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Who are we?

SANTA FE INSTITUTE

* 60 Participants
— 24 females
* 20 Nationalities
* Scientific backgrounds:
— 21 Life sciences
— 13 Math/Physics/
— 6 Comp.Sc.
— 18 Social sciences
— 3 Engineering

Fields of research

SANTA FE INSTITUTE
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Who am I? ) v oo CSSS: Who = Who? )

F‘@,‘ SANTA FE INSTITUTE
)

* Sander Bais .
— University of Amsterdam ° Jun'per Lovato
e for T * John Paul Gonzales

Institute for Theoretical Physics
Institute for Interdisciplinay Studies
— SFI (external faculty member)

* Miguel Fuentes and Josh Garland

o . .
* HEP, Part.Phys., Rel.Cosm., Cond.Mat., Stat.Phys., Top.Quant.Comp Gmger Richardson

— Field theory, Relativity, String theory, CFT, TQFT
— Topological features, (gauge and quantum) symmetries,
dualities, phase structures, modelbuilding

* Food etc

* Computational facilities etc
¢ Shuttle services etc

¢ Other business

* Popular Books:

— The equations

— Very Special Relativity
— InPraise of Science
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SFI: history

* The Santa Fe Institute

* Founded in 1984 by small group of distinguished
scientists, including 3 Nobel Laureates

Strange Bedfellows

Vi cacly what s g on o  fomer onven in St e, New Mexio

]

George Cowan Murray Gell-Mann

Dr. Phil Anderson Dr. Ken Arro

SFI: A distributed network

SANTA FE INSTITUTE

~6,000 Visitors Days
Each Year

~2 Dozen

Workshops/

Working Groups
per Year

Substantial Education & Outreach
+ ~180 students in annual Complex Systems Summer
Schools (Santa Fe, Beijing & Argentina)

+ Global Sustainability Summer School new in 2009
-A inning science curricul

« Lecture series (14 in 2008)

Source: SFI
“Through October

Slide: M.Mitchell

17 Resident Faculty

15 Omidyar Postdocs

98 External Faculty

(including 6 members of the
National Academy of Science)

SFI

(non-tenure)

26 Staff

Governance (includes Science
Board with 7 Nobel Laureates)

Substantial Publications
in Journals this Year*

- 117 published papers

- 45 SFI working papers

~6,000 Citations Each
Year

3 International
Fellows

SANTA FE INSTITUTE

SFI: Research goals

SFlis a research institute that

* “pursues research on a large number of highly
complex and interactive systems which can be
properly studied only in an interdisciplinary
environment”

and

* “promotes a unity of knowledge and a recognition of
shared responsibility that will stand in sharp contrast
to the present growing polarization of intellectual
cultures.”
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SFI: 1984-2014

SANTA FE INSTITUTE

Education in complexity

As SFl turns 30, we reflect on our first three decades in which a
signature approach to science was born, a new science based on a
revolutionary spirit and a dedication to inquiry without boundaries.
We also look ahead to the next 30 years in which we will behold new
horizons gained through a renewed commitment to the history and
precepts that have shaped SFl and made it the intellectual hub of
complex systems research worldwide. At SFI’s core are exceptionally
curious and talented people — some of the great scientific minds of
our day. The connections that our scientists make — connections
that link fields, ideas, and each other — result in a distinctive
opportunity for innovative thinking about some of our most pressing
problems. Our transdisciplinary approach gets to the heart of these
issues, helping us gain fresh scientific insights — insights that, if used
wisely, offer hope for improving the human condition.

| have been working in this area for over thorty years now and, in that
setting, | feel we, or at least |, have failed our students. To my taste,
there has been too little synthesis and too much competition. The
result is dilution of the original spirit and insight. (How ironic for a field
whose central goals is to understand emergence.) One central cost has
been a lack of cooperation to build training programs.

On the up side, much progress has been made in the research arena.
Now is the time to take the (perhaps substantial) effort to rework
those results so that students can be introduced to te concepts
systematically.

The goal is that they learn deeply enough to extend them creatively to
attack the many remaining, truly complex problems.

Jim Crutchfield

SANTA FE INSTITUTE

SFI: Outreach and educationt§

SANTA FE INSTITUTE

SFI: Output

* Complex Systems Summer School

* Computational Social Sciences Summer School

* Global Sustainability Summer School

* Graduate and undergraduate research opportunities

* K-12 student and teacher science education (e.g.,
“Project GUTS”, GUTsy Girls, High School Science
Excellence Awards, etc.)

* “Exploring Complexity” short courses, MOOCS
* Topical short courses

* Working paper series

* Book series (published by Oxford University Press)

* Bulletin of the Santa Fe Institute

* Colloquia, seminars, etc. on video and in public media
* Complexity Explorer web site

* Prototype of a Complexity Institute
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SFI: Goals of the CSSS

* For you to come away with much more and much
deeper understanding of the range, significance, and
current directions of complex systems science.

* To help provide new ideas and tools for understanding
complex (biological, social, financial, computational,
physical) systems and their behavior.

* For you to find novel ways to apply the information and
methods you learn here in your own research context.

* Form a horizontal transdisciplinary network with fellow
participants sharing insights, experiences, and
inspiration.

SFI: research profile

] SANTA FE INSTITUTE

Themes:

Projects:

)] SANTA FE INSTITUTE

SFI: Research profile

ITA FE INSTITUTE

SFI CSSS
¢ Behavioral Dynamics

* Evolution & Emergence

¢ Information & Computation

* Physics of Complexity

* Robustness & Innovation

uuuuuu
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CSSS: Core curriculum

Evolution

SANTA FE INSTITUTE

[Wagner]

Physicslab

e [Hubler]

Economics
[Farmer]

Computatio
[Moore]

Ecological
networks
[Dunne]
Cities .
Information
[West Th
eon i
Bettencourt v LM;;:;::
Hamilton] [DeDeo] i
[Lescovic]

Complexity

Networks
[Clauset]

Social
evolution
[Ortman]
Complexity
Information Infectuous
[James] disease
[Althouse/

Maximum Scarpino]
Entropy

[Harte]

SANTA FE INSTITUTE

Maps and

- flows
Scaling in

cities [Garland]

Emergence
[Fuentes]

Evolution
on earth

[Ferrada]

Nature of
[Bettencourt | Ll
Hamilton] [Arthur]

and models

Symmetry :
breaking

Santa Fe
[Lovato]

Quantum
computation

[Andrist]
e

Evolution of [Althouse]
biocomplexity.

[Libby]

[Kandler]

SFl: Research profile

SANTA FE INSTITUTE

SFI CSSS

* Physics and Computation of :
Complex Systems

* Human Behavior, Institutions,
and Social Systems .

* Living Systems: Emergence,
Hierarchy, and Dynamics .

Chris Moore: Nature of
Computation

Ryan James: Complexity/
Information

Melanie Mitchell: Agent based
modeling

Joshua Garland: Dynamics Lab
Alfred Hubler: Computer Lab
Jure Lescovics: Machine learning

Rubin Andrist: Quantum
computation

SFI: Research profile

SANTA FE INSTITUTE

SFI

* Physics and Computation of
Complex Systems

¢ Human Behavior, Institutions,
and Social Systems

* Living Systems: Emergence,
Hierarchy, and Dynamics

CSSS

e Doyne Farmer: New economics

* Aaron Clauset : Networks and
human dynamics

* Simon Di Deo: Information
theory

* Geoffrey West Bettencourt:
Cities

e Scott Ortman: Evolution of
social complexity

e Brian Arthur: Nature of
Technology
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SANTA FE INSTITUTE

SFI: Research profile

SFI CSSS
* Andrew Wagner: Evolution

* John Harte: Theoretical ecology,
maximum entropy.

e Althouse/Scarpino: Infectuous

disease
* Living Systems: Emergence, * Jennifer Dunne: Ecological
Hierarchy, and Dynamics networks
e Evandro Ferrada: Evolution on
earth

e Eric Libby: Emergence of
biocomplexity
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“The most important task for scientists is to search for the most
fundamental laws, from which a picture of the world can be deduced.
There is no logical path that leads to these elementary laws, only an
intuitive one, based on creativity and experience.

With such a methodological uncertainty one would think that an arbitrary
number of equally valid systems would be possible. However, history
shows that of all conceivable constructions always a single one did
stand out as absolutely superior to all others.”

“You see, one thing is, | can live with doubt and uncertainty and not
knowing. | think it's much more interesting to live not knowing than to
have answers which might be wrong. | have approximate beliefs and
different degrees of certainty about different things, but I'm not absolutely

sure of anything and there are many things | don’t know anything about,

such as whether it means anything to ask why we’re here...

| don’t know the answer. | don’t feel frightened by not knowing things

10-06-14

“Discovering its structure was wonderful. You must imagine the time
when proteins were black boxes. Nobody knew what they looked like.
There | was , having worked on this vital problem for twenty-two years,
trying to find out what this molecule looked like, and eventually how it
worked. When the result emerged from the computer one night and we
suddenly saw it, it was like reaching the top of a difficult mountain after a
hard climb and falling in love at the same time. It was an incredible
feeling to see this molecule for the first time and to realize that my work
had not been in vain: because during those long years | feared that |
was wasting my life on a problem that would never be solved.”



