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Santa	  Fe	  Ins/tute	  

!

!

•  60	  Par/cipants	  	  
–  24	  females	  

•  20	  Na/onali/es	  
•  Scien/fic	  backgrounds:	  

–  21	  Life	  sciences	  
–  13	  Math/Physics/	  
–  6	  	  Comp.Sc.	  
–  18	  Social	  sciences	  
–  3	  Engineering	  

!

Fields of Study

0" 2" 4" 6" 8" 10"

Anthropology"

Applied"Mathema8cs"

Ar8ficial"Intelligence"

Linguis8cs"

Biology""

Biophysics"

Biomedicine"

Computer"Science"

Ecology"

Economics"

Engineering"

Energy"and"Environment"

Evolu8on"

Evolu8onary"Game"Theory"

Machine"learning"

Math""

Neuroscience"

Physics"

Poli8cal"Science"

Urban"Planning"

Series1"

!

other languages 
listed: Fortran, 
SAS, PHP, SQL, 

Mathematica (6x), 
Lisp, Maple, Bash
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•  Sander	  Bais	  
–  University	  of	  Amsterdam	  
	   	  Science	  Faculty	  
	   	  Ins/tute	  for	  Theore/cal	  Physics	  
	   	  Ins/tute	  for	  Interdisciplinay	  Studies	  
–  SFI	  (external	  faculty	  member)	  
	  

•  HEP,	  Part.Phys.,	  Rel.Cosm.,	  Cond.Mat.,	  Stat.Phys.,	  Top.Quant.Comp	  
–  Field	  theory,	  Rela/vity,	  String	  theory,	  CFT,	  TQFT	  
–  Topological	  features,	  	  (gauge	  and	  quantum)	  symmetries,	  	  

	  duali/es,	  phase	  structures,	  modelbuilding	  	  

•  Popular	  Books:	  	  
–  The	  equa/ons	  	  
–  Very	  Special	  Rela/vity	  
–  In	  Praise	  of	  Science	  
–  -‐…	  
	  

!

•  Juniper	  Lovato	  
•  John	  Paul	  Gonzales	  
•  Miguel	  Fuentes	  and	  	  Josh	  Garland	  
•  Ginger	  Richardson	  

•  Food	  etc	  
•  Computa/onal	  facili/es	  etc	  
•  Shu^le	  services	  etc	  
•  Other	  business	  	  

!
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•  The	  Santa	  Fe	  Ins/tute	  	  
•  Founded	  in	  1984	  by	  small	  group	  of	  dis/nguished	  
scien/sts,	  including	  3	  Nobel	  Laureates	  	  

The Santa Fe Institute 
Founded in 1984 by small group of distinguished 
scientists, including 3 Nobel Laureates 

Dr. George Cowan 

Dr. Phil Anderson Dr. Ken Arrow 

The Santa Fe Institute 
Founded in 1984 by small group of distinguished 
scientists, including 3 Nobel Laureates 

Dr. George Cowan 

Dr. Phil Anderson Dr. Ken Arrow 

George	  Cowan	   Murray	  Gell-‐Mann	  

!

Slide:	  M.Mitchell	  	  

!

SFI	  is	  a	  research	  ins/tute	  that	  	  
•  “pursues	  research	  on	  a	  large	  number	  of	  highly	  
complex	  and	  interac7ve	  systems	  which	  can	  be	  
properly	  studied	  only	  in	  an	  interdisciplinary	  
environment”	  	  

and	  	  
•  “promotes	  a	  unity	  of	  knowledge	  and	  a	  recogni7on	  of	  
shared	  responsibility	  that	  will	  stand	  in	  sharp	  contrast	  
to	  the	  present	  growing	  polariza7on	  of	  intellectual	  
cultures.”	  	  
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As	  SFI	  turns	  30,	  we	  reflect	  on	  our	  first	  three	  decades	  in	  which	  a	  
signature	  approach	  to	  science	  was	  born,	  a	  new	  science	  based	  on	  a	  
revolu/onary	  spirit	  and	  a	  dedica/on	  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	  SFI	  and	  made	  it	  the	  intellectual	  hub	  of	  
complex	  systems	  research	  worldwide.	  At	  SFI’s	  core	  are	  excep/onally	  
curious	  and	  talented	  people	  —	  some	  of	  the	  great	  scien/fic	  minds	  of	  
our	  day.	  The	  connec.ons	  that	  our	  scien/sts	  make	  —	  connec/ons	  
that	  link	  fields,	  ideas,	  and	  each	  other	  —	  result	  in	  a	  dis/nc/ve	  
opportunity	  for	  innova/ve	  thinking	  about	  some	  of	  our	  most	  pressing	  
problems.	  Our	  transdisciplinary	  approach	  gets	  to	  the	  heart	  of	  these	  
issues,	  helping	  us	  gain	  fresh	  scien/fic	  insights	  —	  insights	  that,	  if	  used	  
wisely,	  offer	  hope	  for	  improving	  the	  human	  condi/on.	  
	  

!

I	  have	  been	  working	  in	  this	  area	  for	  over	  thorty	  years	  now	  and,	  in	  that	  
segng,	  I	  feel	  we,	  or	  at	  least	  I,	  have	  failed	  our	  students.	  To	  my	  taste,	  
there	  has	  been	  too	  li^le	  synthesis	  and	  too	  much	  compe//on.	  The	  
result	  is	  dilu/on	  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	  coopera/on	  to	  build	  training	  programs.	  	  
	  
On	  the	  up	  side,	  much	  progress	  has	  been	  made	  in	  the	  research	  arena.	  
Now	  is	  the	  /me	  to	  take	  the	  (perhaps	  substan/al)	  effort	  to	  rework	  
those	  results	  so	  that	  students	  can	  be	  introduced	  to	  te	  concepts	  
systema/cally.	  
	  
The	  goal	  is	  that	  they	  learn	  deeply	  enough	  to	  extend	  them	  crea/vely	  to	  
a^ack	  the	  many	  remaining,	  truly	  complex	  problems.	  

Jim	  Crutchfield	  

!

•  Complex	  Systems	  Summer	  School	  	  
•  Computa/onal	  Social	  Sciences	  Summer	  School	  	  
•  Global	  Sustainability	  Summer	  School	  	  
•  Graduate	  and	  undergraduate	  research	  opportuni/es	  	  
•  K-‐12	  student	  and	  teacher	  science	  educa/on	  (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)	  	  
•  Bulle/n	  of	  the	  Santa	  Fe	  Ins/tute	  	  
•  Colloquia,	  seminars,	  etc.	  on	  video	  and	  in	  public	  media	  
•  Complexity	  Explorer	  web	  site	  
•  Prototype	  of	  a	  Complexity	  Ins/tute	  
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•  For	  you	  to	  come	  away	  with	  	  much	  more	  and	  much	  
deeper	  understanding	  of	  the	  range,	  significance,	  and	  
current	  direc/ons	  of	  complex	  systems	  science.	  	  

•  To	  help	  provide	  new	  ideas	  and	  tools	  for	  understanding	  
complex	  (biological,	  social,	  financial,	  computa/onal,	  
physical)	  systems	  and	  their	  behavior.	  	  

•  For	  you	  to	  find	  novel	  ways	  to	  apply	  the	  informa/on	  and	  
methods	  you	  learn	  here	  in	  your	  own	  research	  context.	  

•  Form	  a	  horizontal	  transdisciplinary	  network	  with	  fellow	  
par/cipants	  sharing	  insights,	  experiences,	  and	  
inspira/on.	  	  

!

Themes:	  
	  
•  Physics	  and	  Computa/on	  of	  Complex	  Systems	  
•  Human	  Behavior,	  Ins/tu/ons,	  and	  Social	  Systems	  
•  Living	  Systems:	  Emergence,	  Hierarchy,	  and	  Dynamics	  

Projects:	  
	  
•  Ci/es,	  Scaling	  and	  Sustainability	  
•  Evolu/on	  of	  Complexity	  on	  Earth	  
•  Hidden	  Laws	  in	  Biological	  and	  Social	  Systems	  
•  Emergence	  of	  Complex	  Socie/es	  

!

SFI	  	  (Profile	  =	  Network)	  
•  Behavioral	  Dynamics	  
•  Evolu/on	  &	  Emergence	  
•  Informa/on	  &	  Computa/on 	  	  
•  Physics	  of	  Complexity	  
•  Robustness	  &	  Innova/on 	  	  

CSSS	  
A	  network	  of	  topics	  

output	  

process	  
process	  

grind	  

grind	  

grind	  

Schedule	  

!

  Shuttles 9:00-10:15 a.m. Break 10:45 - 12 noon Lunch 1:30 - 2:45 p.m. Break 3:00 - 4:15 p.m. 4:15-5:00p.m. Dinner 5-6:30/ Special Events Shuttles 

Sunday June 8       Check-in  11:00a.m.-5:00p.m.   Check-in  11:00a.m.-5:00p.m.   Check-in  11:00a.m.-5:00p.m. Check-in  11:00a.m.-5:00p.m. Welcome Reception 5:30-8:30pm Junior Commons Room 
SJC/Sander Bais welcome speech - In Praise of Science   

Monday June 9   Welcome from Sander 9-9:30 -Introduction to 
complexity - Melanie Mitchell 9:30-10:45 

10:45-11:00 
Break 

Introduction to complexity - Melanie Mitchell 
11:00-12:15   Nonlinear Dynamics - Liz Bradley   Nonlinear Dynamics - Liz Bradley Navigating the Summer School - John 

Paul Gonzales 
Dinner at St. John's College  - Sander Bais evening 

lecture on Symmetry Breaking   

Tuesday June 10   Nonlinear Dynamics - LAB - Josh Garland   Nonlinear Dynamics - Liz Bradley   Networks - Aaron Clauset   History of Santa Fe - Andrew Lovato Think about Project Ideas Dinner at St. John's College - Nonlinear Dynamics - LAB 
- Josh Garland 7:00-8:30pm   

Wednesday June 11   Nonlinear Dynamics - Liz Bradley   Networks - Aaron Clauset   Networks - Aaron Clauset   Introduction to Student Projects -  Fuentes and 
Garland 

Introduction to Student Projects -  
Fuentes and Garland Dinner at St. John's College    

Thursday June 12   Networks - Aaron Clauset   Evolution - Andreas Wagner   Physics Lab Lecture - Alfred Hubler   Physics Lab Lecture - Alfred Hubler Time to Work on Projects Dinner at St. John's College  - Alfred Lab Session 1 
7:00-9:00p.m.   

Friday June 13 @ SFI 8:30 Shuttle leaves 
to SFI Evolution - Andreas Wagner Break @ SFI Evolution - Andreas Wagner 

Lunch @ SFI 

Networks - Aaron Clauset Tea @ SFI 
2:45 pm Sand Tables - Steve Guerin SFI welcome BBQ @ SFI 5:00-7:30pm SFI welcome BBQ @ SFI 5:00-7:30pm -  7:30p.m. Shuttle Back to St. John's College  

Saturday June 14   Unofficial trip to Bandelier National 
Monument               Dinner at St. John's College  - Alfred Lab Session 2  

7:00-9:00p.m.   

Sunday June 15                   Dinner at St. John's College  - Alfred Lab Session 3 
7:00-9:00p.m.   

Monday June 16 vote on 
Tshirt   Scott Ortman -Urban Scaling and Social 

Complexity 
10:45-11:00 

Break Sam Scarpino -Infectious Disease    Intro to Omidyar Fellowship - Ginger 
Richardson 

vote on 
tshirt Time to Work on Projects Time to Work on Projects Dinner at St. John's College -Alfred Lab Session 4 

7:00-9:00p.m.   

Tuesday June 17    Eric Libby - Evolution of Biological Complexity   Time to Work on Projects   Ben Althouse- Infectious Disease   Time to Work on Projects Time to Work on Projects Dinner at St. John's College    

Wednesday June 18   Time to Work on Projects   Time to Work on Projects   Time to Work on Projects   Time to Work on Projects Time to Work on Projects Dinner at St. John's College    

Thursday June 19    Ryan James - Complexity     John Harte- Theoretical Ecology    Nix Barnett - Complexity - LAB     John Harte- Theoretical Ecology  Time to work on Projects Dinner at St. John's College      

Friday June 20 @ SFI 8:30 Shuttle leaves 
to SFI Ruben Andrist - quantum computing Break @ SFI  Ryan James - Complexity  

Lunch @ SFI 

 Ryan James - Complexity  Tea @ SFI 
2:45pm Nix Barnett - Complexity - LAB  Time to work on Projects Dinner at St. John's College 5:00p.m. Shuttle back to St. John's College 

Saturday June 21               

    

CSSS Dance 7:00pm-12:00am in the SJC Coffee Shop    

Sunday June 22                   

  

  

Monday June 23   Ecological Networks - Jennifer Dunne   Time to Work on Projects   Time to Work on Projects   Information Theory - Simon DeDeo Time to work on Projects Dinner at St. John's College    

Tuesday June 24   Ecological Networks - Jennifer Dunne   Information Theory - Simon DeDeo   Time to Work on Projects   Machine Learning - Jure Leskovec  Time to work on Projects Dinner at St. John's College   

Wednesday June 25   Machine Learning - Jure Leskovec   Sidney Redner - Complex Networks   Time to Work on Projects   Anne Kandler - matching models with data Time to work on Projects Dinner at St. John's College - Geoffrey West evening 
lecture   

Thursday June 26   Sidney Redner - Complex Networks   Cities Project - Luis Bettencourt   Time to Work on Projects   Time to Work on Projects Time to work on Projects Dinner at St. John's College   

Friday June 27 @ SFI 8:30 Shuttle leaves 
to SFI Cities Project - Marcus Hamilton Break @ SFI Cities Project - Luis Bettencourt 

Lunch @ SFI 

Time to Work on Projects Tea @ SFI 
2:45pm 

 Panel (Brian Arthur, Luis Bettencourt, Simon 
DeDeo, Jennifer Dunne) Time to work on Projects Dinner at St. John's College 5:00p.m. Shuttle back to St. John's College 

Saturday June 28                       

Sunday June 29               

      

  

Monday June 30   

Computation - Cris Moore 

  

Computation - Cris Moore 

  

Computation - Cris Moore 

  

The Nature of Technology - W. Brian Arthur Time to work on Projects Dinner at St. John's College - Pablo Marquet Evening 
Lecture   

Tuesday July 1   

Computation - Cris Moore 

  

Economics - Doyne Farmer 

  

Evandro Ferrada - Applied Evolution 

  

Time to work on Projects Time to work on Projects 

Dinner at St. John's College   

Wednesday July 2    

Economics - Doyne Farmer  

  

Time to work on Projects 

  

Computation - Cris Moore 

  

Time to work on Projects Time to work on Projects 

Dinner at St. John's College - Miguel Fuentes evening 
lecture 

  

Thursday July 3 @ SFI 

8:30 Shuttle leaves 
to SFI 

Presentations 

Break @ SFI 

Presentations 
Lunch @ SFI 

12-1pm 
Group Photo 1pm in pod B followed by 

more Presentations 

Tea @ SFI 
2:45pm 

3:30 Presentations 
Presentations/ Sander Bais Closing 

Remarks Farewell BBQ 5:00-7:00p.m. 

7:30p.m. Shuttle back to St. John's College  

Friday July 4   

Check-out/Departure 
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CSSS	  
Core	  

Nonlinear	  
Dynamics	  
[Bradley]	  

Complexity	  	  
Intro	  

[Mitchell]	  

Social	  
evolu/on	  
[Ortman]	  

Maximum	  
Entropy	  
[Harte]	  

Infectuous	  
disease	  

[Althouse/	  
Scarpino]	  Machine	  

Learning	  

[Lescovic]	  

Informa/on	  
Theory	  
[DeDeo]	  

Ecological	  
networks	  
[Dunne]	  

Computa/on	  
[Moore]	  

Economics	  
[Farmer]	  

Physicslab	  
[Hubler]	  

Evolu/on	  
[Wagner]	  

Complexity	  
Informa/on	  
[James]	  

Networks	  
[Clauset]	  

Ci/es	  
[West	  

Be^encourt	  
Hamilton]	  

!

CSSS	  
Topical	  
Lectures	  

Nonlinear	  
Dynamics	  
[Bradley]	  

Complexity	  	  
Intro	  

[Mitchell]	  

Social	  
evolu/on	  
[Ortman]	  

Maximum	  
Entropy	  
[Harte]	  

Infectuous	  
disease	  

[Althouse]	  
Machine	  
Learning	  

[Lescovic]	  

Informa/on	  
Theory	  
[DeDeo]	  

Ecological	  
networks	  
[Dunne]	  

Computa/on	  
[Moore]	  

Economics	  
[Farmer]	  

Physicslab	  
[Hubler]	  

Evolu/on	  
[Wagner]	  

Complexity	  
[James]	  

Networks	  
[Clauset]	  

Ci/es	  
[Be^encourt	  
Hamilton]	  

Maps	  and	  
flows	  

[Garland]	  

Evolu/on	  of	  
biocomplexity	  

[Libby]	  

Quantum	  
computa/on	  
[Andrist]	  

	  

Evolu/on	  
on	  earth	  
[Ferrada]	  

Scaling	  in	  
ci/es	  
[West]	  

Emergence	  
[Fuentes]	  

Nature	  of	  
Technology	  
[Arthur]	  

Symmetry	  
breaking	  
[Bais]	  

Matching	  data	  
and	  models	  	  
[Kandler]	  

Santa	  Fe	  
[Lovato]	  

!

SFI	  
•  Physics	  and	  Computa/on	  of	  

Complex	  Systems	  
•  Human	  Behavior,	  Ins/tu/ons,	  

and	  Social	  Systems	  
•  Living	  Systems:	  Emergence,	  

Hierarchy,	  and	  Dynamics	  

CSSS	  
•  Chris	  Moore:	  Nature	  of	  

Computa/on	  
•  Ryan	  James:	  Complexity/

Informa/on	  
•  Melanie	  Mitchell:	  Agent	  based	  

modeling	  	  
•  Joshua	  Garland:	  Dynamics	  Lab	  
•  Alfred	  Hubler:	  Computer	  Lab	  
•  Jure	  Lescovics:	  Machine	  learning	  
•  Rubin	  Andrist:	  Quantum	  

computa/on	  

!

SFI	  
•  Physics	  and	  Computa/on	  of	  

Complex	  Systems	  
•  Human	  Behavior,	  Ins/tu/ons,	  

and	  Social	  Systems	  
•  Living	  Systems:	  Emergence,	  

Hierarchy,	  and	  Dynamics	  

CSSS	  
•  Doyne	  Farmer:	  New	  economics	  
•  Aaron	  Clauset	  :	  Networks	  and	  

human	  dynamics	  
•  Simon	  Di	  Deo:	  Informa/on	  

theory	  
•  Geoffrey	  West	  Be^encourt:	  

Ci/es	  
•  Sco^	  Ortman:	  Evolu/on	  of	  

social	  complexity	  
•  Brian	  Arthur:	  	  Nature	  of	  

Technology	  
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SFI	  
•  Physics	  and	  Computa/on	  of	  

Complex	  Systems	  
•  Human	  Behavior,	  Ins/tu/ons,	  

and	  Social	  Systems	  
•  Living	  Systems:	  Emergence,	  

Hierarchy,	  and	  Dynamics	  

CSSS	  
•  Andrew	  Wagner:	  Evolu/on	  
•  John	  Harte:	  Theore/cal	  ecology,	  

maximum	  entropy.	  
•  Althouse/Scarpino:	  Infectuous	  

disease	  
•  Jennifer	  Dunne:	  Ecological	  

networks	  
•  Evandro	  Ferrada:	  Evolu/on	  on	  

earth	  	  
•  Eric	  Libby:	  Emergence	  of	  

biocomplexity	  

 The scientific 
method 

Falsification 

Informatics 
Simulation 

Dataprocessing 

Mathematics 
Logical consistency 
 Language of Nature  

Knowledge 
Awareness 

Technology 
Solutions 

   Three Frontiers  

 
 
 
 

Biggest                         Smallest 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Complexity 
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Cosmic Evolution One Nature -- One Science 

One Nature -- One Science Ultimate questions 

??? 

??? 
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Albert Einstein 1918 

“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.” 

Max Perutz 1994 

“Discovering its structure was wonderful. You must imagine the time 
when proteins were black boxes. Nobody knew what they looked like. 
There I 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 I feared that I 
was wasting my life on a problem that would never be solved.” 

Richard Feynman 1981 

“You see, one thing is, I can live with doubt and uncertainty and not 
knowing. I think it’s much more interesting to live not knowing than to 

have answers which might be wrong. I have approximate beliefs and 
different degrees of certainty about different things, but I’m not absolutely 

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

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

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

being lost in a mysterious universe without any purpose, which is the way 
it really is as far as I can tell, it doesn’t frighten me.” 


