuInASILAEIAU TotauslinauuaInITAIUIIABUN

u

a o ¥ 1 o 1 ¥ Yy v A = 7 [ i
WQQUVIUﬁJﬂVLﬂ wiug1INvelALg AR UULEaN LLﬂ‘l‘Wu

Connections - 1%aule

Chapter 01 introduces Curry-Howard as the logic chapter's treaty between
the two disciplines; this chapter completes it. Chapter 03 is where the four-
color theorem first caused its epistemological shock — this chapter is its
answer. Chapter 09 supplies the incompleteness results that proof assist-
ants must live inside rather than escape. Chapter 11's Kolmogorov complex-
ity measures the length of a proof the way this chapter measures its trust-
worthiness.

uni 01 wuziAugenAdee Curry—Howard (Curry—Howard

correspondence) Tuguzausay152WINADIAIVIYIVOIUNATINAENS
g ] ¥V o dl = dl = dld 1 ) I a a

unilvinliniuasu uni 03 Aeganingufundansussduaziiowdeeyiaing)

] Ha o = v o o ' o .
Asasn unilAemnau uni 09 Tinaawsisesnnuldauysali proof assistant
aesagdnalu Tulyniinu Kolmogorov complexity Tuunil 11 Samanue1ives
UNgat wuuRgaRununilinanuiyenevesiu
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Open questions - A1aundanag

If a kernel can be made small enough for one person to audit, has the re-
gress of trusting the verifier actually been stopped, or only shortened to a
link short enough to overlook? Does univalence settle what "the same
structure" means in mathematics generally, or only inside type theory's own
house? And now that Lean's mathlib checks new results as they are proved,
does mathematical knowledge still need the human community of referees
at all, or only the community that decides which theorems are worth
proving in the first place?

¥ =3 4 = 14 LY 1Y Y

01 kernel lanwaliAuAuABINgITlG n1sassnauliiavvenislilasy
MTIVADUNLAAIDINTD UIDUAYNIDIUNADIALTONNFUNDILNBIUIY
dawarliana (univalence) efnuNIeve "lassasiufenu” Tindnaans
gj G avy v ¥ 4 a a dydl .

1929n15 w30gR lanAluTIuvIg Ui uliaied Lagnouilil mathlib vad Lean
asranasnsindlunseufundugnigan mnuinisadinaiansdadasnis
YUBUNYBIVDIRATINNIUDENSD [ US0RABINITUAYNTUNANAUIMEFUN
TuuAuALANSNFIUAILEALTN
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LEARNING MACHINES

CHAPTER 13

Learning Machines

4‘ = | 4
LADILIBUT

This is Part II's fifth hearing: computation has spent a decade teaching itself to speak,
translate, and see without being told a single rule, and now philosophy is asked to
explain how that could count as knowing anything.

nslaaaun3ei 5 vaena Il: Aulfisuun nsAunadousieddiye ula wazuoaiu
Tngliifilasuanngdnde neuliuivagnueliesuieindwuduilunisieslsldedials

What does machine learning prove about how knowledge enters a mind?

a P & a Pe v v 4 aad Y ¥ aa
ﬂ’]SLSEJug“UENLﬂiENWQR’IUE]ﬂﬂﬂU’N Liﬂ\i’aﬁﬂﬂ'ﬂugﬂl’]@ﬂm

On 24 May 2024, Anthropic let the public talk to a model that could not stop
mentioning the Golden Gate Bridge. Ask it for a love letter and it worked
the bridge's orange paint into a metaphor; ask it to file your taxes and it
found a way back to the fog over the strait. This was "Golden Gate Claude," a
demonstration built from research the company had just published: "Scaling
Monosemanticity," which used a sparse-dictionary technique to pull tens of
millions of human-interpretable "features" out of the middle layers of
Claude 3 Sonnet — internal directions that reliably fire for a specific bridge,
for sycophancy, for a known kind of security flaw (Anthropic, "Scaling
Monosemanticity,’ May 2024). For the demonstration, one feature was
simply turned up until it dominated. The model was taken offline about a
day later. What it left behind was stranger than the joke: a single concept,
inside a system nobody had hand-coded concept by concept, had an ad-
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dress you could dial like a volume knob. A structure philosophers had called
irretrievably opaque turned out, at least at this one coordinate, to have a
location.

=

Fuil 24 wawnAu 2024 Anthropic Walsiauiluaefulunadiveayai
Golden Gate Bridge luilé vaanuunesn dudsdduvesazniuunduguun ve
Thedun® funndulufinuenmilodesunuauld fife "Golden Gate
Claude” nsangaiiadnsarnaddeiiusenimaneuns: "Scaling
Monosemanticity" l#inaila sparse-dictionary fiq “feature" V;uuwﬁamﬂﬁlﬁ
TuAudusieenunnaweinansues Claude 3 Sonnet — AAmaneluiifn
Fuathiauedioweaynuduiuduien deweanuusyavaenas iewe
daslninnulasafouuuiisindueguda (Anthropic, "Scaling
Monosemanticity," May 2024) MsanSanSaiiisa feature eI TuauTY
aseudidReUTavin Bnsauileiuluinafignaensenainszuy Afituiialy
wanndwnean: wndaierlussuuitliflesdeuldaiiasuunfndaeie i
aeﬂwuuﬂsﬂlﬂ muauﬂmam Iﬂ'i\‘i’di’N‘VluﬂUS‘UﬁU’]LﬂEJL‘SEJﬂ’J'WI‘Uf\]uﬂﬂuvLHVLﬂ
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That location is where this chapter starts, because finding it reopens a dis-
pute older than any computer: what, if anything, must a mind already have
before experience can teach it something.

FULUUADYATNIUNLLEY Ws1zn1sWUTUSaTaRWIMTIALANTIABUN MBS

dl g T a ¥ I a L9 1 Y LL=]
NNAIesTUI I Indesdiozlsindaunnou — d1dl — Ussaumsalfisazaeu
aglsdula

Empiricism and rationalism have been run, this past decade, as an experi-
ment at scale. Noam Chomsky coined "poverty of the stimulus" in Rules and
Representations (1980): children acquire grammatical structure that the in-
put they actually hear radically underdetermines, so some of that structure
must be innate — Universal Grammar. Large language models seem to an-
swer back: trained on nothing but text, with no grammar built in, they be-
come fluent. But the reply does not settle the argument, and philosophy ob-
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jects on the argument's own terms. Chomsky, with Berwick, Pietroski, and
Yankama, restated the case in "Poverty of the Stimulus Revisited" (2011): the
claim was always about what a child's actual, limited exposure can support,
not about what any learner given enough data can do. A model trained on a
written record no child ever sees is not a counterexample to a claim about
children; it is a different experiment with a different subject.

ﬁuﬂﬁmumLmUszaumiiﬁﬁsmﬁ’ums}Naﬁaummaaaﬁﬂwmﬂimj Noam
Chomsky Ueyelfifn3n "anuwinuAauesdast” (poverty of the stimulus) 13
Tu Rules and Representations (1980): iiniFsuslaseasishennsaifidoyatin
rdemaninldtuaieimualilineias Tassaraunsdndedosiiafauud
Aiia — Lwnsalaina (Universal Grammar) lunanwnaunalwgjguniiouas
maulanau msumedeanuaiug lfilensaiildilud Adaaldaaes us
mneutiulilatonniies uazusvanidudeteulvresdeldudaues
Chomsky 591U Berwick, Pietroski uag Yankama nanverauattnly
"Poverty of the Stimulus Revisited" (2011): %aﬂéwaﬁﬂqﬁmmﬁaﬁaﬁnﬂi§u
Foyassauazdrinves iiin sesiuldianesn laliAaigSousauluuinnainlg
ftloudioyaliunnwe Tunafimsuanndufinarednuaisnusitlifidinaulu
ey 3elalidegnsdudondnndraFoudn suAen1smaassauazsudu
denuaziFos

The empiricist side of that experiment has a doctrine, and the doctrine is a
wager about how knowledge arrives. Richard Sutton put it into engineering
form in March 2019: "The biggest lesson that can be read from 70 years of Al
research is that general methods that leverage computation are ultimately
the most effective, and by a large margin" (Sutton, "The Bitter Lesson," 13
March 2019). Chess, Go, speech, and vision each fell to search and learning
after decades spent hand-encoding what researchers thought minds
needed. But a lesson drawn from which strategies won in a handful of do-
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mains is a historical generalization, not a proof about how any mind must
gain knowledge — and it is silent on domains, like formal proof (ch.12),
where built-in structure has not obviously become a liability.

Heuszaunmsnifouiivdndasuvesiies uaendnasutiufensniiui
Aanujundaldegnels Richard Sutton ulasduduguuuudsimnssuluiiou
fiunaw 2019: "uniFeuiilugiiiaaiisnlfainauide Al 70 3 Aedsnsialui
TéUseToviinnn compute dnaffigalufign uasfnindrossssinaann’ ("The
biggest lesson that can be read from 70 years of Al research is that general
methods that leverage computation are ultimately the most effective, and
by a large margin") (Sutton, "The Bitter Lesson," 13 March 2019) #1030
a1na ng n1sya nsueaiiu AsreliiunsAumkazn1sisaus waenn
wanenassuiinualufunadhsiameiioludsditniduaniidndasnis ud
uwneuiiaguaninagnsivusuglulaulitlawudunisasuid
Useiieans llvunigaiindnlag desldanuiuneendls uazduteuaiin
delaumegauniigatidegute (unii 12) iilassadedeilanusidusalinans
WDunszegnednou

Chapter 05 puts Stevan Harnad's 1990 question on the record: can a system
that manipulates symbols purely by their shape ever mean anything by
them, or does it only borrow meaning from whoever reads its output? A
model trained only on text is, on that question, purer than anything Harnad
had in mind: its entire "experience" is other symbols. Is a feature that fires
reliably on "Golden Gate Bridge" across languages and phrasings a grounded
reference to the object, or an extremely well-organized cluster of shapes
that still refers to nothing? The finding is evidence; it is not a verdict.

unii 05 TufinArnuves Stevan Harnad Tudl 1990 THidundngiu: szuudi
Sansydnualinegunsediug ssmneiverlsdedydnuainaniuliae
v3oli viesunABuarumneanauiistunadwsvesiu Tumafinsuain
Foruiun Uignaseranutiubeniteslsii Hamad efinds g

"Usgaunisal’ YevuavesiuRedanualdu feature NARIudiauDIlolae
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"Golden Gate Bridge" Tiunwuazdnudiuiu Aen15o198endalesiunaing
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The research line runs from "A Mathematical Framework for Transformer
Circuits" (Anthropic, December 2021) through "Towards Monosemanticity"
(2023) to the 2024 scaling result, and it gives philosophy of mind something
it rarely has: a system whose internal representations were discovered, not
designed, open to direct inspection rather than armchair argument. The
caution belongs beside the excitement — a "feature" is what a sparse au-
toencoder, itself a trained model, finds; whether that unit deserves the
name "concept" is exactly the question interpretability opens rather than
closes.

mmmﬁ%’aﬁmﬂmﬂ "A Mathematical Framework for Transformer Circuits"
(Anthropic, 5421AN 2021) WU "Towards Monosemanticity" (2023) 11819
HASNSMSVENEEINaY 2024 wariunoudsiuFvauiadnunuldined: ssuu
finnsunudniglugn dunu ldldgnesnuuy Ualvinsaaeunses wnuns
anifiBsuuing anuszinseTadosndiunnuiiuidu feature” Aodsii sparse
autoencoder AUWU WazA7 sparse autoencoder amilulumafisiunsmsy
a1 mbetuauaislédadn "concept” wiell Aoranui interpretability (A5
finule) Wald lalvlnas

Hume's problem is replayed, batch by batch, inside the training loop. In
1748, Hume showed that no argument — demonstrative or probable — can
license projecting a past regularity forward without already assuming
nature is uniform, which is the very thing in question (Hume, An Enquiry
Concerning Human Understanding, Section IV, 1748). Every gradient update
is exactly that projection: a rule fit to past batches, licensed to govern data
it has never seen. Statistical learning theory supplies generalization bounds,
but only by assuming train and test are drawn from the same distribution —
Hume's uniformity principle, formalized and assumed, not derived. Comput-
ing's retort is that probably-approximately-correct is enough to ship; philo-
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sophy's is that this is enough only because the premise Hume showed un-
provable was smuggled in at the start, which is exactly why models fail si-
lently the moment the world stops resembling their training data.

Ueyuea Hume gniaudiiazuundaglu training loop U 1748 Hume uanslv
@ 1 v Y Y 1 a 14 1 =) 1 [ dl 4
iwinhifidelaudala ldinazigailauiveunseuninazilu Neygyaliaiy
anuainauslueanluteninla legldanuilineuinsssuvfaiaue ¥
& a ado w Y o ] a . .
WudwvnaIgnaIAIaIuegwen (Hume, An Enquiry Concerning Human
Understanding, Section 1V, 1748) n159Utan gradient nﬂﬂ%’aﬁamimsmw
& A W = Yo v v A o '
wuutudee: ngi fit Aususdluedn lasueugyinlinuaudeyaniuline
< = = Y a aaq v & . . v
Wil g ufn1sieuiideanaliveuiunnisinaly (generalization bound) 1lé
ualinldnmeudloduuidnagm train fuyn test gnAuNIINNINSTAIERILREITY
[ ) ] o Y & LY 1'% avy v 1 a L4
— ndnANualENeYad Hume Nigniinliduguiiouas auudly lulvngaun
Hlan1sAnunil@dnuA probably-approximately-correct Aweadavasla s
Usuayldindiunaiwsigdoauudin Hume uansvinngaililagnanasuldidiun
ALARY waziluAanNansas) 1 lulumadsdumainuutiaue) vivdinlan
\AnAAIETaYaNIUNTUN

The people, briefly. Sutton has spent four decades building reinforcement
learning's core toolkit — temporal-difference learning, actor-critic methods
— from the University of Massachusetts to AT&T Labs to the University of
Alberta, where he has been a professor since 2003 and, from 2017, a distin-
guished scientist at DeepMind Alberta. Chomsky has argued the rationalist
case from MIT linguistics since the 1950s. Harnad's grounding paper has
outlived several fashions in Al it was written to challenge. Chris Olah, an
Anthropic co-founder who previously worked on interpretability at Google
Brain and OpenAl, has run the Transformer Circuits project since its 2021
opening paper.

dau Tagga Sutton TnmAnmssyairsyaesosiiendnved reinforcement
learning — temporal-difference learning, actor-critic methods — Haus
University of Massachusetts U AT&T Labs auil University of Alberta ‘17iL°U’1
Hurmansansdandausd 2003 uazdoudd 2017 Wutininermansmsud
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DeepMind Alberta Chomsky 8uns1ueneinnallenannInIvIN1WIAIEnsh
MIT 2183uANA955% 1950 Wilasi5aan158alasved Harnad agaenansenu
£4 nﬂl U = ng 4 . L) J g.’l
Prunszuanatenseualy Al dugnilisudunnvinnig Chris Olah {siunaca
Anthropic MItAB¥i19IUATU interpretability 91 Google Brain tag OpenAl ALka
1A53n15 Transformer Circuits uaausiUasilagag 2021

Connections - 1%a3la4

Chapter 04 asked whether the mind is what the brain computes; this
chapter asks what an artificial learner's success or failure can actually prove
about that question, and mostly finds "less than advertised." Chapter 05
owns the symbol grounding problem this chapter tests at scale. Chapter 09
supplies the notion of mechanical procedure this whole debate assumes.
Chapter 10 supplies the bounded agent that Sutton's engineering doctrine
implicitly assumes and classical epistemology did not. Chapter 11 explains
the bracket Shannon drew around meaning; interpretability is computing's
first serious attempt to look back inside it.
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grounding problem) fiunilteumagsuluauialng uni 09 TiuuaAaTas
nszUNAsIWInalnnvenntismamuallauudlidugiu uni 10 Tisunund
vaULYA (bounded agent) IANAIEDULTIIAINTTUYBY Sutton dNNALILA
Uy udaraineuuuaana@nldineauui uni 11 85U19291auil Shannon
InlisoumuLNY interpretability ABAIIUNEIBINDIIVIATIUTNVOIRINS
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Open questions - A1aundanag

Would any degree of language-model fluency count as evidence against
poverty-of-the-stimulus, or is the argument, properly read, immune to that
kind of evidence by construction? Does a feature that survives translation
and paraphrase amount to reference, or only to a very tight correlation
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mistaken for one? If the bitter lesson is right that hand-built priors lose out
in the long run, what should we make of the domains — so far — where they
have not?

o

mwﬂaawaﬂuLﬂamma‘uﬂﬂlwuﬂmuuuLﬂuwaﬂgmmu poverty of the
stimulus Tév3elal wiedeldudsil dewliign Tnfduiusondnguuvuiiey
Tulassadrsvasiuies feature fisonanmsuanagnaudsudautudy

v a Y a = oA [ v o a 1 £ a 1 &,
n158198elaasenseli wialumnuduiusnuuunlduuinaugnidnlaiaindu
11581983 81 the bitter lesson gnFe31 prior M@z liounluszeze
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Go deeper - 91Ufid

— Noam Chomsky, Rules and Representations, Columbia University Press,
1980.

Noam Chomsky, Rules and Representations, Columbia University Press,
1980.

— Richard Sutton, "The Bitter Lesson," 13 March 2019 — incompleteideas.net/
Incldeas/BitterLesson.html; Anthropic, "Scaling Monosemanticity: Extract-
ing Interpretable Features from Claude 3 Sonnet," May 2024 — transformer-
circuits.pub/2024 /scaling-monosemanticity.

Richard Sutton, "The Bitter Lesson," 13 March 2019 —
incompleteideas.net/Incldeas/BitterLesson.html; Anthropic, "Scaling
Monosemanticity: Extracting Interpretable Features from Claude 3
Sonnet," May 2024 — transformer-circuits.pub/2024/scaling-

monosemanticity.

— Rationalism vs. Empiricism, Stanford Encyclopedia of Philosophy.

Rationalism vs. Empiricism, Stanford Encyclopedia of Philosophy.

132


http://www.incompleteideas.net/IncIdeas/BitterLesson.html
http://www.incompleteideas.net/IncIdeas/BitterLesson.html
https://transformer-circuits.pub/2024/scaling-monosemanticity/
https://transformer-circuits.pub/2024/scaling-monosemanticity/
http://www.incompleteideas.net/IncIdeas/BitterLesson.html
https://transformer-circuits.pub/2024/scaling-monosemanticity/
https://transformer-circuits.pub/2024/scaling-monosemanticity/
https://plato.stanford.edu/entries/rationalism-empiricism/
https://plato.stanford.edu/entries/rationalism-empiricism/

DISTRIBUTED TRUST

CHAPTER 14

Distributed Trust

v
a1 l99lauvunszane

This is Part II's sixth hearing: computation has spent forty years proving, formally,
exactly how much agreement strangers with no shared authority can and cannot
reach — and philosophy's social contract is called to answer for what it left out.

nslaaiun3ei 6 vesna Il Uansell: nmsAnaldnaddulngadegraduguidiinu
wUanuiinlifisnasuiuanasiulaualuu uazanasiulilaualuu — dyan
UszrnAuvasuivggnisenuinauinduasiageslsly

Can computers settle what philosophers only argued — how strangers
cooperate?

Aunlanuisiuilenulasgsls — Aauntnusuglausaniies
mauWmasyRtulansali

On 3 January 2009, a program mined the first block of a currency that no
bank, state, or company controlled. Embedded in that block was a string of
text: "The Times 03/Jan/2009 Chancellor on brink of second bailout for
banks" — the front-page headline of that day's London Times, quoting the
news that the UK government was about to bail out its banking system a
second time (Bitcoin Wiki, "Genesis block"). The line proved the block could
not have been mined earlier, but it did more than timestamp; it dated the
system's birth to the exact week the institutions trust is normally out-
sourced to had just failed in public. The paper behind it, "Bitcoin: A Peer-to-
Peer Electronic Cash System," had been posted to a cryptography mailing
list on 31 October 2008 under the name Satoshi Nakamoto — a name
nobody has ever conclusively attached to a person. A system built explicitly
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so that strangers need not trust one another was written by someone none

of us can authenticate by any of the ordinary means. That irony is this

chapter's opening exhibit.
Sudi 3 unsnAy 2009 T,UsLmswﬁwﬂuﬁaﬂusnmmaqaL'Euﬁ1aiﬁ5uﬂﬂwi 33
wouisvlanuau luudeniuiidoninuileag): "The Times 03/Jan/2009
Chancellor on brink of second bailout for banks" — Wmﬁ'mﬁmﬁwm The
Times nysaaunauiuti S1enrinfsutaansenandnsmdsedussuy
sunsvasiaealiundadians (Bitcoin Wiki, "Genesis block") Uiiﬁﬂﬁuﬁqaﬂ
’hU?ﬁ@ﬂﬁ‘gﬂﬁﬂUMﬁ’]ﬁuiﬁvlﬁ uAsiuiunAdUsERUNEaI funeTuinued
syuul3mseduandifiaantudasdinanalinds Baunfiedunmaise
wihanssauzwed wWiasiteamds "Bitcoin: A Peer-to-Peer Electronic Cash
System" Qﬂiwaﬁaqmaﬁaaaﬁﬁm cryptography uii 31 nanAx 2008 Tuie
Satoshi Nakamoto — @eiilaifllasiaegniudyanaldetietiun seuuiiaing
Fuieliauudanmiilidedtlady Weulasaudiliflaslunanisduduinu
§deIsUnA&NIS Anudeundeiufendngrutuusnituniiindngnis
NAITUN

The social contract has an executable version, and it begins from the same
premise the original did. Thomas Hobbes argued in Leviathan (1651) that
without an authority capable of enforcing it, agreement among equals is
unstable — the state of nature is "a war of all against all," and peace requires
transferring judgment to a sovereign strong enough to compel it. Distrib-
uted computing's answer, worked out three centuries later, keeps the peace
without a sovereign: Leslie Lamport's Paxos ("The Part-Time Parliament,’
ACM Transactions on Computer Systems, May 1998) and Diego Ongaro and
John Ousterhout's Raft ("In Search of an Understandable Consensus Al-
gorithm," USENIX ATC 2014) let any majority of equal replicas bind a de-
cision, tolerating the minority being slow, wrong, or offline. Where Hobbes
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solved coordination by concentrating judgment in one place, these proto-
cols solve it by counting votes among peers — a social contract that needs a
quorum and a clock, never a Leviathan.

dyauszviauiinesduniulaase uazdunsnuainteduudifeanuauatu
Thomas Hobbes Teidslu Leviathan (1651) Médnlidishunandsaulsla 4
AnassEnINRviisniugenliiun an1esssuvIffe "ainsIuvemnAl

dennau” wazduAnmdedleusnadadululigiiesulnsfiudeusanany
Usiuld Armauwes distributed computing 1ndndntiuanuAnasse uazsnuw
duinlilalagliseligiiesUlne: Paxos vas Leslie Lamport ("The Part-
Time Parliament," ACM Transactions on Computer Systems, May 1998) iag
Raft Y84 Diego Ongaro AU John Ousterhout ("In Search of an
Understandable Consensus Algorithm," USENIX ATC 2014) Tvidesdnsunn
284 replica iinifisufugniianisdnaula waznuldidedednationdn fin
wiooewlail Hobbes uitymnisuszanusudienissiusrunasnaulivion
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Testimony gets harder when a witness may be lying rather than merely mis-
taken. Leslie Lamport, Robert Shostak, and Marshall Pease posed that
sharper version in 1982: generals surrounding a city must reach unanimous
agreement — attack or retreat — communicating only by messenger, when
some generals or their messages may be actively treacherous. Their result:
with unsigned, oral messages, no protocol works unless more than two-
thirds of the generals are loyal; among just three participants, a single
traitor already defeats two honest ones (Lamport, Shostak & Pease, "The
Byzantine Generals Problem,” ACM TOPLAS 4, no. 3, July 1982: 382-401).
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Philosophy's testimony debates — how much a report should be discounted,
knowing some sources may be adversarial rather than merely unreliable —
get an exact numerical threshold: one-third.

flvnnsenduituitineuenalnnn lilvuainladia Leslie Lamport, Robert
Shostak was Marshall Pease farrasdufinuniniul3lull 1982: menaidon
dlesegfosmnasiuduiendui — ynvienes — TneFoassuddeansvintu
Tuanunisaliiurenauisauniedeninuuisatiuonanseases adnsves
wWInwde feternuuinailifiasneduiiiu Tilusinnealmildldiae
Guwdurewaunnnitaesluauasdedng lunduaiuau fnssanuisnevuy
é%aﬁ’méﬁmﬂuvlﬁuﬁ’a (Lamport, Shostak & Pease, "The Byzantine Generals
Problem,” ACM TOPLAS 4, no. 3, July 1982: 382-401) Sanniiiuei3asdlinns
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Agreeing on a plan is one thing; agreeing that you have both agreed is an-
other, and it is provably out of reach. In 1975, Akkoyunlu, Ekanadham, and
Huber proved that two parties coordinating over a channel that can silently
drop messages can never become certain, after any finite exchange, that
both sides know the plan is on — any acknowledgment could itself be the
message that is lost. Jim Gray gave the result its familiar military name, the
Two Generals Problem, in 1978. This is the philosophical structure of com-
mon knowledge — I know P, you know P, I know you know P, without end —
which David Lewis had formalized in Convention (1969); Joseph Halpern and
Yoram Moses gave it a distributed-computing treatment, proving that true
common knowledge is unreachable over any channel with even a small
chance of failure, and that only finite, nested approximations are ("Know-
ledge and Common Knowledge in a Distributed Environment," 1984; expan-
ded Journal of the ACM 37, no. 3, 1990). Epistemic logic, usually a philosoph-
er's diagram of nested belief, becomes a protocol with a proven ceiling.

Y a4 =) v 1Y ' Y A A A &
ANASNUISDILNUABITBINTS ANAINUITIdDIR ennaLAIADBNIT0Y LABITDY
naanganlainlulife U 1975 Akkoyunlu, Ekanadham wag Huber Wgilin
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A digital signature lets any stranger verify who a message came from
without a shared secret or a vouching intermediary: trust becomes a math-
ematical relation — only one private key produces what a matching public
key can confirm — rather than a social one requiring a notary, a bank, or a
state. A ledger extends this from verifying one signature to verifying an
entire ordered history, letting mutually suspicious parties agree on a single
sequence of events without deferring to any one of them.
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Money is where every piece of this machinery bears weight at once. Na-

kamoto's protocol makes the ledger itself the output of a Byzantine-fault-
tolerant vote — proof-of-work — among anonymous, mutually distrustful

137



DISTRIBUTED TRUST

participants, solving double-spending without the single trusted ledger-
keeper Hobbes would have assumed was unavoidable. But philosophy ob-
jects here, not merely answers: the whole distributed-trust literature treats
trust as solved once nodes agree on facts — which block is valid, whose sig-
nature is genuine. Older accounts of trust, including Hobbes's own worry
about promises kept only under duress, hold that trust carries normative
content no vote over present facts touches — reputation earned over years,
forgiveness, the willingness to be vulnerable to someone else's future
choice. A blockchain makes forgery costly. It does not make betrayal within
the rules — a fraud run entirely inside a legitimate, signed ledger — visible to
the protocol at all.
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anuiulagzuszusentadenlusuinnvesdndie vaenwuvinlinis
UasuuUaalinuiuas usn1snsea nnelunseung — nslnaniiindunaualy
v A = = [ o w e £ 1
UyUuenUszinnignnguaziianeduiinu — 1Uslnaeauadddiiiuasuiiue

1198

The people, briefly. Hobbes wrote Leviathan out of the English Civil War's
chaos. Lamport received the 2013 ACM Turing Award for this and other
foundational work in distributed computing, and by his own account wrote
"The Part-Time Parliament" as an allegory of a fictional Greek parliament
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because reviewers found the direct version unreadable. Halpern and Moses
built on Lewis's philosophical account of convention to give epistemic logic
a computational home. Nakamoto has never been identified.

WAu laaga Hobbes 1Wau Leviathan Fuanarulnamavesasasunaaiios
Fangw Lamport 1851998 ACM Turing Award U 2013 91neuduiiuazau
ﬁugﬁuﬁluq AU distributed computing LaZAMUATUBNLENVDIUYNDY LWNTYU
"The Part-Time Parliament” UuiinuSsuifisuinmesganininauuf
weegnsnsuvaniteitunsslunssansiulizizes Halpern fu Moses
RovenmosuIisuSuey 11504 convention a4 Lewis iieinssnziBeaynaddl

U"un13 computational Nakamoto liitpagnszysanu

Connections - 1%2uleg

Chapter 03 asked whether a machine's answer counts as knowledge; Byz-
antine fault tolerance is that question with an exact fraction attached.
Chapter 06's responsibility gaps recur here as blame distributed the same
way trust is. Chapter 07's stack-versus-state tension sharpens once money
itself no longer needs a state. Chapter 12's certainty-as-engineering-
product reappears in the one-third threshold and the proven ceiling on
common knowledge.

ci 1 o d'l Y] < ¥ A 1 1

unil 03 auAmeUYBAIestulluAudUs ol muunIuianY
AanarawuuluwsulnifosiaiumgrtundAyaruniug1fnu1ne 489319

v a a ) A dl ) a )
AUSURAYEUYDIUNT 06 ndunTtlugunisinyiinszateiinuulheniu
AMU1A721919 AURITENING stack AU state VBIUNI 07 ANTUNUTINEULDI LY
ABINISY AULLUBUlUgIUENANAATIAINTTUYBIUNT 12 Inanduunlu
wnanisluay uaglunwaunngauuaiveanugsiy

Open questions - A1aundalnag

If perfect common knowledge is provably unreachable over any unreliable
channel, is ordinary human coordination — running on language and ges-
ture, channels no more reliable — merely tolerating the same gap with a
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longer patience for uncertainty? Does a system that formally guarantees
agreement on facts quietly redefine "trust” down to "agreement," discarding
what the word carried for Hobbes? And if no one — not even a quorum — is
identifiable behind a permissionless ledger, whose sovereignty has actually
been replaced?

fanudsianysaingaildinlulifsiudemsiliungedelag s
Uszauauvesyudiill — ifuuunwuazvimng deamnsiildldundede
lundnfu — Alllundnismuegiudesinaferiufsanueanuseaiuli
wiuauisrniwiniuvdeli ssuuiisulssfutennassasteifinaieegadu
sty fdedienu "trust” Inslegnadouy Windeud "agreement” fiadaiienil
wanunlidmsu Hobbes wsolal uazdluidilas — wiius quorum — szysanu
I maanyduenussinmuuulidesweaynyn (permissionless) o3Ulne
vadlasfuuifignunuiily

Go deeper - 91Ufia
— Thomas Hobbes, Leviathan, 1651.

Thomas Hobbes, Leviathan, 1651.

— Leslie Lamport, Robert Shostak & Marshall Pease, "The Byzantine Generals
Problem," ACM Transactions on Programming Languages and Systems 4, no.
3 (July 1982): 382-401; Satoshi Nakamoto, "Bitcoin: A Peer-to-Peer
Electronic Cash System," 31 October 2008 — bitcoin.org/bitcoin.pdf.
Leslie Lamport, Robert Shostak & Marshall Pease, "The Byzantine Generals
Problem," ACM Transactions on Programming Languages and Systems 4,
no. 3 (July 1982): 382-401; Satoshi Nakamoto, "Bitcoin: A Peer-to-Peer
Electronic Cash System," 31 October 2008 — bitcoin.org/bitcoin.pdf.

— Common Knowledge, Stanford Encyclopedia of Philosophy.

Common Knowledge, Stanford Encyclopedia of Philosophy.
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THE COMPUTATIONAL UNIVERSE

CHAPTER 15

The Computational Universe

LNANLTYIATUIN

This is Part II's closing hearing: computation, having examined every other branch of
philosophy, finally asks whether reality itself will take the stand — and here the two
courts run out of ground to stand on separately.

A 1l Yaviemenislaaiuil: nsAualdaiuynaiviveslssyinnauasu Jakuun
A1UIAUTWRIRETULRNSUT o U — warmseilieg avsranuanulREuLenaNAY

Is reality itself on the witness stand?

Y X 4 o« A 1
MNILBANWLDIYUUN L‘UUWEJ']UVWE]VLN

On 2 June 2016, at Recode's Code Conference, Elon Musk told the audience
there was "a one in billions chance we're in base reality," reasoning that
video games had gone from Pong to photorealism in forty years, so a suffi-
ciently advanced civilization would run simulations indistinguishable from
the world we take for granted. The claim traces to Nick Bostrom's 2003 pa-
per "Are You Living in a Computer Simulation?" — but Bostrom's actual ar-
gument is not that claim. It is a trilemma: at least one of the following is
true — almost all civilizations go extinct before they can run high-fidelity
ancestor simulations; those that survive are almost universally uninterested
in running them; or we are almost certainly in one (Bostrom, Philosophical
Quarterly 53, no. 211, 2003: 243-255). Bostrom assigns no precise probability
to the third branch and warns explicitly against overconfidence in any of
the three. A careful philosophical argument, built to be cross-examined by
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philosophy, was cross-examined instead by a technology conference, and
lost precision in the exchange. That collapse — trilemma into slogan — is
itself worth entering as evidence before the argument proper begins.

Sudi 2 ﬁqmsu 2016 #1971 Code Conference w84 Recode Elon Musk Uaﬂéﬁs‘i
it Temanilsluiuduiiistegluauaegu’ (a one in billions chance
we're in base reality) lHANAYDAVIADIALBLNULAUIIN Pong TURIN WAL
sedunmangldneludaud ensesssuiitaviimedsunissiassiinenlsl
sennlaniisaeludennild dunvesdendidrsiifowivesd 2003
U89 Nick Bostrom Lgla\‘l "Are You Living in a Computer Simulation?" — Lm'?’i'\‘lﬁ
Bostrom 1ieul3lsilddenadisniu wndeu trilemma: sgrateeniisluau
Foreluilliuate — erwsssufouiuagyWugieussiunissians
UsTnysuiiaziBonanaivld ensusssuiisenuunuvisnusliauloosuiu
oI unuazutuouieglunissiansdunilsegudn (Bostrom, Philosophical
Quarterly 53, no. 211, 2003: 243-255) Bostrom laiszyaraninaziduiusiug
Titotianu uazifiounsey luiliiulanulufudelaluaude deldududa
Usanitseuneu adanlifunydndiu ndugneuussgudnumalulad
dindmuuny wazaaulugnelulunsuaniUasutiu n1siwsann trilemma
widealaunu Aevdngufimsiiduiudeneu deutelfudeinieasity

Stated as Bostrom wrote it, the argument is a disjunction reached by elim-
ination, hedged at every step: it does not say what we are, only that one of
three things must be. Held to that standard, it is a piece of careful anthropic
reasoning about future computing capacity — not a metaphysics, and not
proof of anything about the world we are actually in.

MUAITNYSA Bostrom Weuld delaudsiilaildveninsnluesls venuadn

) v & a o a .. . av v U oA a
wildluauegneniaalugis diume disjunction Nldunannisdndadanaenii
Azt wazium LNty Wedauinsguuu dufsnislimaraluy anthropic
nsaumauizasdnanInmsannalusuian — lildefusuaya wazlinga
aglsinenfiulaniiisnagasag
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The proposal that physical law is itself computation runs from Konrad
Zuse's Rechnender Raum (1969; translated Calculating Space, MIT, 1970),
which modeled space as a cellular automaton computing its own next state,
through Edward Fredkin's Finite Nature hypothesis — that space, time, and
every physical quantity are ultimately discrete and finite — to Seth Lloyd's
Programming the Universe (2006), which treats every particle collision as a
bit-flip, and to the Wolfram Physics Project, launched 14 April 2020, which
models space as an evolving hypergraph from which physical law emerges.
The skepticism deserves equal floor, not a footnote. Sabine Hossenfelder
has argued that no one has shown how a discrete algorithm reproduces the
continuous symmetries of general relativity, and that searches for a
preferred discretization scale have found nothing (Hossenfelder, "The Simu-
lation Hypothesis Is Pseudoscience,’ Backreaction, February 2021). Scott
Aaronson makes the sharper point: the hypothesis's problem is not that it
has been shown false, but that essentially no observation could count
against it — a defect prior to any question of truth ("Because you asked: the
Simulation Hypothesis has not been falsified; remains unfalsifiable," Shtetl-
Optimized, 3 October 2017).

YarauaitingiandiesfinenisAiuia fanee1 13ufl Rechnender Raum ve9
Konrad Zuse (1969; wlailu Calculating Space, MIT, 1970) #s1anen
\Juwaganseslnumi (cellular automaton) Auadnuzdnluvesiiies se
AIANUAFIU Finite Nature 484 Edward Fredkin — 89017 1381 wagu3una
naiAndnneagnainedigaudalisieiiesuagiisnin — wafe Programming
the Universe (2006) ¥84 Seth Lloyd ﬁuaamwuﬁ’wmagmﬂnﬂﬂ%ﬂL‘flums
wandawiisdn uazie Wolfram Physics Project AVAFITUR 14 Www1ew 2020
FasassormadulaesnsmititaniluiFess udalinglanduntuinain
ffu dheitasdodesldnuwindu lilduAdsessn Sabine Hossenfelder T6dngfalal
flasuandldindanesiulivedonsianmnsdeaiiowemquiduinsam
i luseninldesnsls uaznsdumainanisusnlisoidesiimueanilinu
aglsiay (Hossenfelder, "The Simulation Hypothesis Is Pseudoscience,"
Backreaction, February 2021) Scott Aaronson ‘T}Iﬁgﬂﬁﬂuﬂ'jﬂﬁ’?u: Ugynnwas
auuag’m‘ﬁiﬂ‘lj'ﬁ’lﬁugﬂLLﬁﬂ\‘l’j'lL‘fluLﬁ% wawnuldfinsdaunaladuilunangiu
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Autiuldiay — TaUnNTINNNINAUAIAINITDIT N8N ("Because you
asked: the Simulation Hypothesis has not been falsified; remains
unfalsifiable," Shtetl-Optimized, 3 October 2017)

John Conway's Game of Life, publicized by Martin Gardner in Scientific
American in October 1970, runs on three rules and produces gliders, oscil-
lators, and — decades later — a complete computer built from its own
pieces. Rule 110, one of 256 possible elementary one-dimensional automata,
was conjectured universal by Stephen Wolfram in 1985 and proved so by
Matthew Cook, who worked out the proof while bound by a nondisclosure
agreement with Wolfram Research that delayed its publication roughly a
decade ("Universality in Elementary Cellular Automata," Complex Systems 15,
no. 1, 2004: 1-40). Both cases make the same point without metaphor: full
computational power, and the unpredictability that comes with it, can hide
inside a rule simple enough to state in one sentence.

nganutenaudidmivairsneuiamesiianses Game of Life 89 John
Conway #i Martin Gardner iguwslu Scientific American Lfllmaauﬁ;mﬂu
1970 SudrenguaaInte uazlv glider, oscillator waz — wanedulsioun —
ouamesanysalluuiivszneutuantudiuvesiuies Rule 110 uilily
256 elementary one-dimensional automata dululy Stephen Wolfram
mansail3lul 1985 3uTu universal waz Matthew Cook Wgaiiliass lwidn
wﬁqaﬁ%{uswdwgﬂQné’wé’wymyﬂajL?JﬂLwaiagaﬁ’u Wolfram Research
e’l’muapﬁ%’ua'wmsﬁﬁuwnl’ﬁiﬁmfjmmiw ("Universality in Elementary
Cellular Automata," Complex Systems 15, no. 1, 2004: 1-40) ﬁdﬁadﬂizﬁuaﬂ
Feadsaiulaglideddauin: wdinsAumanfuguuuy wiouanuaimaill
I§ifnude deusglungiiynauldluvsslonifen

Every "random" number a computer produces is the deterministic output of
an algorithm seeded by some prior state; it looks unpredictable only be-
cause the algorithm is opaque to whoever is asking. This restages compat-
ibilism's oldest move as engineering. Hobbes and Hume, the classical
compatibilists, held that freedom never meant uncaused — it meant acting
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from one's own will, unconstrained by external force — so a fully determ-
ined pseudo-random generator and a fully determined human can both ex-
hibit exactly the unpredictability-to-an-observer that ordinary judgments
of freedom actually track. If physical law itself turns out to be the determin-
istic output of a cellular automaton, that does not resolve the question; it
removes the last place to hide from having to answer it.

AaY "du" NAINABNNILMBSHENDBNU ABNAANSIAasHNaRNYDY
ax A L9

danasiuaIAIsuAUINAAIUZADUNINUNEEN Tugaimaililawsie
dana3nuluiudeAunNi&InIN wirduleiiiuwngavesuseiivssuauiion
(compatibilism) uiaulvsiluguiainssu Hobbes wag Hume s
ol of e a I U 1 P 1 1 1 L% 1
compatibilist Aanadn suduinasainlineudadn laidiue — duuwdaionis
nsziiannIusvesies lngligniaRuainussneuen fduiieuingn
o v @ [ o o Y @ = 1
Amualiifusuuuuiuayedngnatnualinugusuy Jauansanuniaail
la-segdunauuuineniudess Aunnisinduiseuainmmuunildiniueg
931 ngiandlesnanalunadnsimesiiiiainves cellular automaton 612
= o Az o 1 v o A A 1% k% Y
#ila Aranuingalaignud NmeluAeninaugavineainnisdesnauliu

Every principle above runs the same shape, and the shape is the turn this
book keeps making: a computational claim meets a question philosophy has
held open for centuries, and neither side gets the last word. Bostrom's tri-
lemma stays open; Hossenfelder's objection stays unanswered; compatibil-
ism stays contested. That is not this method failing to reach a verdict. It is
what an honest cross-examination looks like when the witness is reality
itself, and the trial is still open when the file closes.

NNManN1sTIAuRURINIURE U wazgUtuReaa IvtidaIaulving g
1@Ne: 99na1BMIIRemaunUsTY I UaA1 ] InateAnIssY Laa

1 Y o %4 . U A [ 74 v Y
lugishelunularnagavine trilemma vas Bostrom da.Unag dafnA1uveg
Hossenfelder §alaififnmau compatibilism gagnldudseag nulilyignisi
AumaNaz lUDIAIAAAY LARDNTINANVDINITTNANUNT NI LIDWEIUAD
A1UD39LBIAIUS) wazARdIlitunaunuiugnlnas
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The people, briefly. Bostrom, a Swedish-born philosopher at Oxford, wrote
the 2003 paper after first circulating it in 2001. Zuse, better known for
building one of the first working programmable computers in the 1930s and
1940s, turned to digital physics afterward. Fredkin worked the idea for dec-
ades until his death in 2023. Lloyd is a mechanical-engineering professor at
MIT and an architect of quantum computing. Wolfram, having built Math-
ematica, launched his physics project as an open, crowd-participation ef-
fort in 2020. Hossenfelder is a German theoretical physicist known for pub-
lic skepticism toward untestable claims dressed as physics. Conway devised
Life in 1970; Cook proved Rule 110 universal and then spent years fighting to
publish it.

dau Tnvge Bostrom tnuSsadieasaiinuil Oxford Weuivesd 2003
nisdsatiuiseonafausnlull 2001 Zuse Wuiiddnuinninainnisasig
neuRImesRslUsunsuldiAsasusng Mdnuldesdduneassy 1930 uaz 1940
wEausyneiEndBaRaa (digital physics) finda Fredkin vieiulodei
NanenAlssedsdInlut 2023 Lloyd 1Wumiansiansdniuiaminssy
Lﬂ%adﬂaﬁl MIT LLazLi‘]uwﬁﬂuamUﬁﬂmaq quantum computing Wolfram a59
Mathematica u1nau waalalassmsi@ndveavnlut 2020 Wusulaliau
valuidnsau Hossenfelder WutinflAndnguijvnawesiiu $dnfuainniseate
asdoroansisueiudonandreiingaililfududeiniuiland Conway An
Life #ulul 1970 Cook g0t Rule 110 1¥u universal udaldfiaamaredded
e lildRnN

Connections - 1%aule

Chapter 02's question — are objects in a simulated world real — is this
chapter's necessary predecessor. Chapter 09's Church-Turing thesis sets
the limit on what "computing the universe" could even mean. Chapter 11's
audit of Shannon's bracket, and Wheeler's it-from-bit, is where the specu-
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lation in this chapter meets its own foundations. Chapter 10's question of
what is reachable, not merely true, asks whether any simulator could
compute reality at the resolution reality displays.

gil v ) d' [ g 1 v ) [ a
unildesadadraiuvesuni 02 Wunwuninew — Inglulandiasuduvesass
3ol 99M9 Church-Turing ¥89un# 09 AaLdudn "nsAulenAN” agula
ozlsldv1ansfu N15n19a9UIAUYBe Shannon Tuuni 11 A it from
bit (@@1591nTn) a1 Wheeler Avganinisatanituunilluinesinguves
Y 1 o d' d'l a d' = v 1 1a d' [ a (Y2
A7199 @AUAIA1NYRIUNT 10 1Sesdanludala lalyuadaniduase anuine
F1adlnazAuInAIINSINANAZLBEAINNAUDS AR anUT e a Ly

Open questions - A1aundalnag

If no experiment could ever distinguish a simulated universe from a "base"
one, has the argument stopped being the kind of claim philosophy or phys-
ics can adjudicate at all? Does proving Rule 110 universal make Wolfram's
hypergraph more likely to be physics, or only more likely to be capable of it,
pending some independent reason to believe the update rule? And is com-
patibilism actually answering the free-will question, or quietly redefining
"free" until the harder version of the question can no longer be asked?

aldfinnsneasslatenionandiassesnainienan "g1u" latae Jelaudailds
Uutenanersuiiafiuiveymseidnddinduldeguiali n1swaeiidn Rule 110
\Ju universal il laweasnsves Wolfram fillenaduil@nduntiuasvse

= 1l o J 1% :’; L a [l a &
wsaualilomaddnannazilulauintu Inedisemanadassunegneiiazide
nHN158UAANL LAz compatibilism ABUAININITRANTIUNLET (free will) BY
239 wisauAtisw "free” Tndiieue aumatuestuneinninaulaladn

Go deeper - 91Ufia

— Seth Lloyd, Programming the Universe: A Quantum Computer Scientist Takes
On the Cosmos, Knopf, 2006.

Seth Lloyd, Programming the Universe: A Quantum Computer Scientist
Takes On the Cosmos, Knopf, 2006.

147



THE COMPUTATIONAL UNIVERSE

— Nick Bostrom, "Are You Living in a Computer Simulation?", Philosophical
Quarterly 53, no. 211 (2003): 243-255 — simulation-argument.com/simula-
tion.pdf; Matthew Cook, "Universality in Elementary Cellular Automata,’
Complex Systems 15, no. 1(2004): 1-40.

Nick Bostrom, "Are You Living in a Computer Simulation?", Philosophical
Quarterly 53, no. 211 (2003): 243-255 — simulation-argument.com/
simulation.pdf; Matthew Cook, "Universality in Elementary Cellular

Automata," Complex Systems 15, no. 1 (2004): 1-40.

— Computer Simulations in Science, Stanford Encyclopedia of Philosophy.

Computer Simulations in Science, Stanford Encyclopedia of Philosophy.
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CLOSING

CLOSING

Closing

Uarau

This is the courtroom after both benches have been used — no verdict read out, only
the record handed across and the door left unlocked.

o W a 1

PRINATAUARNHIUNSITENTaNAMsaaid luliadaAususanu Tusduinann
durio uazUszgildlagen

What was the trial for?

a aNam v A
ANsNaNsaRfUl I neazls

Count the collisions this book has entered into evidence. Church and Turing
settled the Entscheidungsproblem six weeks apart in 1936 without either
having seen the other's proof, by methods that had nothing in common un-
til Turing wrote the appendix showing they agreed (ch.09). Stephen Cook
located the boundary of feasible computation in 1971; Leonid Levin, cut off
from Western journals, found the identical theorem two years later (ch.10).
Haskell Curry, William Howard, and N. G. de Bruijn each arrived at the cor-
respondence between proofs and programs from a different direction, none
of them aware of the others (ch.12). George Boole rebuilt Leibniz's calculus
of reasoning without knowing Leibniz had been there, and only learned of
the anticipation after his book was printed (ch.01). Four independent redis-
coveries of the same seam is not four coincidences. It is what a single vein
looks like when people keep striking it from opposite sides of a wall.

ﬁ'umwuﬁuﬁmﬁ'aﬁaLﬁuﬁﬁnﬁni‘]wé’ngm@, Church fiu Turing Un
Entscheidungsproblem wisiunnduailul 1936 Lifilasiiuunigativesdn
the uagdBvesied lifleylssauiuias aunsesia Turing WeuniANuINLAAYIY
d0935T¥nans e (LNl 09) Stephen Cook UniduuUsvBINISAARTIVINLE
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939a3lUluT 1971 Bnaasdfnan Leonid Levin figndauiaainmsansng Yuan
WUNG U UNLALINUAIGDAN (UMl 10) Haskell Curry, William Howard wag N.
G. de Bruijn {Hiuu189AN@0AAADITENINUNNEIUNULUTUNTUINAUAL N
iflas§idnansaurirozlsog (Unfl 12) George Boole a3 uARRARALYS
wianaves Leibniz Tuluallaglsidin Leibniz inglufsnou uagihilauluiadeu
Rroillewiisdevesunfinrioanluuda (unfi 01) AuwutrlaedassAnssuusos
e lildanutandain Sufonthaveusaeiden ieauyadimiiiy
2nAuaziafung

That is the whole claim, and it is why this book was built as a cross-examin-
ation rather than a survey. Philosophy and computing are one project —
what can be known, said, and done by rule — separated by an accident of in-
stitutional history rather than by a difference in subject. Part I put the
machine on the stand and let philosophy ask what a program is, whether a
machine's answer counts as knowledge, how code means, whether a deleg-
ated decision keeps its morality, and who governs when architecture out-
runs law. Part II reversed the benches, and computation's questions were
the more embarrassing ones: your ideal knower is computationally im-
possible (ch.10); your certainty is an engineering product with an error
budget (ch.12); your account of trust is a threshold with a number on it
(ch.14).

Fonamsrmvenduiiiiogwintu uasiufemauaiinilsdognasiadunisdn
amdu laflinnsdren Ussarfumsduandulassnadentu — Adisld
wald uagvildanung — fignuensanannfudegiRmamadse Rmanside
an1ou ldlddeiidevnildneiu aa 1 lenatesinstulins ududesli
Ussananarilusunsudeerls dmauveainiesiuiduanuiuiols 16nd
anumngldedndls msdndulafiueuliasesiunudsdedasssuvaasiuly
agudolal uaglasunaseadioaniinenssuiausenguue ana Il aduiiits uas
Anmanidsnnsduianduinetsni: gilugauaivesuisgndululalags
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Neither court won, and that is not a failure of the method. Every hearing
here ends the way an honest examination ends: with the claim narrower
than it was, and the ground under it visible. Chapter 15 said why the trial
cannot close. This chapter says who runs it next.

Tufimnaluurue waziulilyanudunaivesisnis yanisldaluauiau

D

LUUNNISTNOINDENNTONSIAULALD: VONA1IDILAUAINIINDULSH LLATNUN

¥
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Huduegueuiuld unil 15 venluudriniluntsiansanadddaluld uni
vanilasaniiudusie

The route - LAUNS

Thirty days, one hour a day. Read the book's chapter first, then the source;
the encyclopedia entries are load-bearing, not decoration, and every link
below was checked before this file shipped. Where a chapter gets two days,
spend the second one arguing with the first.

AUAUTY Juasnilatilug auunvesnildenau AsylUNLBaINul s189013
asynsululluuninniings luldvesdssiu wazdnynduniuanagnnsig
naulnaieanly unlnulaaesiu TileTunasadesnuTuwsn

Days Chapter Start with Then

1-2 00 The Map SEP, Philosophy of Computer SEP, Hilbert's Program
Science

3-4 01 Logic SEP, Godel's Incompleteness SEP, Leibniz's Influence on
Theorems 19th Century Logic

5-6 02 Metaphysics SEP, Types and Tokens re-read ch.02's wall

argument against ch.04
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Days Chapter Start with Then
7-8 03 Epistemology SEP, Computer Simulations in ~ Robertson, Sanders,
Science Seymour & Thomas, The
Four Color Theorem
9-10 04 Mind SEP, The Computational Turing, Computing
Theory of Mind - The Chinese =~ Machinery and Intelligence
Room Argument (1950)
1-12 05 Language SEP, Speech Acts SEP, Montague Semantics
13-14 06 Ethics SEP, Ethics of Al and Robotics Kleinberg, Mullainathan &
Raghavan, Inherent Trade-
Offs
15-16 (7 Politics SEP, Political Legitimacy SEP, Privacy and
Information Technology
17 08 Aesthetics SEP, Martin Heidegger Dreyfus, Alchemy and
Artificial Intelligence (1965)
18 the benches reverse  re-read ch.00's three rules of  write down which side you
examination have been quietly siding
with
19-20 09 Computability SEP, The Church-Turing ch.09's open questions,
Thesis answered in your own
words
21-22 10 Complexity SEP, Computational Aaronson, Why
Complexity Theory Philosophers Should Care
(2011)
23-24 11 Information SEP, Information ch.11's audit, re-run against
ch.00's Shannon bracket
25-26 12 Types & Proofs SEP, Intuitionism - Girard, Lafont & Taylor,
Intuitionistic Type Theory Proofs and Types
27-28 13 Learning SEP, Rationalism vs. Sutton, The Bitter Lesson
Machines Empiricism - The Problem of (2019)
Induction
29 14 Distributed

Trust

SEP, Common Knowledge
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https://plato.stanford.edu/entries/simulations-science/
https://plato.stanford.edu/entries/simulations-science/
https://thomas.math.gatech.edu/FC/fourcolor.html
https://thomas.math.gatech.edu/FC/fourcolor.html
https://plato.stanford.edu/entries/computational-mind/
https://plato.stanford.edu/entries/computational-mind/
https://plato.stanford.edu/entries/chinese-room/
https://plato.stanford.edu/entries/chinese-room/
https://doi.org/10.1093/mind/LIX.236.433
https://doi.org/10.1093/mind/LIX.236.433
https://plato.stanford.edu/entries/speech-acts/
https://plato.stanford.edu/entries/montague-semantics/
https://plato.stanford.edu/entries/ethics-ai/
https://arxiv.org/abs/1609.05807
https://arxiv.org/abs/1609.05807
https://plato.stanford.edu/entries/legitimacy/
https://plato.stanford.edu/entries/it-privacy/
https://plato.stanford.edu/entries/it-privacy/
https://plato.stanford.edu/entries/heidegger/
https://www.rand.org/pubs/papers/P3244.html
https://www.rand.org/pubs/papers/P3244.html
https://plato.stanford.edu/entries/church-turing/
https://plato.stanford.edu/entries/church-turing/
https://plato.stanford.edu/entries/computational-complexity/
https://plato.stanford.edu/entries/computational-complexity/
https://arxiv.org/abs/1108.1791
https://arxiv.org/abs/1108.1791
https://plato.stanford.edu/entries/information/
https://plato.stanford.edu/entries/intuitionism/
https://plato.stanford.edu/entries/type-theory-intuitionistic/
https://www.paultaylor.eu/stable/prot.pdf
https://www.paultaylor.eu/stable/prot.pdf
https://plato.stanford.edu/entries/rationalism-empiricism/
https://plato.stanford.edu/entries/rationalism-empiricism/
https://plato.stanford.edu/entries/induction-problem/
https://plato.stanford.edu/entries/induction-problem/
http://www.incompleteideas.net/IncIdeas/BitterLesson.html
https://plato.stanford.edu/entries/common-knowledge/
https://bitcoin.org/bitcoin.pdf

CLOSING

Days Chapter Start with Then
30 15 The Bostrom, Are You Living in a pick the branch of the
Computational Computer Simulation? (2003)  trilemma you reject, and
Universe say why
Su un BuaNn facw
1-2 00 wauil SEP, Philosophy of Computer  SEP, Hilbert's Program
Science
3-4 01 ASsNANERNT SEP, Godel's Incompleteness SEP, Leibniz's Influence on
Theorems 19th Century Logic
5-6 02 aAUSuaY" SEP, Types and Tokens Suteliudusesiunives
unil 02 91 LpuAuuUNd 04
7-8 03 i‘g’lm’imﬂ SEP, Computer Simulationsin ~ Robertson, Sanders,
Science Seymour & Thomas, The
Four Color Theorem
9-10 04 USuey1unIIn SEP, The Computational Turing, Computing
Theory of Mind - The Chinese Machinery and Intelligence
Room Argument (1950)
1-12 05 YSygy1n1vn SEP, Speech Acts SEP, Montague Semantics
13-14 06 93uAERNS SEP, Ethics of Al and Robotics  Kleinberg, Mullainathan &
Raghavan, Inherent Trade-
Offs
15-16 07 USweyanisilles  SEP, Political Legitimacy SEP, Privacy and
Information Technology
17 08 guVsEAEnS SEP, Martin Heidegger Dreyfus, Alchemy and
wazUsingnsel Artificial Intelligence
Inen (1965)
18 fhrlsaduila BIUNYANVIVBINITTNAIY Beutufindiishuanioud
21U 00 %1 dradeluuegegnadeug
19-20 09 arsAwaila Anuiidadnaguosunii

SEP, The Church-Turing Thesis
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https://simulation-argument.com/simulation.pdf
https://simulation-argument.com/simulation.pdf
https://plato.stanford.edu/entries/computer-science/
https://plato.stanford.edu/entries/computer-science/
https://plato.stanford.edu/entries/hilbert-program/
https://plato.stanford.edu/entries/goedel-incompleteness/
https://plato.stanford.edu/entries/goedel-incompleteness/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/leibniz-logic-influence/
https://plato.stanford.edu/entries/types-tokens/
https://plato.stanford.edu/entries/simulations-science/
https://plato.stanford.edu/entries/simulations-science/
https://thomas.math.gatech.edu/FC/fourcolor.html
https://thomas.math.gatech.edu/FC/fourcolor.html
https://plato.stanford.edu/entries/computational-mind/
https://plato.stanford.edu/entries/computational-mind/
https://plato.stanford.edu/entries/chinese-room/
https://plato.stanford.edu/entries/chinese-room/
https://doi.org/10.1093/mind/LIX.236.433
https://doi.org/10.1093/mind/LIX.236.433
https://plato.stanford.edu/entries/speech-acts/
https://plato.stanford.edu/entries/montague-semantics/
https://plato.stanford.edu/entries/ethics-ai/
https://arxiv.org/abs/1609.05807
https://arxiv.org/abs/1609.05807
https://plato.stanford.edu/entries/legitimacy/
https://plato.stanford.edu/entries/it-privacy/
https://plato.stanford.edu/entries/it-privacy/
https://plato.stanford.edu/entries/heidegger/
https://www.rand.org/pubs/papers/P3244.html
https://www.rand.org/pubs/papers/P3244.html
https://plato.stanford.edu/entries/church-turing/
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CLOSING

Buan

aacaw

21-22

23-24

25-26

27-28

29

30

10 Anudutau

11 @sauLnd

o«

12 yilafuunigau

13 1A30958u3

14 aulianala
WUUNSERNY

15 LONAWLTS
AU

SEP, Computational
Complexity Theory

SEP, Information

SEP, Intuitionism -
Intuitionistic Type Theory

SEP, Rationalism vs.
Empiricism - The Problem of
Induction

SEP, Common Knowledge

Bostrom, Are You Living in a
Computer Simulation? (2003)

Aaronson, Why
Philosophers Should Care
(2011)

AIASINABUVDIUNT 11 U
FuAgUAUINAUVDY
Shannon a1aun# 00

Girard, Lafont & Taylor,
Proofs and Types

Sutton, The Bitter Lesson
(2019)

Nakamoto, Bitcoin (2008)

LHBNLYUINTIIYBY trilemma
MUguas waruaninvinlu

Two habits matter more than the schedule. Read one primary source per
chapter rather than three summaries of it — the summaries agree with each
other and the primary does not, and the disagreement is where the thinking
is. And keep the last column: the exercises are the examination, and a route
with no cross-examination in it is a reading list, not a training.

=
d
"

yd

i
Tagusioun unuunasUautuediu — unaguiiunseiues dauumas

2998 NNFIAYNIINTIIAT Vousn 8r1uunaIuguil (primary source)

Uguniiliiiudie uazanuldassestufennanudaintu dodes agiis
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https://plato.stanford.edu/entries/computational-complexity/
https://plato.stanford.edu/entries/computational-complexity/
https://arxiv.org/abs/1108.1791
https://arxiv.org/abs/1108.1791
https://plato.stanford.edu/entries/information/
https://plato.stanford.edu/entries/intuitionism/
https://plato.stanford.edu/entries/type-theory-intuitionistic/
https://www.paultaylor.eu/stable/prot.pdf
https://www.paultaylor.eu/stable/prot.pdf
https://plato.stanford.edu/entries/rationalism-empiricism/
https://plato.stanford.edu/entries/rationalism-empiricism/
https://plato.stanford.edu/entries/induction-problem/
https://plato.stanford.edu/entries/induction-problem/
http://www.incompleteideas.net/IncIdeas/BitterLesson.html
https://plato.stanford.edu/entries/common-knowledge/
https://bitcoin.org/bitcoin.pdf
https://simulation-argument.com/simulation.pdf
https://simulation-argument.com/simulation.pdf

CLOSING

The license - Tuméiy'm

Nothing in this book required a degree in either discipline to produce, and
the record says so. Boole was a schoolmaster in Lincoln when he algebra-
ized logic. Shannon was a twenty-one-year-old master's student when he
showed that Boole's algebra was also a wiring diagram. Turing wrote the
founding paper of computing for a mathematics journal and the founding
question of machine minds for a philosophy journal, fourteen years apart,
without changing fields — because there was no field to change. The de-
partment that separated them was founded in 1962, twenty-six years after
the paper that made it possible. An institutional boundary that young has
no authority over a reader.

Tigleglslunisdeauiindeddusyarvesalaarvmiisdsasnanla uaz
U =2 Y & 13 \al . o 4
UuiinARguduuwuuniu Boole 1uasluei#l Lincoln mawvinlvinssnznany
\uiaadin Shannon 91gBdutdanazdusauUSynyln neuluLanadn
NyANAYad Boole 1UuLNUAN9AsINAN AR Turing WeuUilesnesnanns
ATUIUAINTANSAAAAIANS LAZITIUAIAINADAILTDIINYDILATBIINTAY
Nnsansusveyn venudvat Teeldladreaien — insrgdlifianvnlvdne aa

a

Ay 1enNNId@nIaanaNAURWUTUY 1962 Saunndndadilasnvinliiuiie

1 o =

Yuld wsnwawdsaniunssuisvunauuliisiunauilegsu

That is the license, and it is narrower and better than permission to have
opinions. It is permission to ask a question in the other discipline's vocabu-
lary and to insist on an answer there: to ask an engineer what their system
means and not accept a benchmark score, to ask a philosopher what their
ideal agent would cost to run and not accept that the question is vulgar.
Each field's habits protect it from exactly one kind of question, and it is
always the other field's question.

wuAsluayyn wazsiuuauniwazininlusygynliiinnuiu dusygnli
ANUAINIUAILANANNVDIDNAIVT WAITUNTIULDIAINDUATINUTIALA: AU
3AINTINTLTUVVDIVIMU8ANI92 ]S uaaliSuaziuy benchmark [Wudn
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CLOSING

nau autinusvadunulugauaivesusundduuiinls udalisude
wAFIAIauveIUATe ddevesusazarviundasiuandausiiame) uay
\Jurawvesdnarvaue

The rules were set out in chapter 00 and they are the only equipment
needed. The examiner sets the terms. Both voices appear, or it is a lecture.
Every claim carries its evidence — a date, a work, a source that can be
opened — because the fastest way to lose a cross-examination is to assert
what the record will not support.

¥ 14 dl [ (Q’J = dl ¥ Y Vo o
nggnabiudaluund 00 uazilugunsalduieandesly genaiuiivue
Reouly Medeadusnesusing ldegramundunisussens nndenagrauun
VANFIUVOIRNDT — JUN NAUNITY wrasiuUagle — tWs1En1aundg
& o [ 1% A A o oa Ao o= av (%
iSangalun1stnauduAstiududaituninaflisessu

The record is now yours. The witnesses are still under oath, the questions
in every chapter's Open questions were left open on purpose, and the chair
at the front of the room has been empty since chapter 15. Sit down and be-

gin.

V= a &) ¥ [ ¥ o o o Aow A 1
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