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@ Incoherents / Aiphonse Allais
2) CryptoMyths / Dogons / Monte-Verita / Eranos / Discordianism

— 3 Cybernetics / Solvay / Macy / Wiener / McCulloch

SANDOODVLSAW

4 ) Non-Ordinary Computation / Léo Szilard / Rala & Fleet / Programmable Matter

— (5 ) Exaptation (morphogenesis, architecture, embryology) Symbiosis

6 ) NeoCybernetics / Bateson / Thom Catastrophy Theory

SYALSAONL

@ Com pleXIty / Scale TheO ry / F0|d|ng (geometry/topology reconciliation, neurulation) —

a. Alchemy, Archemy, Spagyria
b. Supra-natural Shamanism, dance, metaphor, psychopomp, gymnosophy

c. Tensegrity
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Farceurs vs mystificateurs
Tricksters vs Mystagogues

l l
Playing Initiation O

Chaos Path
INNN D71y Trajectory

Complexity / Self-Ref Linearity / Teleology

O In/Multi-Determinism AutOi’natiOIl Determinism

Nature Artificial Rite
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MIMESIS

Spatio-Temporality of Nature -> Supra-Natural (Roberte Hamayon)
Spatio-Temporality of Rite -> Symbolic Forms (Emst cassirer)
Spatio-Temporality of Automata -> Atrtificial, Virtual (Herbert Simon)

# by-scales (effets d’échelle)
# by-products (effets de bord)
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Deux et deux
- font cinq
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PARIS =
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#* " PAUL OLLENDORFF, EDITEUR
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MARCHE FUNEBRE

Composie rODE LES

FUNERAILLES D'UN GRAND HOMME SOURD

Lozko rigolasdo
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PREMIERE CONNUNION DE JEUNES FILLES CHLOROTIQUES
PAR UN TENPS DE NEKGE
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Ces gens de lettres et de scene ne savent pour la plupart ni dessiner ni
peindre, mais ils manient avec adresse I'art des cartels qu'ils truffent de
calembours et d'homophonies. llIs excellent également dans
I'exposition d’objets quotidiens ou banals transfigurés, telle la

succulente « Terre cuite (pomme de) » d’Alphonse Allais en 1883
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Monte Verita, Ascona

Anarchist physician Raphael Friedeberg moved to Ascona in 1904, attracting many other
anarchists to the area.Artists and other famous people attracted to this hill included Hermann
Hesse Carl Jung, Erich Maria Remarque, Hugo Ball, Else Lasker-Schuler,Stefan George, Isadora
Duncan, Carl Eugen Keel, Paul Klee, Carlo Mense, Arnold Ehret, Rudolf Steiner, Mary Wigman,
Max Picard,Ernst Toller, Henry van de Velde, Fanny zu Reventlow, Rudolf von Laban, Frieda and
Else von Richthofen, Otto Gross, Erich Muhsam,Karl Wilhelm Diefenbach,Walter Segal, Max
Weber, Gustav Stresemann and Gustav Nagel....

From 1913 to 1918, Rudolf Laban operated a "School for Art" on Monte Verita, and in
|917Theodor Reuss, Master of the Ordo Templi Orientis organized a conference there
covering many themes, including societies without nationalism, women's rights, mystic
freemasonry, and dance as art, ritual and religion

http://en.wikipedia.org/wiki/Monte Verit%C3%A0
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Eranos, Ascona
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Max Bill, Architect

Mary Wagman, Dancer



CCO0 1.0 Universal (CC0 1.0)
ic Domain Dedication

Meaning of Eranos

The word 'Eranos’, in Greek language, applies to a banquet, both spiritual and material, which lasts thanks to the
contributions each participant makes. The Hungarian mythologist Karl Kerenyi took the original meaning of the
word, which appears for the first time in Greek literature in Homer's Odyssey, in terms of a 'spiritual nucleus': this
was to be developed by participants in an atmosphere of freedom and spontaneity, with songs, poems, improvised
verses, or with a symbolical offering to the group.

From 1933 onwards, a modern Eranos took place again and lasted for more than seventy years at Ascona-Moscia,
on the Swiss side of Lago Maggiore. It was there that Olga Frobe Kapteyn's idea to create a 'free space for the
spirit’, a 'meeting place between East and West' took shape, and where the relation between the individual, the spirit
and the peculiar images of the soul were to be unceasingly re-imagined.



CCO0 1.0 Universal (CC0 1.0
Public Domain Dedication

SPIRI]
AND NATURE

P.lpcl:\ from the Eranos Yearbooks

1HE
MYSTERIES

Papers from the Eranos Yearbooks

EDITED BY JOSEPH CAMPBELL EDITED BY 10SEPH CAMPBELL

Bollingen Series XXX - 2/Princeton
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Viridis Candela

LE CORRESPONDANCIER
DU
COLLEGE DE "PATAPHYSIQUE

8° série \'n 2/} 1 gidouille 140 E.P.




ON GROWTH
AND FORM

The Complete Revised Edition

DArcy Wentworth Thompson
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eranos

an alternative
mtellectual histor

Hans Thomas Hakl

2| Translated by Christopher Mcintosh
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Eranos Foundation

ERANOS = FOUNDATION

Home

Who we are

Where we are

Stay at Eranos

Events at Eranos

Ovur Partners
Publications

Press, Docs & Archives
Links

Program 2015
PDF Report 2014
PDF next event

Menu in italiano

Last update:
April 02nd, 2015

Visitors since 2010:
89 368

s

e

elcamte ta Sranas...

Fetzer Institute ; BS

Postal contacts: P.O. Box 779, CH-6612, Ascona, Switzerland; Tel +41 79 194 30 90
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- Who we are / contacts
- The Foundation Council

- Purposes and Mission

- Brief history
- Partners and Sponsors

- 1951 movie-trailer
- Full page menu

s 4 21 &
PO EBORGOUASCONA ‘tl ‘ ' ’ Repubblica e Cantone

Ticino

Electronic contacts: - info@eranosfoundation.org; - President; - WebMaster

Program 2015; - Chronoprogram 2015; - Eranos report 2014; - Previous years archives

Eranos-Jung Lectures 2015

-EJL15 01, 13.02.15, F. Petrella (Pavia)
-EJL15 02, 13.03.15, A. Prete (Siena)

- EJL15 03, 17.04.15, B. Cassin (Paris)

- EJL15_04, 29.05.15, M. De Carolis (Salerno)
- Full EJL list 2015

Eranos Tagung 2015

- Tagung 2015, 09-11 September, Casa Eranos
- Symposium 2015: 12 September. Monte Verita
- Archives: 2014; 2013; 2012; 2011; 2010
Eranos School 2015

- ES15 01, 30.01.15, Mt. Verita, AAVV
- ES15 02, 07.02.15, Eranos, G. Marchiand

- ES15_03, 28.02.15, Mt. Verita, AAVV

- ES15_04, 09.05.15, Eranos, G. P Quaglino
- ES15 05, 18-19.06. Mt. Verita, AAVV

- ES15 06, 20.06.15, Eranos, AAVV

- ES15 07, 10-11.10, Eranos, AAVV

- ES15_08, dd.10.15, cancelled

Eranos distinguished guest seminars

- The feelings of absence...

- Nostalgia: tema con varniazioni
- Fantasmagonie dell'assenza...

qta 1704, h 18:30 ... B. Cassin ... Ulysse et Ia nostalgie ...<-

- | sentimenti delll'inadeguatezza ...

- The Roots of Evil ...

- Tagung 2015: The Roots of Evil...
- Simposium Tagung 2015

- Titles 20156

- Mito, donna e diritto in Johann Jakob Bachofen...

- Il farmaco della meraviglia: come stupirsi da adulti....
- L'ombra della filosofia nei "Quaderni nern” di M.

Heidegger...

- Coltivare il giardino interiore

- Filosofia della cultura per la crisi: seminario dottorale
- Un mondo in comune. La risposta convivialista ...

- Il teatro degli archetipi nello psicodramma junghiano
- If genius loci (cancelled)

- Titles 2015

http://en.wikipedia.org/wiki/Rudolf Ritsema

http://www.eranosfoundation.org/
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Robert Anton Wilson
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The Nova Convention . December 1 & 2

, Robert
William S. Burroughs Brion Gysin Anton

Timothy Leary Les Levine Wilson
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‘Human society as a
rwhole is a vast
brainwashing machine
[ whose semantic rules
jand sex roles create a
$OClal ropot

Robert Anton Wilson

I -
jmeetville.com
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ORDO AB CHAO



LORD OMAR

Aka Kerry Wendell Thomley
(1938-1998). Came from o
mormon familly, he publis-

hed

\ o

-

research of a stable state of

\
)

them was devoted 1o zenar-

game, around 1958, he had a revelation and crea-

underground newspa:
on its own. One of

mind During a bowling

73348
i

Every discor-

:

i

R

THELEMA

Spentual philosoplyy esta
bhshed by writer and o

cultist Aleister Crowley at
the beginning of the twen
teth century. Based on the
motto “Do what thou wilt]
nspired by the Frangoss Ra
belsiss book Gargantua
Crowley claims that he
100k A tation from an entl
ty durning a wedding trip n
Egypt. The comixnation ol
ocoult, eastem and westem
mysticsm will be an inspi
ration, with much more hu
mor 10 discordianism

ELATE

great debt.

D

CHURCH OF
THE SUBGENIUS

Parodic church created in 1979,
Texas. Coming from undergound
crches, it develops its cult espe
cally on intemet, with for instan
Ce Shackware, one of the oldest Li
nux-based openating  system
which pay tribute to the church
Its foliowers devote themself to
“Boby” Dobbs, considered to be
the best saleanan of all time, who
talked to god through his home
made TV.set, The church has such
famous members as comics wri
ters Robert Crumb and Wasren El
lis or bands like Devo and Gwas.

CHURCH

and Da Vind Code by Dan Brown owe him a

RELIGIONS

PASTAFARIANISM

Mock relgion created n 2005
by Bobby Henderson, plysics
graduate, In order to protest
aganst the teaching of mtedli
gent design as an altemative to
Svolunion Kansas pubi
school sciences dasses. In an
open letter, he modemises the
Russels teapot anslogy and
profess his belief in 3 creator
which looks ke to a monster
made of spaghetti and meat-
batls. Arxd <0 he asks pastaiana
ram o be allotted equal time in
science classrooms alongside
inselgent design and evolution

THE CURSE OF GREYFACE

In 1166 BC, Greyface comances men
that life is 3 senous thing. Order s
SEeN A positive and disorder as ne
gative. Play is o sin because it goes
Against order, senous, which had 1o
be prefered at all costs. Discordia
nism fights against this idea of ne
gative-positive and peefers the des
truction-creation one. And $o0 it chooses creation at all
COsts

bDetween

HOT-DOG

After throwing the golden
apple, Eris joyously partook
of a2 hot dog. Since, every Dis
corgan has to do so every fn
day, like Christians wath fish
without eating it with & hot
dog bun. But he can eat it o
he wants 10 as well

ERIS

Greek goddess of strife and decord and man &
gure of the rehigion. Enraged Decause she haunt
been invited 10 Pedeus and Thetin wedding, she
tossed in the party a golden apple nscribed Ky

st (For the most beautifd one). Thes apple will
be offerad by Pans to Apheodkse, in exchange for
the love of Helen of Troy, and will peovoke the
first great confiict between men :the Trogan War

DISCORDIANISM :
A GRAPHIC ARTICLE
A religion disguised as a joke, or a joke disgui

ligious movement borned in the United States

establishment spirit mingle and create
a blur between reality and dream.
Everything is true. Everything
is false.Or not.

Texts and drawings : Gwen
Website : www.centrifugue.fr

FNORD
Nonsensical term taken from the Principia
Discordia and used by Robert Anton Wil-
son i the lluminati! tnfogy. The word is
scattered i the text of newspapers, books
and magazines by the Buminati in order 10
cause fear and anxiety and peevent rational
consideration. To see the Fnords is to be able
to read between the lines, Be John Nada with his sunglasses in the
John Carpenter’s movie They Live !

THE SACRED CHAO

pentagon acts for apparent order
The apple for apparent disorder
They are both artificial divisions,
created by man in order to describe
the univers, which is pure chaos

as a religion :this is the spirit of discordianism,a

ing the late 50'.With absurd and humour, Discor-
dians preach the virtues of chaos and creation to
fight the sterile order. Mythology, conspiracy
theories, eastern philosophy, prank and anti-
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PRINCIPIA DISCORDIA
The Dascor
dian Bible. co
wrnitten by
Lord Omar
and  Mala-
clypse the
Younger. fet
ween 1963
and 1965, more than 3000 copses wil
be publshed and the book became a
CUlt Obpact in the undergound Cultuee
The text has been modified sevesal 1
M4, sccording 10 the authors wishes,
20 republished on paper of digital for
mat. On internet, the whole book s
eadly available on consultation

Discordian
symbol, ins
pired by the
Yin
Yang. It illus
trastes the in
terrelation

tadest

order and disorder. The

THE LAW OF FIVE

“All things hap

pen in fives, or
are dovsible by
or are muitiples
of five, or are so
mehow directly
or indirectly ap
propnate to fi
ve! according to the Principia Discor-
dia. A weird joke on the surface which
shows, more seriously, that our per
ception of reality is conditioned by the
grid we used to see the workd (Al s
linked 10 five®), The 23 enigma, belief
in the fact that all is refated 10 the
number 23, is the absurd corollary of
the law of five

CONSPIRACY

THE MERRY PRANKSTERS

Formed around au

thor Xen Kesey (One

Flew Over the Cuc

koo's Nest), the group
ndged across the Uni
ted States in 1964 on
2 school bus. Using

WEBSITES

- www.discordian.com psychedelic drugs and
Display of the religion pranks, they were one of the Déggest mspaa
dur - principladiscordia.com tion of hippie movement. The Electnc Kool

The single text onkne Aid Ackd Test by Tom Wolfe tells tales of this

adventure

THEYES MEN

Culture Jamming activist
Jacques
Servin and Igor Vamos

OPERATION MINDFUCK

Essential
Discordhans. Developed
by Kerry Thornley and
Robert Anton Wilson

in 1968, s mandested

practice for

Guo created by

Impersonating Workd Tra

de Organisation partii

by a decentralized cam pants, they hold forth on

the possibility to sell

pagn of <wvil disobe
dience, acthvism, perfor one’s vote, advocating of

mance art, practical jokes, chaos magic and slavery or recycling human waste in order 10
trolling. The aim of Operation Mandfuck 1S to

force the victm to question his own vision of

feed the poor. Two films documenting their
work are available : The Yes Men (2003) and The
Yes Men Fux the World

reality

PINEAL GLAND
Part of the bean allowing Discordian
10 communscate with Ens. René Des-
cartes called it the “prncipal seat of the
soul” and belfieved that it was the point
of connection between the intellect
and the body. In yoga, it's assocated 1o
Aina chakra, of third eye. According 1o
some soentific researches, this gland is able 1o produce Dime-
thyeitriptamine (DMT), a strong psychedelic compound.

MU

The correct answer 10 a question based on fal-
se asumptions. For example, to the question
“Did you stop beating your wife? answering
“yes” means that you were doing it and “no”
that you continue 10 do it The Correct answer
15 therefore “Mu® This term, which means
‘nathing; “non-exstent”, in 2en philosophy, is
used In a Principla Discordia’s parabol, pun based on the similanty
with "to moo’
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LUTHER BLISSETT

La triste
muerte de
Luther Blissett

Un proyecto de Angela Sinchez de Vera para Otro Espacio,

Greta Alfaro, el bandolero Lacabra, Alfonso Barranco, Juanli Carrién,
Inaki Domingo, Jeny Espin, Joel Gomez, Saiil Hernindez,
Jorge Lépez, Jaume Marco, Juan José Martin,
Benjamin Martinez, Regina de Miguel, Angel Pastor,
Marta Pina, Esther Rivas, Fernando Santa Pau,
Ana Soler, Anna Talens, Sergio Zavattieri.
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output at each
( Erase the middle ] stage of process

| —_— .
) ————

Y
Bring each of the resulting
lines back in and do it again .

e eee—

Take a line

/

S ——— - —————— e —————

ettt OeereTr—— Wbt — R

—  ——— S — — _—— —

- . L L L L) I Lo b R L
FIGURE I.1

The Cantor set
In 1877 Georg Cantor came up with the idea of repeatedly subdividing a line to illustrate
the concepr of an infinite set. This looping technique is called recursion. By specifying that the
recursion continues forever, Cantor was able to define an infinite set.

http://homepages.rpi.edu/~eglash/eglash.htm
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Source: Re-drawn by the late Professor Winfired Oppelt, from the originals
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Ratio Club

o William Ross Ashby, Horace Barlow, John Bates, George Dawson, Thomas Gold, W. E. Hick, Victor Little,Donald MacKay, Turner McLardy, P. A. Merton, John Pringle, Harold
Shipton, Donald Sholl, Eliot Slater, Albert Uttley, W. Grey Walterand John Hugh Westcott. Alan Turing joined after the first meeting with I.J. Good, Philip Woodward and

William Rushton added soon after. Giles Brindley was also a member for a short period.
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acy Conferences..

Rafael Lorente de N6; Neurophysiologist

Margaret Mead; cultural anthropologist

Kurt Lewin; psychologist, often regarded as the founder of social psychology

Warren S. McCulloch; psychiatrist, neurophysiologist and cybernetician

Paul Lazarsfeld; sociologist and founder of Columbia University’s Bureau for Applied Social Research

Arturo Rosenblueth; researcher, physician, physiologist and a pioneer of cybernetics

Gregory Bateson; anthropologist, social scientist, linguist, visual anthropologist, semiotician and cyberneticist
Ralph W. Gerard; neurophysiologist and behavioral scientist known for his work on the nervous system, nerve metabolism, psychopharmacology, and biological basis of schizop
John von Neumann; one of the foremost mathematicians of the 20th century

Heinz von Foerster; biophysicist, scientist combining physics and philosophy and architect of cybernetics
Lawrence K. Frank; social scientist

Norbert Wiener; mathematician and founder of cybernetics

Heinrich Kltver; psychologist

Molly Harrower; pioneering clinical psychologist
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Attirée par la lumiére et sachant
contourner l'obstacle, la tortue
de P.-A. Amouriq est le mieux
agencé des robots cybernétiques.

o

P.-A. AMOURIQ REPLACE LES ROUES AVANT DE LA TORTUE, QUI SONT SIMPLEMENT PORTEUSES

UN LYCEEN A CONSTRUIT
UN ANIMAL ARTIFICIEL

N animal artificiel de plus, et fabriqué par
un jeune homme de dix-sept ans?...
Simple « bricolage » d'amateur imité des

précédents, sera-t-on tenté de penser.

Mais d'abord quand Paul-Alain Amouriq, alors
éléve de « mathelem » a Louis-le-Grand (il preé-
pare aujourd'hui sa licence és sciences) le cons-
truisit, c'était il y a deux ans, et nul n’avait encore
donné de descendance aux fameuses « tortues »
de Grey Walter.

Ensuite cet engin autonome et automatique n'a
rien d'une improvisation. Bien au contraire. il
est calculé; c'est le mieux construit, le mieux
agencé des diverses « tortues », le seul qui ne

soit pas réalisé avec de simples piéces de « mec-
cano ». Il faut préciser que le lycéen bénéficia du
concours d'une grande firme d'appareils de
mesures électriques dont son peére est directeur.
Tout entiére usinée en duralumin, sa machine
n'est pas une simple copie améliorée des « es-
péces » antérieures d'animaux artificiels. Elle
présente plusieurs dispositifs originaux.

Une inspiration puisée
dans « Science et Vie »

C'est en lisant 1'article consacré par Science et
Vie aux tortues électroniques de GCrey Walter
que P.-A. Amouriq, comprenant tout l'intérét de

263
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THE FOUR PIONEERS OF CYBERNETICS GET TOGETHER IN PARIS:
left to richt: W. Ross Ashby, W. McCulloch, Grey Walter and Norbert Wiener,
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Norbert Wiener
Warren MacCulloch
Ross Ashby

Gordon Pask
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Progress of Cybernetics

Volume 1

The Meaning of Cybernetics
Neuro- and Biocybernetics

Edited by

J.ROSE

Blackburn College of Technology and Design
Han, Secretary Invernavional Cybernetics Congress Commiitee

Proceedings of the First International Congrezs of Cybernetics
London, 1969

ety

GORDON AND BREACH SCIENCE PUBLISHERS
London New York Paris
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Biological Computer Lab

e McCulloch
e Ashby

o Von FOerSter NOTICE s i e

Dr. Mausenberger,

our mew AP-OSR comtract monitor (replacing good old

Rosenbloom) will inspect the activities of XL on
Tuosday, December 14 and Wedneaday, Decemder 15, 1971,
We have to be prepared to produce an imgressive clircus.
There will be also the *4 Flora Court Enausenberger
restivities.” I shall release the schedule for these

L A daynin; B0 (papgse.  In the meantine, please keep
these days open and think sharp for generating a

Great Show.

n.V.F.
11/730/71)
pla
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Symbiosis

Cybernetics or Control and Communication \\ C:/
in the Animal and the Machine ﬂ 3 {

HE fig tree 1s pollinated only by the inscet Blasto-

BiOlOgy phaga grossornum. The larva of the inseet lives in

the ovary of the fig tree. and there it gets its
food. The tree and the inseet are thus heavily inter-

PhySICS dependent : the tree cannot reproduce without the inseet ;

the Insect eannot cat without the tree; together, they

Meta phySiCS consitute not only a viable hut a productive and thriving
partnership. This cooperative “living together in inti-
. mate association, or even close union, of two dissimilar
Meta bIO|Ogy organisms" 1s called symbiosis.?
Man-Machine Symbiosis

JCR Licklider
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Non-Conventional

Prepared for Encyclopedia of Electrical sad Electronics Engineering (John WERSTER od. ), Wiley & Sons, WJune 1, 19958

Non-Conventional Computers

Tommaso Toffoli {tt@bu.edu)
ECE Depastment, Boston University, 8 Saint Marys St,, Boston, MA 02215

Today, a “computer”, without further qualifications, de
notes & rather well-specified xind of object; we'll consider a
computer “non-conventional” if its physical substrate or its
organization significantly depart from this de facto norm.
Thus. the thousands of literate Greeks that ended up in
Rome as secretaries and sccountants after the “liberation™
of Greece in the second century B.C. would be viewed w-
day a8 non-conventions! computers, even though at that
time one certainly couldn't imagine s more ordinary kind
of personal computer.

Furthermore, we'll be more concerned with features that
ultimately have to be answerable to physics (the mecha-
nisms by which the logic elements operate, the geometry
of interconnection, the overall flow of energy and informa-
tion) than with architectural variants of a “firrmnware”™ na.
ture (reduced instruction set, speculative execution of pro-

% b
IFeR e fuea wsciiaas el e

with appropriate timing can inhibit or “lock out” another
signal. Indeed. using just prairie fire and passive walls one
can construct on a majestic scale a fairly close approxima-
tion of & network of peurons and axons, or even a digital
computer.

Propagating fire fromt patterns, at different scales
[from & computer simulstion)

Figure 1:
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Non conventional ?

asynchronous vs synchronous (Handshake circuits)
timeless vs central clock based (Self-Timed Circuits)

nhon-conventional substrates:  _ g55 chemistry

- biology

- microfluidics, bubble logic
- paper

- photonic computation

- sonic computer ?

- X-energy computation ...



Figura 2. Microfluidic ring oscillator depicting cascading
and feedback. Top inset depicts the schematic with three mi-
crofluidic AND gates connected in a ring configuration. Righ
column depicts a time series of steady state operation of the
oscilator at ~ 10 Hz. Scale bar ~ 200 um.
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Towards (real) MetaProgrammable Matter

DARPA Information Physics
MT Tomaso Toffoli, Norman Margolus

NASA Modular Robotics
T Xerox Parc, NASA

DARPA CBA Center of Bit & Atoms
"' | Gershenfeld, Dalrymple & Al

DARPA ARC Asynchronous Research Center

Berkeley,:

uersy - [van Sutherland, Adam Megacz

of Virginid
(former ly:
MIT)

NSF FONC Foundation of New Computation
v i Alan Kay & Al

viT | RA Radical Atoms
mT i Hiroshi Ishii & Al

Media Lab |

Immobots

RALA, MilliBio |
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MIT/ICS/TM-151 REVERSIBLE COMPUTING*

Tommaso Toffoli

MIT Laboratory for Computer Science
545 Technology Sq., Cambridge, MA 02139

PENESIELE COMURING Abstract. The theory of reversible computing is based on invertible

primitives and composition rules that preserve invertibility. With these con-
straints, one can still satisfactorily deal with both functional and structural
aspects of computing processes; at the same time, one attains a closer cor-
respondence between the behavior of abstract computing systems and the
microscopic physical laws (which are presumed to be strictly reversible) that
underly any concrete implementation of such systems.

Tomaso Toffoli Here, we integrate into a comprehensive picture a variety of concepts
and results. According to a physical interpretation, the central result of this
paper is that it is ideally possible to build sequential circuits with sero internal
power dissipation. Even when these circuits are interfaced with conventional
ones, power dissipation at the interface would be at most proportional to

the number of input/output lines, rather than to the number of logic gates
as in conventional computers.

Keywords. Reversible computing, computation universality,
February 1980 automata, computing networks, physical computing.

http://publications.csail.mit.edu/lcs/pubs/pdf/MIT-LCS-TM-15 | .pdf
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Physica 10D (1984) 81-95
North-Holland, Amsterdam

PHYSICS-LIKE MODELS OF COMPUTATION*

Norman MARGOLUS
MIT Lahoratory for Computer Science, Cambridge Massachusetts 02139, USA

Reversible Cellular Automata are computer-models that embody discrete analogues of the classical-physics notions of space,
time, locality, and microscopic reversibility. They are offered as a step towards models of computation that are closer to

fundamental physics.
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Diffusion and sound waves in a reversible lattice gas (10MB): the four direction TM lattice gas is started with a 50%

density of particles, except for an empty region (black) in the center. Half of the particles are colored blue and half

yellow, so that both diffusion and waves are visible at the same time. The lattice is 512x512.
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Information Mechanics

exploring a new band of the computational spectrum

Welcome to the Information Mechanics Group home page.

The MIT Information Mechanics Group

IM was a research group at the MIT Laboratory of Computer Science (LCS) from 1977 to 1994. Some of the activity of this group has moved to the Computer Science and Artificial Intelligence Laboratory,
where Norm Margolus is a Research Affiliate. Several former members are still active in the field of Physics of Computation and in related Cellular Automata research, and some CA hardware and software
development continues.

@ :';‘} V :r .';
Former Group Members AMS8 Collaborators

Physics of Computation

This group was focused on the Physics of Computation, and on Physics-like Cellular Automata models. We felt that information and computation are fundamental concepts in Nature, and that informational
modeling is of more than just practical interest.

ellular Automata woee| TM Final Progress Report
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Looking at Nature as a Computer
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Norman Margolus!+

Received May 13, 2002

Although not always identified as such, information has been a fundamental quantity in
Physics since the advent of Statistical Mechanics, which recognized “counting states™
as the fundamental operation needed to analyze thermodynamic systems. Quantum
Mechanics (QM) was invented to fix the infinities that arose classically in trying to count
the states of Black Body radiation. In QM, both amount and rate of change of information
in a finite physical system are finite. As Quantum Statistical Mechanics developed,
classical finite-state models naturally played a fundamental role, since only the finite-
state character of the microscopic substratum normally enters into the macroscopic
counting. Given more than a century of finite-state underpinnings, one might have
expected that by now all of physics would be based on informational and computational
concepts. That this isn’t so may simply reflect the stubborn legacy of the continuum,
and the recency and macroscopic character of computer science. In this paper, I discuss
the origins of informational concepts in physics, and reexamine computationally some
fundamental dynamical quantities.

KEY WORDS: information; entropy; energy; action; cellular automaton; quantum
mechanics.

@
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Mechanical Systems that are both Classical and Quantum

Norman Margolus®

Abstract

Quantum dynamics can be regarded as a generaliza-
tion of classical finite-state dynamics. This is a fa-
miliar viewpoint for workers in quantum computa-
tion, which encompasses classical computation as a
special case. Here this viewpoint is extended to me-
chanics, where classical dynamics has traditionally
been viewed as a macroscopic approzimation of quan-
tum behavior, not as a special case.

When a classical dynamics is recast as a special
case of quantum dynamics, the quantum description
can be interpreted classically. For example, some-
times extra information is added to the classical state
in order to construct the quantum description. This
extra information is then eliminated by representing
it in a superposition as if it were unknown informa-
tion about a classical statistical ensemble. This usage
of superposition leads to the appearance of Fermions

in the quantum description of classical lattice-gas dy-
namics and turns continuous-space descriptions of

finite-state systems into illustrations of classical sam-

digital movie looks like it is changing continuously in
time, but in fact it is actually a discrete sequence of
digital images.

Something similar is true of nature. Although
the world looks to our senses as if it has an infinite
amount of resolution in both space and time, in fact
a finite-sized physical system with a finite energy has
only a finite amount of distinguishable detail and this
detail changes at only a finite rate [27].

1.1 A bit of history

The finite character of the states of physical systems
came as a great surprise when it became apparent
at the start of the twentieth century. The revolution
was started by Max Planck in 1900 when he found
that he had to introduce a new constant into physics
in order to understand the thermodynamics of elec-
tromagnetic radiation in a cavity. The new constant
fixed the statistical mechanical analysis, but it did so
by making the count of distinct possible states finite.

D]Ohl\b’ﬁ Nnanotant }'\OE a norf;nn]or]u o;mn]a ;nfor_
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Immobile Robots

Al in the New Millennium'

Brian C. Williams and P. Pandurang Nayak

B A new generation of sensor-rich, massively dis-
tributed, autonomous systems are being devel-
oped that have the potential for profound social,
environmental, and economic change. These sys-
tems include networked building energy systems,
autonomous space probes, chemical plant con-
trol systems, satellite constellations for remote
ecosystem monitoring, power grids, biospherelike
life-support systems, and reconfigurable traffic
systems, to highlight but a few. To achieve high
performance, these immobile robots (or im-
mobots) will need to develop sophisticated regu-
latory and immune systems that accurately and
robustly control their complex internal func-
tions. Thus, immobots will exploit a vast nervous
system of sensors to model themselves and their
environment on a grand scale. They will use
these models to dramatically reconfigure them-
selves to survive decades of autonomous opera-
tion. Achieving these large-scale modeling and
configuration tasks will require a tight coupling
between the higher-level coordination function
provided by symbolic reasoning and the lower-
level autonomic processes of adaptive estimation
and control. To be economically viable, they will
need to be programmable purely through high-
level compositional models. Self-modeling and

http://groups.csail.mit.edu/mers/papers/1229-1226-1-PB.pdf

ward Al’s central goal of developing agent ar-
chitectures and a theory of machine intelli-
gence (Etzioni and Segal 1992). As Etzioni and
Segal argue, software environments, such as a
UNIX shell and the World Wide Web, provide
softbots with a set of ready-made sensors (for
example, 1S and Gor:eR) and end effectors (for
example, 1P and TELNET) that are easy to
maintain but still provide a test bed for ex-
ploring issues of mobility and real-time con-
straints. At the same time, the recent Internet
gold rush and the ensuing web literacy has
provided an enormous textual corpus that
screams for intelligent information-gathering
aides (Levy, Rajaraman, and Ordille 1996;
Knoblock and Levy 1995).

However, two concerns have been raised
about using software agents as a research test
bed and application domain: First, softbots
often operate in an environment lacking the
rich constraints that stem from noisy, analog
sensors and complex nonlinear effectors that
are so fundamental to physical environments.
Can such a software environment adequately

dArive receaarrh Aan acent karnele? Sarnnd  civ.

Articles


http://groups.csail.mit.edu/mers/papers/1229-1226-1-PB.pdf
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From: AAAI-96 Proceedings. Copyright © 1996, AAAI (www.aaai.org). Al rights reserved.

A Model-based Approach to Reactive Self-Configuring Systems*

Brian C. Williams and P. Pandurang Nayak
Recom Technologies, NASA Ames Hesearch Center, MS 269-2
Moffctt Ficld, CA 943056 USA
E-mail: williams,nayak@ptolemy.arc.nasa.gov

Abstract

This paper describes Livingstone, an implemented
kernel for a model-based reactive self-configuring au-
tonomous system. It presents a formal characteriza-
tion of Livingstone’s representation formalism, and re-
ports on our experience with the implementation in
a variety of domains. Livingstone provides a reac-
tive system that performs significant deduction in the
sense/response loop by drawing on our past experi-
ence al building last propusitional conflici-based al-
gorithms for model-based diagnosis, and by framing
a model-based configuration manager as a proposi-
tional feedback controller that generates focused, opti-
mal responses  Livingstone’s representation formalism
achieves broad coverage of hybrid hardware/software
systems by coupling the transition system models un-
derlying concurrent reactive languages with the qual-
itative representations developed in model-based rea-
soning. Livingstone automates a wide variety of tasks
using a single model and a single corc algorithm, thus
making significant progress towards achieving a cen-
tral goal of model-based reasoning. Livingstone, to-
gether with the IISTS planning and scheduling engine
and the RAPS executive, has been selected as part of
the core autonomy architecture for NASA's first New
Millennium spacecraft.

quickly, using component-based models wherever pos-
sible to automatically generate flight software. Finally,
the space of failure scenarios and assaciated responses
will be far too large to use software that requires pre-
launch enumeration of all contingencies. Instead, the
spacecraft will have to reactively think through the
consequences of its reconfiguration options.

We made substantial progress on cach of these fronts
through a system called Livingstone, an implemented
kernel for a model-based reactive self-configuring au-
tonomous system. 'I'his paper presents a formalization
of the reactive, modecl-based configuration manager un-
derlying Livingstone. Several contributions are key.
First, the approach unifies the dichotomy within Al
between deduction and reactivity (Agre & Chapman
1987, Brooks 1991). We achieve a reactive system that
perfarms significant dednetion in the sense/response
loop by drawing on our past experience at building
fast propositional conflict-based algorithms for model-
based diagnosis, and by framing a model-based conlig-
uration manager as a propositional feedhack controller
that generates [ocused, optimal responses. Second, our
modeling formalism represents a radical shift from first
order logic, traditionally used to characterize model-


https://www.aaai.org/Papers/AAAI/1996/AAAI96-144.pdf
https://www.aaai.org/Papers/AAAI/1996/AAAI96-144.pdf
https://www.aaai.org/Papers/AAAI/1996/AAAI96-144.pdf
https://www.aaai.org/Papers/AAAI/1996/AAAI96-144.pdf
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L eo Szilard

http://cba.mit.edu/docs/papers/96.isj.ent.pdf

e i
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- . atoms of gas, POWER
-~ S oy ** «% | recording an
Sy 3{ . ' ¢ | information to
- La's 2] calculate when it
h'x must close the trap.

. . thus permitting
s %o temperature-

e e *|,+ *, J¢| dependent
\4 t generation of energy 'l' INFORMATION INFORMATION
IN ouTt
— HEAT —

"4

GROUND

Szilard’s formulation introduced the notion of a
bit of information, which provided the foundation for
Shannon’s theory of information’ and, hence, modern
coding theory. Through the study of the thermody-
namics of computation, information theory is now
returning to its roots in heat engines.



http://cba.mit.edu/docs/papers/96.isj.ent.pdf
http://cba.mit.edu/docs/papers/96.isj.ent.pdf
http://www.normalesup.org/~adanchin/science/maxwell.html
http://www.normalesup.org/~adanchin/science/maxwell.html
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Reliable Computation

in the Presence of Noise

Fourth Lecture

THE ROLE OF HIGH AND OF S. Winograd and §. D. Cowan
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Figure 08. RALA program - Matrix-Matrix Multiplication with Logic Gates as distributed computing
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(Jonathan Bachrach + Victor Zykov, Saul Griffith, Erik Demaine, Kenny Cheung, ...)
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ARC Asynchronous Research Center
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ADVOCATE FOR ASYNCHRONY: Ivan E. Sutherland,
one of the authors of this article, has been
called “the father of computer graphics.” Now
the leader of a research group at Sun
Microsystems Laboratories, he holds a silicon
wafer containing UltraSPARC Hlli processor chips,
which use some asynchronous circuits.
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http://www.cs.virginia.edu/~robins/ComputingWithout Clocks.pdf



http://www.cs.virginia.edu/~robins/Computing_Without_Clocks.pdf
http://www.cs.virginia.edu/~robins/Computing_Without_Clocks.pdf
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Generalized Arrows

Adam Megacz Joseph

Doctor of Philosophy in Computer Science

University of California, Berkeley

Professor John Wawrzynek, Chair

Multi-level languages and arrows both facilitate metaprogramming, the act of writing a
program which generates a program. The arr function required of all arrows turns arbitrary
metalanguage expressions into object language expressions; because of this, arrows may be
used for metaprogramming only when the object language is a superset of the metalanguage.

This thesis introduces generalized arrows, which are less restrictive than arrows in that
they impose no containment relationship between the object language and metalanguage:
this allows generalized arrows to be used for heterogeneous metaprogramming. This thesis
also establishes a correspondence between two-level programs and one-level programs which
take a generalized arrow instance as a distinguished parameter. A translation across this
correspondence is possible, and is called a flattening transformation.

http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-130.pdf

http://megacz.com/

https://github.com/procedural/fleet



https://github.com/procedural/fleet
https://github.com/procedural/fleet
http://megacz.com/
http://megacz.com/
http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-130.pdf
http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-130.pdf

CCO0 1.0 Universal (CC0 1.0)
Public Domain Dedication

Marina test chip

* Includes earlier 6/4 GasP counter design, 90nm
>6 bits wide
>Fully interfaced to Dock




public Domain Dedication
The Power of Asynchrony

» Different bits need not be sized the same!
>No clock constraint to meet, so:
>Size the least significant bits very large (fast, lots of area)

>Size the more significant bits exponentially smaller
— Down to min-size
— Big area savings in large (>=64bit) counters
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Programmable Matter Design

ZeroN s an anti-gravity interaction element that can be levitated and moved
VOLUME XIX.1 | JANUARY + FEBRUARY 2012 {reely by a computer in 3-D space, seemingly unconstrained by gravity. A ZeroN
in movement can represent a sun that casts the digital shadow of physical
objects or a planet orbiting based on a computer simulation. The user can place
or move the ZeroN in the mid-air 3-D space Just as they can place and interact

with objects on surfaces. Removing gravity from tangible interaction, the ZeroN
project explores how altering the fundamental rule of the physical world will
transform Interaction between humans and materials in the future.

EXPERIENCES | PEOPLE | TECHNOLOGY

Radical Atoms: Beyond Tangible Bits,
Toward Transformable Materials

Cover Story by Hiroshi Ishii, Ddvid Lakatos,
Leonardo Bonanni, and Jean-Baptiste Labrune
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Rethinking Gibson

Gibson’s Affordances

James G. Greeno

Gibson developed an interactionist view of perception and action that focused on information that is
available in the environment. He thereby rejected the still-prevalent framing assumption of factoring
external-physical and internal-mental processes. The interactionist alternative, which focuses on
processes of agent-situation interactions, is taken in ecological psychology as well as in recent re-
search on conversational communication, research on complex, socially organized activity, and
philosophical situation theory. The concepts of qffordance and ability are key ideas in an interac-
tionist account. In situation theory, abilities in activity depend on attunements to constrainis, and
affordances for an agent can be understood as conditions in the environment for constraints to which
the agent is attuned. This broad view of affordances includes affordances that are recognized as well
as affordances that are perceived directly.

.
ﬁ‘.;

L b

http://ecologylab.cse.tamu.edu/courses/physicallnterfaces/hostedMaterials/gibsonAffordances.pdf

e Affordances AND Abilities
e From perceived Affordances of what «we» as human can do towards
perceived Affordances + perceived Abilities (term present in Gibson)

of what «it» (matter), «they» (objects) can do to us


http://ecologylab.cse.tamu.edu/courses/physicalInterfaces/hostedMaterials/gibsonAffordances.pdf
http://ecologylab.cse.tamu.edu/courses/physicalInterfaces/hostedMaterials/gibsonAffordances.pdf
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Affordances StatoDynamic Abilities

Transparent <--—-> Opaque

Reflective <---> Absorptive

Electrically Conductive <---> Electrically Insulative
Thermally Conductive <---> Thermally Insulative
Magnetic <---> Nonmagnetic

-lexible <---> Rigid

_uminous <---> Nonluminous
Elastic <---> NonElastic

Viscous <---> Fluid



CCO 1.0 Universal (CC0 1.0)
Public Domain Dedication @

Affordances to Abilities

¢ Shape-shifting

¢ (olor-changing

e Rapid solidification
¢ Rapid sublimation
¢ Antigravitationnal
o (apillarity

¢ Tribocharging

e Jamming
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Programmable Matter Artefacts

y ) "'," -’,, Nk ‘
Q £ '/‘9’ i

e 3 ~ R \ L
> it < -
- < e ~ i - . B . B ——
P, - 1 s I . R ; ) ._-:....‘- e - ,'&"




CCO0 1.0 Universal (CC0 1.0)
Public Domain Dedication




CCO0 1.0 Universal (CC0 1.0
Public Domain Dedication



CCO0 1.0 Universal (CC0 1.0
Public Domain Dedication



CCO 1.0 Universal (CCO 1.0) o
Public Domain Dedication \ ¥




CCO0 1.0 Universal (CC0 1.0)
Public Domain Dedication

Programmable Matter Vision

~ @M THE CENTER FOR [&
- HOE 375 AND ATOMS 4

. . . . Massachusetts Institute of Technology |
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CBA - MIT 2014
matt.carney@cba.mit.edu
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FIG. 1D
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FIG. 9B
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Exaptation
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FeedForward
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Gould & Vrba

e Exaptation: A character, previously shaped by
natural selection for a particular function (an
adaptation), is coopted for a new use—
cooptation. (2) A character whose origin
cannot be ascribed to the direct action of
natural selection (a nonaptation), is coopted
for a current use—cooptation.

Gould and Vrba (1982, Table 1)
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Exaptation

¢ Flying is an exaptation

e A secondary adaptation from thermic requlation
evolution
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Spandrels

e | ewontin and Gould (1979)

e The Spandrels of San Marco and the
Panglossian Paradigm:

A Critique of the Adaptationist Programme

http://rspb.royalsocietypublishing.org/content/205/1161/581

o Gould (1997)

e The exaptive excellence of

spandrels as a

term and prototype

http://www.pnas.org/content/94/20/10750.abstract?sid=c80b8cc0-4a00-4bb6-

ae92-3e9897ef5das



http://rspb.royalsocietypublishing.org/content/205/1161/581
http://rspb.royalsocietypublishing.org/content/205/1161/581
http://www.pnas.org/content/94/20/10750.abstract?sid=c80b8cc0-4a00-4bb6-ae92-3e9897ef5da5
http://www.pnas.org/content/94/20/10750.abstract?sid=c80b8cc0-4a00-4bb6-ae92-3e9897ef5da5
http://www.pnas.org/content/94/20/10750.abstract?sid=c80b8cc0-4a00-4bb6-ae92-3e9897ef5da5
http://www.pnas.org/content/94/20/10750.abstract?sid=c80b8cc0-4a00-4bb6-ae92-3e9897ef5da5
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Spandrels

¢ By-Product of Functional
evolution, or design iteration
¢ Morphogenetic By-Products

B LT BT ) B PR RIS b | e; B YT

S8 B &% N & U

Dorsoventral Pattern Formation in Graphosoma Lineatum
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Technological Exaptation

http://web.media.mit.edu/~labrune/talks/ExaptationMIT.pdf

« Functions
 By-Products
« Ambiguity and Paradox of Openess

« Designing vs Non-design



http://web.media.mit.edu/~labrune/talks/ExaptationMIT.pdf
http://web.media.mit.edu/~labrune/talks/ExaptationMIT.pdf
http://www.arborsmith.com
http://www.arborsmith.com
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Cybernetics ...

“the science and art of understanding”...

“interfaces hard compeatence with the hard protlems of the soft - Heinz von Foerster
scences”

AMERICAN SOCIETY FOR CYBERNETICS
| NEWSLETTER | JOINASC | yemiper

- Humberto Maturana

\AJ

Donate You can use the button on the left to donate to the American

e | = R Society for Cybernetics.

It is with great sorrow that we have to report to members the death of ASC
President Ranulph Glanville.

Ranulph Glanville died on December 20th 2014.

Here is an obituary on the website of the Institute for the Study of
Coherence and Emergence, written by Michael Lissack.

ASC's new YouTube video channel is accessible at:

http:/www.youtube.com/ascybernetics

ABOUT THE ASC

Administration Constitution Affiliations

Information on the

(Stmcmsr: ons History Events Membership

etc.

Nominations Officers Awards

FOUNDATIONS

Defining Cybemetics Cybernetics'
‘Cybernetics’ Timeline Prehistory
Our Focal Subject: Cybernetics' Macy Conference History
on the shoulders of
CyWnoﬂ , Coalescence Summary Resources
o giants RICRT b 8
Notable Cybernetics' SC

Cyberneticians Lexicon Glossary

@
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Bateson

Von Glaserfeld

Von Foerster

Jay Wright Forrester
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2nd-Order Cybernetics
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Second order Cybernetics (also known as the Cybernetics of Cybernetics , and the New
Cybernetics ) was developed between 1968 and 1975 in recognition of the power and
consequences of cybernetic examinations of circularity. It is Cybernetics , when Cybernetics
1s subjected to the critique and the understandings of Cybernetics . It is the Cybernetics in
which the role of the observer is appreciated and acknowledged rather than disguised, as had
become traditional in western science: and is thus the Cybernetics that considers observing,

rather than observed systems.

http://www.facstaff.bucknell.edu/jvt002/BrainMind/Readings/SecondOrderCybernetics.pdf
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There is a precise marker indicating the beginning of this revolution: the first symposium of
the newly formed American Society for Cybernetics (ASC), held during the American
Association for the Advancement of Science meeting in 1968. In certain respects, this
symposium reflects the Macy Conferences: organized by Heinz von Foerster, it was chaired
by Warren McCulloch, and the keynote paper, “The Cybernetics of Cybernetics” , was given
by Margaret Mead. It seems the title and topic of the paper were given to Mead by von
Foerster, and reflected his preoccupations more than Meads.

The paper, displaying a remarkably ecological tone, concerns “ Cybernetics as a way of
looking at things and as a language for expressing what one sees”, and, in its conclusion,
asks “Why cant we look at this society [the ASC] systematically as a system with certain
requirements, certain possibilities of growth, certain constraints to some of which this
society is to be responsive?”

http://www.facstaff.bucknell.edu/jvt002/BrainMind/Readings/SecondOrderCybernetics.pdf
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Studies of science

[
Etudes sur la science

Cr p
D

Vincent Bontems et Yves Gingras

De la science normale a la science marginale.
Analyse d’une bifurcation de trajectoire

scientifique: le cas de la Théorie de la
Relativité d’Echelle

L |

Résumé. Dans le champ scientifique, les agents pewvent choisir de collaborer a la
science ‘normale’, se placer @ Uavant-garde la plus ligitime (les “supercordes’, la
‘matiére noive’, etc.), ou encore développer lewrs vecherches dans un nouveau cadre
théorique, avec tous les risques que cela comporte. La marginalité d'une théorie
souléve la question de la stratégie de coux qui y collaborent méme au détriment de
lewr ‘intérét’ G court terme, qui oriente plutit vers la compétition immédiate pour
occuper les positions centrales dans les domaines déja constitués. La théorie de la
relativitd d'échelle (TRE) préente Uintérét d'une telle situation car elle ouvre une
possibilité qu'il faut créer de toutes pidces. S'y investi engage davantage que le choix
d'un projet ‘risqué’ (par sa difficulté méme) dans le cadre d'un parvadigme existant
car, d'une part, la TRE innove par rapport aux bases conceptuelles déa acceptées par
tous et, d'autre pars, se trouve aussi marginalisée par vapport a l'avant-garde la plus
lgitime (comme celle des “supercordes’). Ainsi, le cas de la TRE permet d'éudier une
région du champ scientifique peu explorée par une sociologie des sciences qui fixe
surtout son vegard sur les cas extrémes: bistoive de théories devenues reconnues ox
controverses spectaculairves.La TRE occupe encore, en 20006, une position marginale
dans le champ de la physique. Son statut difféve toutefois vadicalement des ‘théories’
produites a U'extéricur du champ, sans corvespondre pour autant a celui de la science
stabilisée et sanctionnée: comme nous allons le montrer par une analyse bibliométrigue
détaillée, sa diffusion an sein du champ scientifique est relativement modeste mais
réelle, et ses vécultats, quand ils regoivent la sanction d'une publication scientifique,
sont ravement pris en compte par les chercheurs qui n'y collaborent pas déja. Cette
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C. Auffray, L. Nottale | Progress in Biophysics and Molecular Biology 97 (2008) 79-114

SCALES OF LIFE
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‘ig. 2. Scales in nature. The range of biological scales (left), embedded in the range of physical scales (right).
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Multiple formalisms used to model biological systems
at their different levels of organization

Molecular: e.g. ordinary and partial differential equations
Cellular: e.g. logical networks, cellular automata
Organ: e.g. finite element lattices
Often based on incompatible principles

Extended mathematical framework needed to enable
multiscale integration across all levels simultaneously
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Formalise the principle of biological relativity

Downward causation
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According to the principle of relativity, natural laws are valid
in any system of coordinates, whatever its state.

The state of any system can be defined only relatively
to another system.

Only scale ratios have a physical meaning,
there is no absolute scale.

Resolution is an inherent (relative) property of space-time
geometry.

According to the principle of scale relativity, the fundamental laws
of nature apply whatever the state of scale
of the coordinate system.
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Space-time is continuous and generally non-differentiable,
therefore fractal (explicitly scale-dependent and divergent).

Therefore, there is an infinity of paths, identified with the geodesics
(shortest in proper time), which are themselves fractal.

In this framework, the fundamental equations of dynamics can be
integrated in the form of a generalized Schrodinger equation.

It becomes possible to derive linear and non-linear scale laws to
describe the self-organization of biological structures and
gquantum-type behaviours.



CCO0 1.0 Universal (CC0 1.0
Public Domain Dedication

Predictions of scale relativity in astrophysics
More than 50 validated through subsequent observations

Derivation of the axioms of quantum mechanics
General relativity and quantum mechanics in common
(geometric) framework

Models for self-organization of biological systems
Tree of life described by log-periodic scale laws

Morphogenesis and growth described by a macroscopic
Schrodinger-type equation



CCO0 1.0 Universal (CC0 1.0)
Public Domain Dedication

variation of the length variation of the fractal dimension
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Fig. 3. Scale dependence of the length and of the effective fractal dimension Dg (or, equivalently, of the effective scale exponent or “scale
time” © = D — 1), in the case of “inertial” scale laws (which are solutions of the simplest, first order scale differential equation): toward
the small scale one gets a scale-invariant law with constant fractal dimension, while the explicit scale dependence is lost at scales larger than

some transition scale, beyond which one recovers Dy = Dt = | (see text).
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Figure 8. Schematic illustration of a model of hierarchical organization based on a

Schrédinger equation acting in scale space. The fundamental mode corresponds to only
one level of hierarchy, while the first and second excited modes describe respectively two,
then three embedded hierarchical structures.
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HOW TO DO THINGS
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Second Edition
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Bruner’s theory

Bruner developed a model for the way children
turn experiences into knowledge

The 3 stages of the model is;

1. Enactive mode —children represent and understand
using physical actions. They act out experiences to
learn & remember

2. lIconic— children will use one thing to represent
something else or create their own images

3. Symbolic — children are able to represent and
understand the world round them using words &
ideas. They don't need to act out or use objects when

expressing experience
Baker, B. Et Al, 2102:321
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T’ien La.

“Taking from K’an to
Supplement Li.”

Wu Ch’i “The Five Forces Assem-
Ch’ao Yuan bled at the Source.”

Lien Ching Hua “Transmuting the Essence
Ch’i; Lien Ch’i so as to Transform It into
Hua Shen. the Vital Force; Transmuting

the Vital Force so as to
Transform It into the Spirit.”

“Doorway of the Mysterious Female”
Hsuan P’in Chih Men
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Ist Trichotomy 2nd Trichotomy 3rd Trichotomy
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LEGISIGN SYMBOL /ARGUMENT

¥

Triadic relation
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Figure 1. The 10 classes of signs as a system of cross-relational classes.
The paths correspond to the possible compounds of relations (figure based
on ‘Table 1’ Merrell 1996: 8).
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ZOOM: 100.0%

«@® 000:30.025 ° | | SRR 58

cube(100, center = true);
for (rot - [ [0, O, @], [1, @, @], [0, 1, @] I {
rotate(90, rot)
for (p = [[+1, +1, 0], [-1, +1, %], [-1, -1, 18e], [+1, -1,

12791 {

translate([ p[01*5@, p[1]*SQ, @ 1) !
rotate(p[2], [0, @, 1]) I

edgeprofile();
}
}
for (i =L i
[0,0, [[e 01117,
[ %, o, [ [-20, -20], [+20, +20] ] 1, Module cache size: 0 modules

[ 180, o, [ [-20, -25], [-2e, @], [-20, +25], [+20, -25], [+20, @] Compiling design (CSG Tree generation)...

, [+20, +25] 7 1, Compiling design (CSG Products generation)...
[ 270, o, [ [e, @], [-25, -25], [+25, -25], [-25, +25], [+25, +25] PolySets in cache: 11

PolySet cache size in bytes: 142648

CGAL Polyhedrons in cache: 8

CGAL cache size in bytes: 3929808

11,

Lo, 9%, [[-25, -25], [0, @], [+25, +25] ] 1,
Lo, -9, [ [-25, -25], [+25, -25], [-25, +25], [+25, 425] ] ]

€ — — — —

[}

2 5 i Compiling design (CSG Products normalization)...
rotate(i[0], [0, @, 1]) rotate(i[1], [1, 0, @]) translate([?, -50, Normalized CSG tree has 34 elements
for G = 121D CSG generation finished.
translate([j[@], @, j[111) sphere(10); Total rendering time: 0 hours, 0 minutes, 7 seconds
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Pretend Play in Animals

Lions pretend to be hurt by the bites of their young to encourage them.
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Ballon sous
pression

Forme
sphérique

l > L e
p = p’ (pression atmosphérique) p=p°
Géométrie d'équilibre Géométrie
a autocontrainte nulle autocontrainte
Barres + Cébles |
T = =
T=0 T=0 T>0

Figure 4 : Analogie entre la mise en pression d'un ballon et la mise en autocontrainte
d'un systéeme de tenségrité.
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Figure 3.18 : Ligaments croisés du genou [50]. Figure 3.19 : “X. Piece", K. Snelson
(1949) [97].
L’analogie entre la sculpture et I’architecture du genou est frappante, les cables matérialisant les
ligaments, toujours en tension. L’ceuvre du plasticien illustre & merveille le concept ostéopathique de

tension réciproque (sur un mode statique). Le réle du principe de tenségrité en physiologie articulaire
mérite ainsi d’&tre précisé.
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Arthur Quarmby

Folding plastic structures with collaboration of students of
Bradford Regional College of Art.

Prototypes. 1970.
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Kenneth Snelson B
1. Needle Tower, 1968 ,
aluminum & stainless steel, 18.2 x 6 x 6m

Collection: Hirshhorn Museum & Sculpture Garden, Washington, D.C. 3

2. Wing Il, 1992

aluminum & stainless steel, 86.4 x 142.2 x 127cm

3. Needle Tower I, 1969
aluminum & stainless steel
Kroller-Miiller Museum, Netherlands
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Ove Arup & Partners
Kurilpa Bridge

Passerelle piétonne et cyclable
Inaugurée le 4 octobre 2009
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