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Strange Bedfellows

It is hard to think of a more unlikely collaboration than one between physicists and economists, but
this is exactly what is going on at a former convent in Santa Fe, New Mexico

best science and economics
schools in the country—
places such as Princeton,
Caltech, Swnford, and
Chicago.

As might be expected,
the economists and scien-
tists have found char chings
get rather interesting when
two such different cultures
collide.

Richard Palmer, a physi-
cist at Duke University, re
calls that first meeting in
September 1987, “I used
to think physicists were
the most arrogant people
in the world,” he says.
“The economists were, if
anything, more arrogant.”

THEY MAKE AN ODD COU-
PLE, these two Nobel lau-
reates. Philip Anderson isa
condensed martter physicist
who specializes in super-
conductivity; Kenneth Ar-
row is a theoretical econo-
mist who studies such
things as how markets re-
act to uncertainty. At first
sight, vou wouldn't expect
them to have much in
common, but you would
be wrong,

Ower the past 2 years,
Anderson and Arrow have
worked I:ugcﬂmr in a ven-
ture that is one of the
oddest couplmgs in the
history of science—a mar-
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Physicist and economist. Anderson (lefi) and Arow kicked off an unusual

rage, or at least a SCNOUS o llaboration by inviting ten physical scientists and ten ecomomists to meet in Santa Fe. Bnmlgroup? came into .the
affair, between economics meeting with skepricism
and the physical sciences. and preconceived ideas, he

If this unlikely hiaison bears fruit, the result Although the project may seem somewhat | recalls. The economists felt the physical sci-
could be a hybrid theory that imparts to | quixotic, its roots are deep in the practical | entists could not possibly help with their
economics some of the tools and techniques | soil of the business world. In 1986, John | problems, and the physical scientists
developed for such fields as physics and | Reed, chairman of Citicorp, found himself | thought economics was a mess and there
biology. dissatisfied with state-of-the-art economic | was not much vou could do with it.
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Demographic Overview of SF

SFl is a Private, Independent, Non-Profit Research Institute,
(not an accredited educational institution)

~12 Resident Faculty

~12 Postdocs

~60 External Faculty

~20 Staff

~300-400 Visitors per Year

~20-30 Workshops/WorkingGroups per Year

Yearly Budget: ~$9-10M (~$1.5M sub-awards):

~40% Federal and Foundation Grants; ~40% Private
Donations; ~20% Corporate Affiliates / Business Network

SANTA FE INSTITUTE




FACULTY AND RESEARCHERS

Although the Santa Fe Institute does not have tenured faculty, a small community of
researchers are in residence, either full- or part-time, on a longer-term basis.

Tanmaoy Bhattacharya
Professor, SFI and
Los Alamos Mational Laboratory
- Evoiution of Vinuses and
Hozt-Vius Inferaciions
Phylogenetic Meathods and
their Applicafions
Rational Design of Vaccines
Obzerved Quanfum Sy=fems

Samuel Bowles

~rofessor, SFI and University of Siena
= Evolution of Human Cooperafion

- Dynamica of Economic Inequalif

- Behavioral Institufional Innovalion

- Ofher-Regarding Motives

George Cowan
Distinguished Fellow
- Early Childhood Development

Jennifer Dunne

Wisiting Professor, SF1 and Co-Direcior
Facific Ecoinformatics and Computationa
Ecology Lab

- Ecology

- Ecainformatics

- Nehworks

- Paleahiology

Dioug Erwin

Professor, SFI and Smithsonian Institution
- Paleobiclogy

- Evalufionary Innovalion

- Evalufion of Development

J. Doyne Farmer
Professor

- Ecanamics

- Ecology

- Agent Based Simulation

Jessica Flack
Research Fellow
= Evolutionary Consfuction
(Robustness, Innovation, Conatru
iples, Confiict, Evolution of
Signaling Systems, Network Coding,
Dirivers al Complexity)

iction

Murray Gell-Mann

Distimguished Fellow
:u.,-i'u";l Phenomena
Meazzures of Simplicity and Complexify
Clwantum Meachanics and fhe
Guasi-Clazaical World

Bette Horber

\fisiting Ressarcher, 5F1 and
Los Alamos Mational Laboratory
= Immunology

» Theoretical Biology

» Biophyaics

David Krakauer
Professor
:.r"\:" H

1aling
Infarmation and Computation
Microbez

Stephen Lansing
Professor, SF1 and University of Arizona
« Complexity and Social T.'*ﬂ-a-',*
» Robusiness of Coupled Human-Nafural
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Johin Miller

Professor, SFI and

C,a'n=-g e Mellon University

. mplex Adapfive Social Syefems

-

D, Eric Smith

Professor

« Phyasical and Chemical Salif-
COrganizafion
- Oigin of Life

- Moneay, -'n-fa'FE.*:_ and In JelyE:

- Biomolecular Information and
Evoivability

u:rr=1,. ntinc Tsallis

Wisiting Fn:f=-55c' SFI1 and

Srazilian Center for Physics Ressarch

- Monextensive Siatistical Mechanics and
Themodynamics

Geoffrey West
President and Distinguished Professar
- Universal Scaling Laws in Biology

Jon Wilkin

Frofessor

- Evolutionary Genetica

- Genefic Confict and Coevolufion
- Human Demographic Hisfary

C. C. Wood
‘ice President
- Meuroscience

Elisabeth Wood

:'rof=-ssnr SFl and Yale University
Wars

ficlence

- Collective Acfion




FACULTY

The External Faculty is composed of researchers from a broad range of fields, selected on the basis of
research excellence, interactivity, interest in multidisciplinary research, commitment to SFI programs,

and willingness to lead SFI research programs. The President, on the recommendation of the Science
Steering Committee, appoints the External Faculty.

W. Brian Arthur
Falo Alfo Research Cenfer (FARC)

Robert Axtel
ics!Governance Studies
The Brookings Inzfifulion

Mihat Ay
Mathematics, Max Flanck Institufe for
Mathematics in the Scisnces

&pril Benasich
Molecular and Behavioral Meuroscience,

Rutgers, The Sfafe University of New Jergey

Lawrence Blume
Comell Universify

Robert Boyd
Anthropology, Univeraity of California
af Log Angelaz

Elizabeth Bradley
Compuier Science, Univerzity of Colorado

James H. Brown
Biclogy, Universily of New Mexico

Timothy . Buchman
Apute and Crtical Care Surgery,
Wazhington Universify School of Medicine

Diawvid Campbell
Provost, Bozton University

Carlos Castillo-Chavez
Biomathermatics, Arizona Siate Universify

Jirn Crutchfisld
Cynamics of Learning
University of California at Dawvis

Lisa Curran
Tropical Resources, Yale Univerzily

Fob J. de Boer
Theoretical Biclogy, Utrecht University

Jashua Epstein
Economics, The Brogkings Instiution

Mina V. Fedoroff
Plants, Genetics, Malecular Biclogy
Pernsylvania State Universily

Marcus W. Feldman
Biological Sciences, Stanford Liniverariy

Walter Fontana
Systems Biology
Hanward Meadical School

Stephanie Forrest
Computer Science,
University of New Mexico

John Geanakoplos
Economics, Yale Universily

Herbert Gintis
Economics, Cenfral Ewropean Univeraify,
Budapest

George J. Gumerman
Archasoclogy and Anthropalogy,
School of American Research

Peter Hammersizin
Thearstizal Biology,
Hurmboldf Univeraity;, Berlin
Bailin Hao

Theaorstical Physics,

Fudan Univerzify, Shanghai

James B. Hartle
Relativity and Quantum Cosmology
University of Califfornia af Sants Barbara

Eric J. Heller
Chemistry/Physics, Hanvard Universify

Johm H. Holland

Computer Science and Electrical
Enginesring, Psychology, Universify of
Michigan af Ann Arbor

Alfred Hibler
Physics/Complex Systems Research,
University of [linoiz at Urbans-Champagne

Ray Jackendoff
Cognitive Studies, Tuffs Univeraity

Sanjay Jain
Thearstical Physics, Universify of Defhi

Erica Jen
Elathematics, Samfa Fe Institufe




Jurgen Jost
Mathematics, Max Planck Inatifufe
for Mathemalics in the Sciences, Leipzig

Funihiko Kanekao
Physics/Theoretical Biclogy
Univeraity of Tokyo

Hillard Kaplan
Anthropology, University of New Mexico

Tirnothy Kohler
Anthropology, Washingfon State Uiniver.

Bafte Haorber
Imrnunaology,
Loz Alamos Mafional Laboratory

Supriya Krishnamurthy
Physics, Swedish Inatiule of
Computer Science

Diavid A Lane
Economics, Modena Universify

Sander van der Lesuw
Archeology and Ethnalogy,
Anzona Stafe Univerzily

Fabrizio Lillo
Economics/Biology, Uiniveraify of Palermo

Sath Lloyd
Guantum Information, ComplexSystems
Mazzachuseliz Insfifute of Technology

John McCaskill

Evolutionary Molecular Biology,
German Mafional Research Cender
for Information Technology

Lauren &ncel Meyers
Integra Biology
Univeraity of Texasz af Austin

Melanie Mitchell

Computer Science, Porfland Sfafe University

Crstopher Moors

Computer Science/Physics and Astrononmy,
Univeraity of New Mexico

Martina Morris

Saciology and Statistics

Univeraity of Washingfon

Michel Morvan

Computer Science
]

Ecole Novmale Supérieurs, Lyon

Avidan Meumann
Mathematical Biclogy, Bar-lan Universify

Mark Mewrnan
Phiysics, Univerzity of Michigan
af Ann Arbar

Morman Packard
Phiysics, Profolife, Venice

John Padgeti
Palitical Science, The Uiniversify of Chicago

Scoft E. Page

Complex Systems, Paolitical Science,
and Economics, University of Michigan
af Ann Aribvor

Mercedes Pascual

Ecology and Evolutionary Biology,
Univeraity of Michigan at Ann Arbor

John W. Pepper

Evolutionary Biology, Uiniversify of Anzona

Alan 5. Perzslsocn
Mathematical and Theorstical Biology/Bio-
phiysics, Loz Alamos Mational Laboratorny

Walter Powell
Education/Sociology, Stanford Univeraify

Steen Rasmussen
Salf-Organizing Systems,
Loz Alamos Nafional Laboratony

Danizl Rockrmore
Mathematics, Darnmouth College

Dianiel P. Schrag
Geochemical Ooeanography,
Hanvward Univeraify

Pater Schuster
Theoretical Biochemistry,
Univeraity of VWienna

David Shemington

Theoretical Condensed Matter Physics,
Univeraity of Owford

Martin Shubik

Economics, Yale Universiy

James Sidanius

Palitical Peychology, African and African
American Studies, Hanard Uiniveraify

Ricard V. Sale
Complex Systems Research, University
Pompeu Fabra, Barcelona

Peter F. Stadler
Theoretizal Chemistry, Univeraity of Leipzig

Daniel Stein
Theoretical Condensed Matter Physics,
New York Universify

Charles F. Stevens
Malecular Meurobiclogy, The Saik Insfifufe

Steven H. Strogatz
Applied Mathematics, Comell University

Alan Swedlund
Anthropology, Univerzify of Massachuzeffs
af Amherat

Joseph F. Traub
Computer Science, Columbia University

Cuncan Watts
Saociology, Columbia University

Colleen Webb
Theoretical Evolutionary Ecalogy,
Colorado State Uiniversify

Kenneth Weiss
Biological Anthropology, )
Pennaylvania State Universify

Dicuglas B. White
Mathematical Anthropology’ Sociology,
Umiveraity of California at ine

Williarn H. Waoodruf
Chemistry and Biophysics,
Loz Alamos Nafional Laboratony

Henry T. Wright
Anthropology and Archasclogy
Univeraity of Michigan at Ann Arbor

Peyton Young
Economics, The Johns Hopkinz Universi




Robert McComick Adams
Secretary Emeritus,
Smithsonlan Instkubion

Gary F. Bangler
Chief Executive COfficer,
eSay Inc. (Retined

Kay Taylor Bumest
President & Co-founder,
The Gladys B. Foundation

Joy Cove
Preside '|| Beagle Foundatiol

George A. Cowan

Dilstinguish=d Fellow,
3ania Fe Instihute

Willlam Davidow
F"Jr-jl"l:I Pariner, ko,
Daridow \entures

Chrslopher Dawls
Chalmnan and Chief Executive

ficer, Davls -.'_:|Eu-.:l:|.5'.-..- SETE,

LE

Adam De
lanaging General Parner,
Impact Wenture Partners

Esther Cryson
Editor-agidarge, Release 0U3

Elzateth Hughes Eginton
Seniar Vice President, Legg
Mazan Capkal Management

Willam Enioe

Chalrman and ChieT Execitive
OfMcer, Los Alamos katkonal
Bank”

Diougias H. Eréin
Senlar Sclenbst
Smithsonian Instihsion®

Marcus W. Feldman
Burnet C. and Mildred Finley
WWohiord Profassar,
Stanford University

Riobert W. Salvin
Chalrman Emerius
Kiotoroia, Inc.

Murray Gell-kann
Distinguished Fellow,
Santa Fe Instute

Michael A. Grantham
Privale Invseshor

Stewan Gresnfizid
Chalrman,
Alternative Inwestment Gnoup

Jahn H. Haolland
Profegsor, Universky of
KWichigan, Ann Arbor

Siman A, Levin
WoiTett Professor of B
Princeton Linlversity®

Dan Lynen
Preglgent, Lynch Enferprises

Ciana Macarnur
Chalr & Chief Execulve O
Cynamac Corparation

Michael Kauboussin

Chilef InveEiment Siratagist,
Legg Mason Caplta
Kanagemsan

Riobert Maxfieid

Presldent, Maxfald Foundation

Wiliiam kdefton
Presldizni, Melban Investments.

Willlam H. Milier

Chakman, 5F1 Bcand of
Trustess; CEQ and Chief
Investment Officer, Legg Mason
CapRal Management”

Jermy Kurdock
lanaging Direcior and
Co-Founder, Inskght
Vemiure Pamners

Koichl Mighimura
Senior Partner, NATS

AN Mitze
President,
Ann Kendall Richand

Plemme Omidyar

Co-Founder, Founding
Parner and Chalrman
The Cmidyar Mebwork

James Peliey
Privata Investor and Consultand

J. Ledghtan Read
General Panner, Alloy Wentures

Cavid Z. Robinson
Consultant

Ford Rowan
Wice Chalrman, 371 Board of
'L:- E€E; Chalrman, Matona
erter far Crilical Inckdemnt

AR 3|5.-s|=

James Rult
Director, Proteus Foundation™

Peter Schwarz
Co-Founder and Chalman,
Global Gusiness Metwork

Willlam Sick

Chakman and Chief Execullve
Oficar, Business REE0UNCEs
InZermationa

Graham Spencer
Co-Founder, JoiSpot, Inc.

Willlam Spencer
Chakman Emeritus, Intermalicnal
SEMATECH

Gamedt Thamburg
Chalman and Chief Executive
Omicer, Thomiourg Companies

Davld B. Weinberger
General Pamner,
O Connior Partners

Geafrey West
President and Dt "QJ|E|'EC
Professor, Santa Fe instiute”
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Robert MeCormick Adams
Sacretary Emenius,
Smithsonlan Instiulion

Fhilip W. Andersan
Prafessor of Physlcs Emeribus,
Frincetan Unlversity

Eenneth Amow
Prafessor of Ecanamics Emertius.
Slamrord University

W. Brlan Arthur
Economics, Palo ARo Researnch
Center (PARC)

ory Blumenthial
clate Provost

Rodnigy A. Brooks

Panasonic Prafessor of Robotics
Massachusetts Instibuts of
Technoiogy

David K. Campb=|

Science Boand Co-Chalr ano
unt Iy Provoe?, Boslon
Univershy

Chares P. Dellsl
T Professor of Solence
g. Boston

Persl Dlaconis
Mary . Sunsen Profsssor

af Statistics and Mathematics,

Stanford Universiy

Stewen Duriauf
wennsth J. Amow Prafessor

of Economics, Unhersty of
‘Wisconsin-Madison

Marcus W. Feidman
Sumet C. and Mildred Finley
Wohtford Professar,

Stanfard Universky

Walter Fontana
Professar of Systems Blalogy,
Harvard Medical Scno|

Stephanie Fomest

Professor and Depariment Chalr,

Uiniyersity of Mew Mexico

Johin Searakq:ulfa

James Tobin Professor of
Ecanamics. Yale University
Murray Gell-Mann
Distingulshed Fellow,
Zania Fe Instihute

Donald A. G136er
Professor of the Graduats
Schoal, Universiy of
Callfomia-Beraley

Byron Golgsiein
Theoretical Bilogy,
Lo Alamos Natkonal Labaratory

Ciebioran M. Sordaon
Prifessar of Bloioglca
E'.JF'C"C u"III'E "‘-E||:|-

Selences.

Willam T. Greenaugh
Professor of Blologlca
Paychology, Unive
INinois-LUreana

Jurls Harimanls

Professar Computer Science
and Engineering Emeritus,
Comell Uiniversity

M. Peter Hellbrun
Consulting Protessor of
MeurssLrgery, Stanford
Unkversity

Jahn H. Holand
Pratessor of Elecincal
Engnesring and Compuser

Selence, Peychalogy, Linlversity

of Michigan, Ann Arbar

Arthur M. Jafte

Landon T. Ciay Professor of
Mathematics and Theoretical
Zelence, Harvard Univershy

Enica Jen
Mathematics
Zanta Fe Instibute

Eric 0. Klopfer

Professor of Sence Education,

Massachusetts Insbute o
Technodogy

Maney Kopell
Professor of Mathematles,
and Co-Director of Canter
far B 0y amics, Bashan
Uniearsky

Zeonge B Lakol
Prafessor of Lingulstics,

Uniearsiy of Callfomia-Beraajey

David A Lane

Prafessor of Saclal
Cogniiive and Quantiai
Zelence, Modena Unlversity

Simon A. Levin

clence Board Co-Chalr and
MofTett Professar of Blokgy,
Princetan Unlverslty

Richard C. Lewonsin
Professor of Bio
Agasslz Professor
Harvard Linkwersity

Arthur F. Bentley

Alexander

Alexander Agasslz

Professor of Zaoiogy In the
Museum af C:rmparallve
Zoology Emeriius. Harvard
LinlwersHy

Lomd jRabart M. May

Professor of Zoslogy

Oiford Linkversity

Haroia Morowitz
Clarence J. Rabinson
Professor of 5 .I,. ;5.- and
‘-\.all. ral Philaso

o University

Geange Dstar
Professor of Mokcular and

Celular Elology, University of

Calfornia-Gerkeley

Elinor Cstrom

Srofessor
of Political Sclence, Indlana
Unhversiy

Alan 3. Peralson

Senlor Feliow,

Los Alamos National Laborato

Cavid Pines

Faunding Director, |CAM,
and Physics, Los Alamos
Mational Laboratony

David Raup
Professor of Geophysical

sclences Emertius, Lrlre" oy

:‘ Chicago

DCaniel P. Schrag
Professor and Director,
Laboratony for Gaochemica
Oceanography, Harvard
Unlversiy

Ell Z2rcarz

Head, Division of Immune
Requiatian, Torrey Pines Insiiuta
Tar '1" olecular Studies

Burion H. = nger

Charles and Marks Robertsan
Professar of Public an
Iremational Aalrs, Princeton
Uiniverslty

2 and Professar
of Physics and Mathematics.
e ork _Ir .ars.'.;

Charles Stevens

Kalecular Meurcbiology, The
Salk |nsthute for Biokgical
Sclences

Faula Tallal

Board of Gowernors Professor
of Meurosclence, Rubgers, The
State Uinbyersity of Mew Jersay

Geoffrey West
President and Distinguished

5

Professorn, Santa Fe instisuts
C. C. Wood

Wice Presldent,

Santa Fe Instiiuiet

Heniry T. Wright

Curator of Near Eastemn

Archasalogy, University
of Michigan
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STEERING COMMITTEE

James H. Brown J. Stepnen Lansing
Distnguished Prafessor Prafessor, Liniversity of Anzona
Univeersity of Mew Maxico

Michag! Mauboussn
Douglas H. Erin Chiel Investiment Sirateglst
Senlor Solantkl, Legg Mason Capltal Management
Smizhsanian instbution

Cristopher Moo
Hina . Fagarst Associate Professor,
Evan Pugh Professs UniversRy of Mew Mexico
Pennsyivania State Linkversity

Geofirey Wes
Johin Geanakoplos Pragident and Clstinguished
James Tabin Professar of Professor, Sania Fe Insiiute’
Economics, Yaks Linversty

C. . Wiood
Jurls Harimanls ioe Preskdent
Professor Smartus Santa Fe Insttute”

Henry T. Wirighs
Belle Karber Curator of Mear Eastern Archaealogy,
Labaratory Faliow Universey of Michigan
Lo Alamos MNationa

David Krakauer
Professor, Sania

& Inslitute
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CULTURE CRASH

Some economists had hoped that physicists might shake up therigid theories typical of mainstream
economics. But so far, they're unimpressed by physicists’ handling of the mar kets. Philip Ball re ports.

cists hawe been trying to apply their

idens and toolks to an area that seems a

lang wayfram traditional physics. They

are exploring the noticon that there might be a

lindo&p}q’!lcsnfﬂ:ccmm:{ty—m'ﬂcnm.

ics, as it has been dubbed”. Last year, some

gfbazcuempblﬂaﬂsennwem:ﬂ:rum

suggest that ecanomics might be “the next
phisical scisnes™,

But none this nn]lhelym.:rriagei: shovwing

s of turning seur Even those econcmists
whi at first welcomed soonophysics are start-
ing towonder whether itis ever gaing todeliver
on jtsinitial promise. Early successes in model-
ling financial markets have notled to insights

ere, somee comnplain, Matterscame toa
head at the Ecomophysics Colloquivnm, held at
thee Australian Mational Universityin Canberra
last Mowernber. A group of sconomistsartend-
ing the mesting were so dismayed with what
they swe many physicists doing that they
pgnnad.:ﬂo:tbco\mngpapergnnﬂad'\'foﬂy
ing trenclsin econophysic:

Tns their critique, e:onomjst?aulD.rmgrod
aof the London-based consultancy Vahterra and
his co-authors accuse econophysicists of a
litaryy of sirs: applyiceg inapproapriate assump-
tiors to ecaramic sysems, failing to do their

properly, getting fizated ona small
corner of the subject, and being sloppy with

Forﬂu past two decades, some phiysi-

their statistics. At face walue it is a damning
indictmsent, ard raises the question of whether
ecomophysicswill ever make a germine contri-
bution 1o economic theory, or whether it is
doomed bo remnain a fringe interest,

Claim to blame
Some econophysicists admit that thers are
problems. “Econophysics is a field with very
uneven quality” says Doyne Farmer, a physi-
cist at the Santa Fe Institute in New Mexico,
wha made pionesring coniributions to the
study of chans befare moving into economics,
!ﬁ-ljungzhmgofﬂulfnimsiryoﬂ:ﬁbwrg
in Switzerlard is even more readywith
a mea cufpa. My economist friendsare
The literature is often littered vith
garbage. We can find gauge-field thear-
ies of finance, quarum apticns and
£o o, 1o shert, anything goss
But others reject the accusations. In
response to the Canberra critique, Joe
MeCauley, o phrsicist at the University
of Houston, Texas, who oow works
mostly on economic problems, sys,
“Would one write an essay called
‘Worrying trends in physics’ simply
2 bewminor resea putaut
bad paperst Bad papers. even wrong
papers, appear in every issue af every
scientific journal”

E2008 Naturs Publlshing Group

Ttistemnpting to interpret this asa mereacad-
ernic turf war, Bt Ormerod and colleaguesars
among the few peoplein sconomics who have
taken econophyzics serioush: Most sconornists
et knosw the discipline exists — and if they
did, they would probably heap derision oo it.

Theidea that physics might have something
useful to contribute to econemics arises
because both fieldsare concerned with systems
af mary inberacting components that abey spe-
cific rules. Statistical physics describes the
behavicur of bulk matter based on the forces
acting between atoms and molecules. Ecorom-
ies studies the imeractions betwesn sconomic

VA IO TTY
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“agerits’ — market traders, say, or husinesses.

Arguably, deriving microeconomic prini-
ples from the behaviour of individual agents
should pese similar problems to deriving
thermad ynamic L s From inberatormic farces,
The rules dictating how interactions play
aut between economic agents are admitesdly
‘miare complex than ex between atorns,
butin conwentional sconomics the rules have
aheays besn grossly simplified to make the
miadels venrkable

Forenmpl.e, the core thecry of mainstream
ecoromics, the necclassica | model, arguesthat
ageniz almrl act with perfect rationality to
maximize their ‘utility’ (for example, l].
‘hased on complete information aboat
af the market as a whole. In this picture, an soo-
namic market quickly reachesan squilibrium
state, in which commeddities fird the price that
perbectly balances supply and demand.

Modelwordd
Econoanists recognize that real burnan agents
do ot abeaysact insucha coldby rational way.
and that they generally have o manage wi
incomiplets information. But ahhough Mabel
prizes in economics were mwarded in 2001 and
2002 fior verwrk that recogriizes these limitations,
necclamical theories — and particularky the
iden cf equilibrium — remain central b main-
siream scomomics.

Ormerad and his calleagues, and ather
phrsicefriendly economists, had hoped that
ecomephysics would help them create a
new ecoromics that is free from some of the
degmatic assamptions characterizing the
mainstreamn. discipline today. “Econamics
desperately s ecomophysics” chims
Ormerod’s co-author Stewe Kesn, an scono-

Santa Fe Institute

mist at the University of Western Spdney in
Australia. Keen had hoped in particular that
ecann s might break his fellow scono-
rnists P:i’::‘mﬂﬂ absession with aquilib-
rium. “Equilibrium thinking still has them in
itsunshakeable thrall] he says.

A glaniee at almost any plot of commadity
prices over timebelies the idea of markost aqui-
libriurn: the walues Auctuate wildly But in
neoclassical theoey, these Huctations are
regarded a: background 'noise’ caused by
unpredictable 'shocks’ from cutside the sco-
nomic spstem, to which the market constantly
and quickly adjusts. An attempt to exphin
sachfluctaations using statistical zwas
made as early as 1900 mﬁ:vfloulsE.;!.\c}Ee‘ru he
propesed an explanation that introduced
the theory of random walks, which was later
developed independently by Hinstein to
explain hrownian motion.

Bachelier'stheary was deemed boo strange to
beetaken serioushy by economists. But the issne

A

£2008 HaturePublishingSroup

Excorppdysidstshay e foossed on T feamda
et b mese 1 oMers a lot of good-gualtydata.

was revisited in the early 19605, when mathe-
matician Benoit Mandelbrot shewed that flue-
taations in cotton prices have a statistical
distributicn that differs from that expected eda
t:rpu::al;m:nan process — where each evert
ns randomby and independenthy of all
mﬁ.l’}m&mmlarge nuticrs than
a gaussian distribution predicts®, This has sig-
nlﬁcamimplicxﬁm:&:e\:mni:meocigsﬂm
assurne market ‘neise’ to be gaussian — but
mon:un crtantly, it suggests that big fluctua-
:ﬁmarEfcras}ul.b:.rinotm
.:.rwuuhm but intrinsic to pormal markst
behavicur Mardelbrots 1363 paper an price
fluchuticne is pow regarded as one of the key
precursars tomodern sconophysics

Outof equilibrium
Eut it wasnt until the earhe 19805, when an
wrrusnal mix of researchers got together at the
Sante Fe [nstitube, that ecamamists showed
much interest in scientific ideas related o
camplex systems. They were helped by
advances in computing. “Oncewe got deskiop
computers, we could model systemns of many
agents and albow them rules of bebaviour and
ses howw they evolved” says sconomist Brian
Arthur, wha worked at Santa Fe alongside
physicists and evolticnary biclogists ta
develop non-traditicnal approaches to eca-
nomics”. Such computer simulations of the
economy bed to madels of interacting agents"
thiat were influsrced as much byseark an cog-
niticn and evcluationary bialogy as by physics.
In these models, ressarchers could give the
interacting ageritsany decision-making strat-
gy theydesired, and therefore siudy markets
with different underlring behaviours “What
we found was quite surprising.” recalls Arthur,
“Under some restrictive conditions, you get
market squilibrivm, but under other condi-
tions you get much more complicated owt-
comes” [t seemed there was no good reason ko
believe that microeconomics always operates
at equilibrium. “The econcmy is out of kitter
mist of the time” says Arthor That, he says,
acoourits far one of the virtues of econo physics.
“The core of econcmic theory is still boilt
uilibrinm m.odd;.bntmostmndds
ma:w:\noﬁ\m:mmn-cqnd:bmun cnes”
Bt those economists who have adoptsd
new approaches such as agent-based medel-
ling hawe hecome increasingly frus
trated with the intransigence of main
streamn economics. Some have even
resorted to starting their own publica-
tion, the fosrmal of Bomomic Interac-
ticm and Coordimation, the first issue of
which appeared online in May. Zhang
saysthat three ofthe four authors of the
Canberra critique are victims of the
intellectual exclusion impossd by
mainstream sconomists,  That'swhy theyhad
such high bopes when physicists ofered what
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How Lile Begah

by James Trefil

There are few phrases in the English languape more Ereiphted
with meaning than this. Yeteran leceurers know tha there is

nothing thar evokes a sence of awe and majesey (and, in same

people, msecurity) like a discussion of the orgin of the uni-
verse of the orgin of life. Now, a nadonwide research effon
spearheaded by Harold Morowitz of the Sanea Fe Insdtute
and Gearge Mason University is forming o attack the uld-
mate question of how Jife began, o leam what might have
happened— “In the bepinning.”

This new effort is being funded by a five year, 35 million
grant fram the Mational Science Foundadan, The Foundadon
has funded a small number of research «ffons in a program
they call Frontiers in [ntegrative Biclogical Research (FIER]).
The idea of this initadve 15 to idenofy research profects dhat,
if successbul, would result im major advances in our knowd-
edpe of living systems, but carry a high risk as well. Three
awards were given in 2005, The SF1 grant involves scientises
ar 5F1 and George Mason Universivy, together with colleagues
at the Universiey of Colorado, the Camegie Institution of
‘Washingron, the Universiey of llinois at Urbana-Champaign,
and Arizona Seate University.
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A mechanism for the association of amino acids with
their codons and the origin of the genetic code

shelley D. Copley*®, Enc smith*, and Harold ). Morowitz®

rathea Irstitute Tor Resaarch In Erwronmantal Schences, Dapartmant of Moleodar, Callulan, and Develcpmental Blology, Unherity of Cokorada,
Boudar, 00 S020% *Sara Fa Insthiuta, Santa Fa, MM E7500: and *ramow Instiute, Gacrgs Maion Unkeartty, Farfax, VA 22030

Communicated by Gregory . Pattkn, Erandals Unkerity, Waltham, Ma, February 7, 3005 (recaled for raiew Dacsmbar 13, 2004)

Tha garistic cods has cartain requiarities that have resistad mach-
anlstk Intarpretation. Thesa Induds strong cormalations betwaan
tha first bass of codons and tha pracurser fromwhich tha sncoded
amino acid Is synthesized and betwasn tha second bess of codans
and the hydrophobkity of the sncoded amine acid. Thase ragu-
lartthas are evan mons striking In a projection of tha modern cods
ontoa simplar coda consisting of doubls t codons snceding a sst of
simipla amino scids. Thase reguisritics oan ba oxplained If, bafors
tha amenganca of maomokculss, simpk aming sclds wars syn-
theskzed In covalent complaxes of dinuckotidas with «-kato aclds
originating from the reducthe tricarbeogyllc ackd cycka or raducthos
amtate pathway. The bases and phosphatas of tha dinuckotids
ara proposed to hava anhancad tha mites of synthatlc reactions
kaading to sminoadds ina smallmoleculs reasction nataork that
prucedad the RNA translation spparatus but castad an assockation
betwaan amino acids and the first two basas of theircodons that
was ratalned whan translation emergad later In evolution.

catalysk | orgin of IHs

be genetic code hos many regularities (1), of which only a

subset have explanatiors in terms of tEMNA function (2) o
robustness against deleterious effects of mutation (3, 4) ar errars
in wranslation (3, 5). There is a strong correlation betwesn the
first bases of codons and the bicsynthetic pathways of the amine
acids they encade (1, 6). Cadars beginning with C, A, and UJ
encads aming acids synthesized from «-ketoglotarate | KG),
cmaloacetate (OWAA), and pyruvate, respectively.” These corre-
lations are especially striking in light of the strocnoral diversity
of amino acids whose codons share a first base. For example,
codons for Gloand Pro both begin with C, and those for Cys and
Len begin with 1. Codons beginning with (3 encode amino acids
that can be formed by direct reductive amination of a simple
a-keto acid. Thess include glycime, alanine, aspartate, and
glutamate, which can be formed by reductive amination of
glyooalate, pyrovate, COAA anda KO, respectively. There is ako
a long-recognized relationship berween the hydrophobicity of
the amino acid and the second base of its codon (1), Codons
hawing 1V as the second base are associated with the moest
hydrophobic amino acids, and those having A as the second base
are associated with the mest biydrophilic amino acids.

We suggest that both correlations can be explained if, bafore
the emergence of macromolecules, simple amin acids were
synthesized from a-keto acid precurscrs covalently attached to
dinucleotides that catalyzed the reactionsrequired to synthesize
specific amino acids (sce Fig: 1). This is a significant departure
from previous thearies attempting bo explain the regularities in
the genetic code (3). The “stereochemical™ hypotheds suggests
that binding interactions between amino acids and their codons
of anticodons dictated the structure of the goneotic code (7-10).
The “coevoluotion™ hypothesis (€) suggests that the original
genstic code specified o small mumber of sicnpls amino scids, and
that, as more complex amino acids were synihesized from these
precursors, some codons that initially encoded a precursar were
ceded toits more complex products, Finally, the genetic code has
been proposed to be simply a “frozen accident™ {11).

H4-HL | PMAS | Manch 2L 206 | wol. 102 | ne 12

¥
W ol Fiw ol
Ag. 1. Modal for syrthesls of amino adds from =ketn add precurson
coalently attached to dinklectides. The dirklestide that i capabie of
eatalzing syrihests 0f 3 part cular am e 2dd Is proposed 1o contain thafirst.
o based of tha codan spaciiying that amine sdd.

Recent anahysis mggests that the reductive tricarbooodic acid cvele
could serve as a nerwork-autocatalytic selfsofficient soarce for
dmple eketo acids, incloding ghoaalate, pyruvate, OAA_ and
-KiG, 25 well 25 the carbon backbones of sugars and noclecbases
(12} a-Feto acids can alse bo generated from the reductive acety
Cod pathway (13). Mot dmpls amine acids can be reached from
an a-keto acid precumsor by a small number of relatively simple
chemical transformations, and the synthetic patbray that will be
fcllowed is determined within the first three steps, We propose that
the pesitions of functional groups in a dinucksotide—x-keto acid
complx determine what reactions can be effectively catalyzed for
a givena-keto acid An example of a series of reactions leadivg from
a-KG to five amine acids, each attached to the firs teo bases of its
wodon, is shown in Fig. 2, which can be regarded oe o “decision ree ™
in which the nature of the bases in the dinuclkotide determines
which types of reactions occur. The pathways propesed follow
elosely these in extant organisms (14), &#ering primarily in the
timing of the reducrive amination leading to the final amine acid.
The motwation for this appreach & that modern biceynthetic
pattyays likeby emerged by gradosl scquisition of erryrnes capable
of catalyzing reactions that had previcusly occurred in the absence
of macromclecular catabysts. Thus, medern pathways are “meta-
bolic fessils™ that provide itsight into prebiotic sythetic pathways,
although some refinemenis and permutations are expected to have
occurned,

The propositicn that nuckectides might provide catalytic assis-
tance during synthesis of amino acids is plavsible. Catalytic KN As
are capable of catalyzing a wide range of chemical transformations
{15-21). Because the amino acid building blocks of proteins can
catalyze reactions sach as aldol condensation (22, 23], it is reason-
able toexpect that the nuckotide buildng blocks of RNAs may also
have catalytic abilities. Dinuvcleotides might catalyze reactions re-
quired for snthesis of aminc acids by (#) arentation and polariz-
tion of reactants by hydrogen bonding interactions, (&) vse of

b G, o, ool
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Nocrralitiorn b the e basen of cxdons and Bowyrehatk: prthws wars frat
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LIFE ON THE SCALES

Simple mathematical relationships underpin much of
biology and ecology

BY ERICA KLARREICH

mouse lives just a few years, while an elephant
can make it to age 70. In a sense, however,
both animals fit in the same amount of life
experience. In its brief life, a mouse squeezes
in, on average, as many heartbeats and
breaths as an elephant does. Compared with those of
an elephant, many aspects of a mouse’s life—such as
the rate at which its cells burn energy, the speed at

which its muscles twitch, its gestation time, and the
age at which it reaches maturity—are sped up
by the same factor as its life span is. It's as if
in designing a mouse, someone had simply
pressed the fast-forward button on an ele-
phant’s life. This pattern relating life’s
speed toits length also holds for a sparrow,
agazelle, and a person—virtually any of the
birds and mammals, in fact. Small animals
live fast and die young, while big animals plod

through much longer lives.

“It appears as if we've been gifted with just so much life;” says
Brian Enquist, an ecologist at the University of Arizona in Tucson.
“You can spend it all at once or slowly dribble it out over along time.”

Scientists have long known that most biological rates appear
to bear a simple mathematical relationship to an animal’s size:
They are proportional to the animal’s mass raised to a power that
is a multiple of 1. These relationships are known as quarter-
power scaling laws. For instance, an animal’s metabolic rate
appears to be proportional to mass to the % power, and its heart
rate is proportional to mass to the -4 power.

‘The reasons behind these laws were a mystery until 8 years ago,
when Enquist, together with ecologist James Brown of the Uni-
versity of New Mexico in Albuquerque and physicist Geoffrey
West of Los Alamos (N.M.) National Laboratory proposed a
model to explain quarter-power scaling in mammals (SN:
10/16/99, p. 249). They and their collaborators have since
extended the model to encompass plants, birds, fish and other
creatures. In 2001, Brown, West, and several of their colleagues
distilled their model to a single formula, which they call the mas-
ter equation, that predicts a species’ metabolic rate in terms of
its body size and temperature.

“They have identified the basic rate at which life proceeds,”
says Michael Kaspari, an ecologist at the University of Oklahoma
in Norman.

In the July 2004 Ecology, Brown, West, and their colleagues
proposed that their equation can shed light not just on individual
animals’ life processes but on every biological scale, from subcel-
lular molecules to global ecosystems. In recent months, the inves-
tigators have applied their equation to a host of phenomena, from
the mutation rate in cellular DNA to Earth’s carbon cycle.

Carlos Martinez del Rio, an ecologist at the University of

Santa Fe Institute

Wyoming in Laramie, hails the team’s work as a major step for-
ward. “I think they have provided us with a unified theory for ecol-
ogy, he says.

THE BIOLOGICAL CLOCK In 1883, German physiologist Max
Rubner proposed that an animal’s metabolic rate is proportional
to its mass raised to the % power. This idea was rooted in simple
geometry. If one animal is, say, twice as big as another animal in
each linear dimension, then its total volume, or mass, is 22 times
as large, but its skin surface is only 22 times as large. Since an ani-
mal must dissipate metabolic heat through its skin, Rubner rea-
soned that its metabolic rate should be proportional to its skin
surface, which works out to mass to the 2% power.

In 1932, however, animal scientist Max Kleiber of the University
of California, Davis looked at a broad range of data and concluded
that the correct exponent is %, not 2. In subsequent decades, biol-
ogists have found that the %-power law appears to hold sway from
microbes to whales, creatures of sizes ranging over a mind-boggling
21 orders of magnitude.

For most of the past 70 years, ecolo-
"They have gists had no explanation for the % expo-
. ) nent. “One colleague told me in the early
Identlfled the ’90s that he loo?(gﬂ\/t-scaling as ‘given by
basic rate at Gl ;ﬁ's»f  Fdc
¢ : e beginnings of an explanatiol
Wh ICh llfe came in 19g,l97, when Brown, West, and
proceeds"’ Enquist described metabolic scaling in
mammals and birds in terms of the
— MICHAEL KASPARI, geometry of their circulatory systems.
UNIVERSITY OF It turns out, West says, that Rubner
OKLAHOMA . ¢ £
was on the right track in comparing
ARG surface area with volume, but that an
animal’s metabolic rate is determined
not by how efficiently it dissipates heat through its skin but by
how efficiently it delivers fuel to its cells.

Rubner should have considered an animal’s “effective surface
area,” which consists of all the inner sur-
faces across which energy and nutrients
pass from blood vessels to cells, says
West. These surfaces fill the animal'si.
entire body, like linens stuffed intoa oy,
laundry machine.

Theidea, West says, is that a space-
filling surface scales as if it wereavol-
ume, notan area. Ifyou double each of
the dimensions of your laundry machine,
he observes, then the amount of linens you
can fitinto it scales up by 2, not 22. Thus, an animal’s effective sur-
face area scales asif it were a three-dimensional, not a two-dimen-
sional, structure.

This creates a challenge for the network of blood vessels that
must supply all these surfaces. In general, a network has one more
dimension than the surfaces it supplies, since the network’s tubes
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Physics Today September 2004 Life’s Universal Scaling Laws

Biethas Growth, innovation, scaling, and the pace
e of life in cities

Luis M. A. Bettencourt*', José Lobo®, Dirk Helbing®, Christian Kithnert®, and Geoffrey B. West*"

(W)

*Theoretical Division, M5 B284, Los Alamos National Laboratory, Los Alamos, NM 87545; *Global Institute of Sustainability, Arizona State University,
P.O. Box 873211, Tempe, AZ 85287-3211; SInstitute for Transport and Economics, Dresden University of Technology, Andreas-Schubert-Strasse 23,
D-01062 Dresden, Germany; and 15anta Fe Institute, 1299 Hyde Park Road, Santa Fe, NM 87501
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» mammalian

LOG ME

p=1.12 R%=0.97

LN[Walking Speed (mis)]

Figure 2. The 3/4—power law for the metabolic rate as a function of mass is
observed over 27 orders of magnitude. The masses covered in this plot range from
those of individual mammals (blue), to unicellular organisms (green), to
uncoupled mammalian cells, mitochondria, and terminal oxidase molecules of the i
respiratory complex (red). The blue and red lines indicate 3/4—power scaling. The LN[Population]
dashed line is a linear extrapolation that extends to masses below that of the
shrew, the lightest mammal. In reference 6, it was predicted that the extrapolation
would intersect the datum for an isolated cell in vitro, where the 3/4—power
reemerges and extends to the cellular and intracellular levels. (Adapted from ref.
6.)
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LNPopumin] Fig.2. The pace of urban life increases with city size in contrast to the pace
Fig. 1. Examples of scaling relationships. (a) Totalwages per MSA in 2004 for of biological life, which decreases with organism size. (a) Scaling of walking
the U.S. (blue points) vs. metropolitan population. (b) Supercreative employ- speed vs. population for cities around the world. (b) Heart rate vs. the size
ment per M3A in 2003, for the U.5. (blue points) vs. metropolitan population. (mass) of organisms.
Best-fit scaling relations are shown as solid lines.
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Agent-Based Models In
the Social Sciences

SIMULATING

CIENT
SOCIETIES

modeling
unt ‘.ﬁ.-._l the arc
American South

By Timothy A. Kohler, George |. Gumerman
and Robert G. Reynolds

Iy a small fraction af human history is known through sects.
Fox the rest, archacalogy isthe main source. By cxamining ruins, artifacs
and remains, archacclogists have painstakingly constructed a serics of
picturcs showing human sesictics as they coxisted thowsands and cven mil-
lions of years ago. It is much more difficule, however, to determine the
processes that produced and change d these socic tics. Rescarchers are still
struggling to understand the long chain of causc-and-c fiect (and chance
cvents) stretching from eur heminid ancestors of four million years ago—
small bands of upright-walking primates with no stons tocls and scarcely
any comversation—to the commumirics and culmres we sce arcund the

world today.
“With the advent of compurcrs, archacol ogists began to cxperiment
FAIHTED HAND, a PE0-yoarald ruin with simulation as an aid to cxploring human prehistary. The logic is
inths Meza Yarde ragian of smple: you program the computer to mimic proccsscs such s population
anuthwastern Colorads, isswithin groveth and rescurce ueage, then sce how well the softwarc’s predictions
astudyarea whara ressarchere coincide with the archacological record. An carly example is the well-
arawsing computarmodsto known artcmpe in the larc 1970z ta cxamine the callapse of the Classic
une patzamanFthe nciant Maya cirilization ,which dominated a vast swath of Mexico and Central
Pusblaan poaplas. America fram .00, 300 te 900, Led by rescarchers ar the Massachuscres
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SFI Public Lecture Series
and
Ulam Lectures

“Adventures in Modeling”
Project

SFI Prize for
Scientific Excellence




Quick Links...

SANTA FE INSTITUTE

Schools

2007 Complex Systems Summer Schools

The annual Complex Systems Summer Schools provide an intensive introduction to complex
behavior in mathematical, physical, living, and social systems for graduate students and
postdoctoral fellows. Itis open to students in all countries. Students are expected to attend for the full
four weeks. No tuition is charged. Some support for housing and travel expenses may also be

available. Enroliment is limited.

Parial support for these schools is provided by the National Science Foundation, the Santa Fe

Institute, and The Chinese Academy of Sciences

Santa Fe School China School
July 8 - August 4, 2007
Beding. China

Previous Schools




Summer Internship/Mentorship Program | Secondary Award for Scientific Excellence
Growing Up Thinking Scientifically Secondary School Adventures in Modeling

K-12

SFl has a strong commitment to bring complexity science education to our next generation of
scientists and scholars. We offer periodic workshops for local students and teachers. In addition, our
secondary school program coordinators are available to present an on-site school-based
introduction to computer modeling and inquiry-based science. SFI's approach to secondary school
complexity science uses a hands-on approach featuring the computer-modeling tool StarLogo
developed at MIT's Media Lab.

Summer Internship/Mentorship Program

A five-week program for high school students that focuses on the study of computer simulation and
complex systems.

Project GUTS: Growing Up Thinking Scientifically

A year-long science, technology, math, and engineering (STEM) program for middle school students
in Santa Fe, NM.

Secondary School Adventures in Modeling

“Exploring the World through Computer Models” is an annual summer and academic year program
for Santa Fe high school students and teachers focusing on computer modeling.

Secondary Award for Scientific Excellence

Each year the Santa Fe Institute honors graduating seniors from area high schools with the Prize for
Scientific Excellence.

SANTA FE INSTITUTE




PROGRAM

The International Program moved inte a new phase in 2006  Cardenas led a working group of SF1 researchers, including
as it seeks to fully integrate the program into the researc twe other former Fellows, entitied “The Evolution
community at SF, the highlight of which was a meeting of of Cooperation in the Commons,” in Bogota. Colombia

all forrmer and current International Fellows. Teenty-fire
Pablo Marquet received research support as “seed

researchers met at SF in Septernber to share research and
maney” for his new Ecolnformatics Lab in Santiago, Chile.
explore collaborative and educational opportunities. The
SF| researchers Raissa D"Souza, Jim Crutchfield and Vice-
researchers came from every continent and some of the
President C_C. Wood traveled to Valparaiso, Chile o support
countries represented were Russia. Scuth Africa, China
the inaugural “Residency Month” held in the new complexity
ndia, Argentina, Chile. Colombia. and Hungary. i

nstitute, ISCV. FELLOWS

Caonsistent with the program philosophy to encourage SFI-

For the third | the Complex Systems Summer
style research in dewveloping countries the program supported
School (C555) was held in Beijing, China. Work on a new den

Sude

a number of activities in target countries. For example, 5F|

educaticnal medule series also commenced in 2006 Building fime basiz, an academic In ¥ C lows are ir

researchers visited Budapest for a working group meeting

on the successful model of the C355 the modules break
convened by former International Fellow, Beata Oborny,

the components of complex systems analysis into smaller,
o explon ological Borderlines” and the possibility of

i mini-tutorials. The first module, on network theory, will be

applying phase transitions o ecological systerns. Former o Miguel Fusnizs, Francisco Gutlemez, Jorge Velasco-Hemander

complete June 2007
Fellow and Universidad de los Andes Professor Juan Camilo- . (naw SF1 Fostoociors! Fel onal Liniversi ite of Petrolenm
for Atomic Studves, Banioohe, okan, AT B e MOgE’s af popu

fina Mathemaiical models in 1 s, i oidemioiogy




Business Network Members

AFOSR, Arfington, VA

Alidade Incorporated, Newport, R/
Amena, Madrid, Spain

Argonne National Laboratory, Argonne, IL
Anence Capital Management, L.P.,

New York, NY

Baillie Gifford, Edinburgh, Scofland
Barclays Capital, London, UK

BGI, Kirkiand, WA

The Boeing Company, Chicago, IL

Booz Allen Hamilton, Mclean, VA
Bridger Capital, New York, NY

BT, lpswich, UK

Capital One, McLean, VA

Cisco Systems, San Jose, CA

CNO Strategic Studies Group, Newpaorf, RI
Credit Suisse, New York, NY
CustomerSat Inc., Mountain View, CA
Davis Selected Advisers, L.P.,

New York, NY

Deere & Company, Moline, IL

Deloitte Touche Tohmatsu, Glen Mills, PA
Department of Defense, Vienna, VA
eBay, Inc., San Jose, CA

Eli Lily & Company, Indianapolis, IN
FedEx, Memphis, TN

FX Palo Alto Laboratory, Palo Alto, CA
Hewlett-Packard, Paioc Alfo, CA

Honda R&D Americas, Southffeid, Mi
Insight Venture Partners, Aspen, CO
Intel Corporation, Hilsboro, OR

Lazard Asset Management, New York, NY
Legg Mason Capital Management,
Balfimore, MD

Lockheed Martin Corporation,

Bethesda, MD

Los Alamos National Bank,

Los Alamos, NM

Marathon Asset Management, London, UK
The Mitre Corporation, McLean, VA
Morgan Stanley Investment Management,
New York, NY

Mational Institute of Aerospace/NASA,
Hampton, VA

Mativis, Inc., La Jolla, CA

MNATS LLC, San Francisco, CA

Northrop Grumman Mission Systems,
Albuguerque, NM

Office of Naval Research, Aringion, VA
OppenheimerFunds, New York, NY
Pioneer Hi-Bred International, Johnsfon, 14
Procter & Gamble, Cincinnati, OH
Sandia National Laboratories,
Albugquergue, NM

Sente Corporation, Orando, FL
Sherman Kent Schoeol for Intelligence
Analysis, Washington, DC

State Farm Insurance Companies,
Bioomington, IL

Steelcasze, Inc., Grand Rapids, M/

Sun Microsystems, Palo Alfo, CA
Susquehanna International Group, LLP,
New York, NY

Swiss Re Investors, New York, NY
Thomson Scientific & Healthcare,
Philadeiphia, PA

Thomburg Mortgage Advizory,

Santa Fe, NM

Toyota Motor Corporation, Aichi, Japan
Trust Company of the West,

Los Angeles, CA

UBS AG, Chicago, IL

WCM Investment Management,

Lake Foresf, CA

Ziff Brothers Investments, New York, NY

"Agent-Based Modeling and Simulation Course”

April 16, 2007 to April 20, 2007

Argonne National Laboratory in Woodridge, IL hosts this sixth annual course from April 16th to April
20th, 2007. Company analyzes, software development and managerial topics will be covered.

"Diverse teams, Wise Crowds and Informed Experts"

March 16, 2007 by Scott Page and Michael Mauboussin

SFI External Faculty Member Scott Page (University of Michigan) and Business Network Member
Michael Mauboussin (Legg Mason Capital Management) host this meeting in Chicago.

"Collective Intelligence in Synthetic Environments”

February 20, 2007 to February 21, 2007 by Leighton Read and Christian Renaud

Cisco Systems' Leighton Read and Christian Renaud present the first Topical Meeting of 2007,
Feburary 20th and 21st on the San Jose, CA campus of Cisco Systems.

"Competitive Strategies in Complex Systems"”
December 4, 2006 to December 6, 2006 by Alidade Inc. and Strategic Studies Group. Held in
Newport, RI.

"Flows on Distributed Networks™

July 30, 2007 by David Krakauer (SFl)

“Flows on Distributed Networks"with SFl Researcher David Krakauer. Co-hosted by The Boeing
Company, held in Seattle, WA

"Conflict, Robustness, and Creativity"

September 6, 2007 to September 7, 2007 by Jessica Flack (Research Fellow, Santa Fe Institute)
This Topical Meeting is co-presented with CNO Strategic Studies Group and will be held in
Washington, D.C.

"ARCS 2007 (Adaptive and Resllient Computer Security) Workshop"

September 27, 2007

ARCS 2007 is the sixth meeting of a workshop designed to bring together senior industrial
researchers, policy makers and leading academics in the area of adaptive approaches to computer
security. Co-hosted by the Santa Fe Institute, BT, and the British Computer Society and held at the
Imperial War College, London.

"Diversity Collapse: When, Where, and What are the Consequences?"

November 2, 2007 to November 3, 2007 by Eric Smith (SFI)

Annual Business Network and Board of Trustees' Symposium "Diversity Collapse: When, Where,
and What are the Consequences?” Co-organized by SFI Researcher D. Eric Smith, held in Santa Fe,
NM




February 7, 2007

* Public Lecture—"More than Pretty Pictures: The Power of Images in Science,” Felice Frankel
(Senior Research Fellow in the Faculty of Arts and Sciences at Harvard University, where she heads
the Envisioning Science program at Harvard's Initiative in Innovative Computing (lIC). She holds a
concurrent appointment as a research scientist at the Massachusetts Institute of Technology. She is
the author of Envisioning Science, The Design and Craft of the Science Image), 7:30 PM to 9:00 PM

James A. Little Theater.
March 14, 2007

* Public Lecture—"The Difference: How the Power of Diversity Creates Better Groups, Firms, Schools
and Societies,” Scott E. Page (Professor of Complex Systems, Political Science, and Economics at
the University of Michigan and External Faculty Member of the Santa Fe Institute. He is author of The
Difference and coauthor of Complex Adaptive Social Systems (Princeton)), 7:30 PM to 9:00 PM,

James A. Little Theater
April 18,2007

* Public Lecture—"Inevitable Life?," D. Eric Smith (Professor at the Santa Fe Institute and senior
member of SFI's Frontiers in Integrative Biological Research (FIBR) program supported by the
National Science Foundation), 7:30 PM to 9:00 PM, James A. Little Theater

May 9, 2007

* Public Lecture—"New Mexico's Renewable Energy Future,” Ben Luce (Physicist at Los Alamos
National Laboratory, is Director of the New Mexico Coalition for Clean Affordable Energy), 7:30 PM
to 9:00 PM, James A. Little Theater

June 13, 2007

* Public Lecture—"Stylish Mathematics,” Dan Rockmore (Professor of Mathematics at Dartmouth
College and External Professor at the Santa Fe Institute. He is the author of Stalking the Riemann
Hypothesis and co-author of Music and Computers: A Theoretical and Historical Approach
Rockmore is a semi-regular commentator for Vermont Public Radio; his essays and reviews appear
in the New York Times, Dallas Morning News, and other media), 7:30 PM to 9:00 PM, James A. Little

Theater, New Mexico School for the Deaf.

July 25,2007

* Public Lecture—"Sexual Violence during War," Elisabeth Wood (Professor of Political Science at
Yale University and Professor at the Santa Fe Institute. She is the author of Insurgent Collective

ction and Civil War in El Salvador and Forging Democracy from Below: Insurgent Transitions in

Ac
South Africa and El Salvador), 7:30 PM to 9:00 PM, James A. Little Theater, New Mexico School for

he Deaf
August 15,2007

* Public Lecture—"Investor Behavior and Market Efficiency,” Terrance Odean (Willis H. Booth
Professor of Banking and Finance at the Haas School of Business, University of California at
Berkeley), 7:30 PM to 9:00 PM, James A. Little Theater, New Mexico School for the Deaf.

October 17,2007

* Public Lecture—"Borders and Gateways: Computer Networking in Everyday Life,” Stephanie
Forrest (Professor and Chairman of Computer Science at the University of New Mexico in
Albuguerque and a Professor at the Santa Fe Institute. Professor Forrest is a member of the Adaptive
Computation Group at UNM, where she studies adaptive systems, including genetic algorithms,
computational immunology, biological modeling, and computer security), 7:30 PM to 9:00 PM,

James A. Little Theater, New Mexico School for the Deaf.
November 14,2007

* Public Lecture—"Technology Creating Technology,” W. Brian Arthur (External Professor at the
Santa Fe Institute and Visiting Researcher, Intelligent Systems Lab, PARC. Formerly he was Dean
and Virginia Morrison Professor of Economics and Population Studies at Stanford. He has been
associated with SFl since 1987. He is currently writing a book: The Nature of Technology, to be
published by Simon & Schuster), 7:30 PM to 9:00 PM, James A. Little Theater, New Mexico School
for the Deaf.




Workshops and Working Groups are an “Engine” of

SFI Science

2006

In 2006 nearly 425 researchers participated in

permit members

FI's numer

site “virtual

laborations to come together e as a mechanism to

catalyze new interdisc

linary networks

January 6 - 8 “The Evolution of Gene Re:

by David Krakauer (SFl) and Tanya E organized by G Wood (SFI), David Campbell

University of lllinois, Chicago) (Boston University), and Simon Levin (Princeton University)

January 21 - 22 “Adventures in |

May 23 “Annual Science Writers’ Workshop,” organized by Susan

Ballati (SF1). Held 2

(MIT) and Ginger Richardson (SFI) the Santa Fe Institute

February 8 — 11 “General Patterns of Migrations,” organized by llia May 29 - June 2 “From Vent Chemistry to Biochemistry

by Harold

organized

Peiros (SFI) Morowitz (George Mason University/SFl) and D. Enc

Smith (SFI
February 9 - 11 “Foundations of Cooperation in the Commons.

i by Juan Camilo C as (Universidad de Los Andes

June 4 - 30 “Complex Systems Summer School - Santa Fe

3ogota, Colombia), held in Bogota ore (Dartmouth College/SFl). Administered

College
February 17 - 19 “The Evolution of Inequality: The Long-Term
Dynamics of Segmentation, Stratification, and Unequal Reward

June 28 “Scaling and Growth of Complex Networks,” co-hosted by

organized by Samuel Bowles ( SFI and Business Network member The Boeing Company, held in

Seattle
March 17 - 18 “Roadmap for Complex Adaptive Systems Science

Education

organized by Ginger Richardson (¢ July 6 - 8 “Degeneracy and Complexity in the Immune S

organiz:

(LANL/SF

d by Eli Sercarz (Torrey Pines Institute), Alan Perelson

April 24 - 28

hosted by SFI and Business Netowork Argonne National Laboratory

gent-Based Modeling and Simulation Course,” co

Irun Cohen (Weizmann Institute of Science)

tems Summer School - Beijing,”

July 9 - August 4 “Complex Sy g

co-directed by David P. Feldman (College of the Atlant

and Chen Xiao-Song (Institute for Theoretical Physics, CAS).

onsored by SFI in cooperation with the Institute of Theoretical
Physics and the Graduate School, Chinese Academy of Sciences

(CAS), held in Beijing

July 16 - 23 "Foundations of Theoretical Medicine,” organized by

David Krakauer (SFl)

July 18, 2006 “Evolv

Network member CISCO.

and Business

e,” co-hosted by S

d

rgy Laboratory) and Geoffrey

August 7 - 8 “Energy Futures Workshop Planning Meeting,” organiz:

by Doug Arent (National Renew:

@

August 14 “Cognition and Cosmology: New Mo r Understand-

ing Mesoamerican Southwestern and Southwestern Relations and

Culture Change during the Prehistoric Era,” orgar

by George

Gumeman (School of American Research/SFl) and Tim Pauketat

rsity of lllinois, Champagne-Urbana)

(Unive:

September 10 - 12 “EARTHTIME III: Probing the Limits of Temporal
Resolution in the Geological Record,” organized by Doug Erwin

(Smithsonian Institution/SFI)

September 15 - 19 “Global Internatior

Program Fellows

rganized by Shannon Larsen (SFI)

September 28 - October 1 “Unifying Current Theories of Ecology,”

gal

ized by Drew Allen (University of California, Santa Barbara)

Jessica Green (University of California, Merc e Hubbell

(University of Georgia and Smithsonian Tropical Research Inst

Chile and former SF|

and Pablo Marquet (Catholic University of

Intemational Fellow)

October 4, “Complex Adaptive

ystems Applications,” co-hosted by

SFl and Business Network member BT, held in London

October 19 “New Perspectives on Risk,” co-hosted by SFl and

Network members Cr

Busin

Suisse and Legg Mason Capita
Management. Organized by Michael Mauboussin (Legg Mason
Capital Management) and Eric Beinhocker (McKinsey Global

Institute), held in New York City

October 23 - 27 “Robustness of Lowland Tropical Rainforests,”

organized by Lisa Curran (Yale Univers

/SFI) and J. Stephen

Lansing (University of Arizona/SF1)

October 31 - November 2 “Modern Malware: Underlying Causes and
Potential Solutions,” organized by Matt Williamson (Sana Security,
Inc), Esther Dyson (Release 0.9/SF1), and Stephanie Forest

(University of New Mexico/SFI)

November 1 - 2 "ARCS (Adaptive and Resilient Computer Security)

Workshop,” organized by Robert Ghanea-Hercock (BT) and

Shannon Larsen (

November 3 - 4 “Business Network and Board of Trustees

Symposium — Infectivity” organized by Doug Erwin (Smithsonian

Institution/SF1), C.C. Wood (SF1), and Shannon L

n (SFI1)

November S “Board of Trustees Meeting,” organized by Bill Miller

(Legg Mason Capital Management) and Geoffre

December 4 - 6 “Competitive Strategies in Complex Systems,” co-

presented by SFI and Business Network members Alidade Inc. and

CNO Strategic Studie: oup, held in Newport




Informal Lessons from SFI’s Experience as a
“Continuously Evolving Experiment”

Independence has both advantages and liabilities
“Bottom-Up” rather than “Top-Down”
Relatively small size allows nimbleness and flexibility

Emphasis on small, high-risk/high-payoff investments that can
grow upon initial successes or be quickly redirected

Diversified sponsor/donor/funding portfolio
Mulit- and Trans-disciplinarity are means not ends
Most valuable collaborations arise from diversity

Don’t believe your own promotional materials!

i SANTA FES
NSTITUTE

Celebrating 20 years of Complexity Science




Thank You

Questions?









