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Overview	
  of	
  lectures

1.	
  Agent-­‐based	
  modeling	
  of	
  the	
  economy:	
  	
  The	
  
vision,	
  the	
  problems,	
  and	
  the	
  reality	
  
2.	
  A	
  physicist’s	
  perspec4ve	
  on	
  economics:	
  	
  	
  
– The	
  perils	
  of	
  scien4fic	
  cross-­‐dressing,	
  or	
  	
  
– a	
  case	
  study	
  in	
  how	
  to	
  have	
  an	
  unusual	
  career	
  

3.	
  	
  Toward	
  an	
  evolu4onary	
  theory	
  of	
  
technological	
  change	
  
– with	
  a	
  few	
  metaphysical	
  remarks	
  about	
  progress
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Ques4ons	
  Sander	
  challenged	
  us	
  with
• Did	
  science	
  choose	
  you	
  or	
  did	
  you	
  choose	
  it?	
  
• How	
  did	
  you	
  end	
  up	
  in	
  interdisciplinary	
  research?	
  
• What	
  was	
  your	
  career	
  like?	
  
• Is	
  it	
  hard	
  to	
  get	
  funding,	
  did	
  you	
  ever	
  feel	
  you	
  had	
  to	
  
compromise	
  on	
  interest,	
  subject	
  or	
  even	
  integrity?	
  

• Did	
  being	
  a	
  scien4st	
  change	
  your	
  view	
  on	
  life	
  and	
  the	
  world	
  in	
  
general,	
  and	
  in	
  what	
  sense?	
  

• How	
  is	
  science	
  going	
  to	
  help	
  solving	
  the	
  world’s	
  most	
  pressing	
  
problems?	
  

• What	
  are	
  the	
  scien4fic	
  problems	
  you	
  would	
  like	
  to	
  solve	
  
personally,	
  but	
  also	
  what	
  would	
  you	
  hope	
  could	
  be	
  achieved	
  in	
  
your	
  life4me	
  by	
  the	
  community	
  you	
  are	
  part	
  of?
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What	
  was	
  your	
  career	
  like?

• I	
  will	
  give	
  an	
  overview	
  in	
  this	
  lecture,	
  as	
  
background	
  to	
  why	
  I	
  have	
  taken	
  on	
  the	
  
challenge	
  of	
  building	
  a	
  quan4ta4ve	
  agent-­‐
based	
  model	
  of	
  the	
  economy.	
  

5



Do	
  you	
  recognize	
  this	
  man?
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Did	
  science	
  choose	
  you	
  	
  
or	
  did	
  you	
  choose	
  it?
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My	
  mentor:	
  
Tom	
  Ingerson
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How	
  did	
  you	
  end	
  up	
  	
  
in	
  interdisciplinary	
  research?	
  

(I	
  started	
  in	
  physical	
  cosmology)	
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Rolling ball on a circular track with counter-
spinning inside track



• Classical physics problem Newton could have solved.
– Measuring position and velocity at a given time determines 

future motion.  Wind resistance is main force

– complication due to tilt
• Motion of ball on perfect track isn’t chaotic; prediction 

is difficult because of:
–  circularity of wheel (like taking remainder in long division)
– imperfections in track and ball creates “turbulence”
– bouncing on cups (this is chaotic)

2(velocity) constant  velocity of change of rate ×=

Roulette
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Predicting chaotic  
time series 

(farmer and Sidorowich, 1987)

E ⇡ Ce(m+1)�1TN�(m+1)/D



The	
  early	
  days	
  of	
  complex	
  systems
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Metadynamics 
(with norman packard)

A metadynamics model is a dynamical systems model on a 
dynamic network. The dynamics induce changes in the network, 
which in turn induces changes in the dynamical system. 

For example, consider modeling a potentially infinite set of 
possible chemical reactions. 

Chemical kinetics are solved on a network of dominant 
reactions.  This network is defined by the set of existing 
chemical species, which can themselves change through time.  
As they change, they change the network. 

Key idea:  Evolution toward the adjacent possible (Kauffman).



Efficient	
  markets	
  theory

• No	
  arbitrage:	
  	
  It	
  is	
  not	
  possible	
  to	
  make	
  a	
  
consistent	
  profit	
  from	
  trading	
  in	
  financial	
  
markets	
  without	
  inside	
  informa4on.	
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Predic4on	
  Company

– One	
  of	
  the	
  earliest	
  purely	
  quan4ta4ve	
  funds	
  	
  	
  
– Founded	
  by	
  Norman	
  Packard	
  and	
  I	
  in	
  1991	
  
– Completely	
  automated	
  trading	
  
– I	
  le_	
  in	
  1999,	
  sold	
  to	
  UBS	
  in	
  2006	
  	
  	
  
– Volcker	
  rule	
  —	
  recently	
  sold	
  to	
  Millenium.	
  

• Basic	
  idea:	
  	
  Find	
  reproducible	
  paderns	
  in	
  
financial	
  4me	
  series	
  to	
  create	
  a	
  “financial	
  
cerebellum”
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My	
  vision

• Real	
  4me	
  tandem	
  simula4on	
  of	
  economies	
  of	
  
the	
  major	
  countries	
  of	
  the	
  world.	
  

• Inputs	
  directly	
  from	
  internet.	
  
• Coupled	
  to	
  other	
  social	
  models?	
  
• Used	
  by	
  central	
  banks	
  
• Teams	
  focusing	
  on	
  each	
  component,	
  e.g.	
  
households,	
  firms,	
  banks,	
  …
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Is it hard to get funding, did you ever 
feel you had to compromise on 
interest, subject or even integrity?

30



Scien4fic	
  method	
  in	
  economics

The	
  epistemology	
  of	
  economics	
  is	
  quite	
  
different	
  from	
  that	
  used	
  in	
  natural	
  sciences,	
  
par4cularly	
  in	
  regard	
  to	
  the	
  approach	
  for	
  
accumula4ng	
  and	
  explaining	
  empirical	
  facts.
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Mainstream	
  economic	
  theory
• Representa4ve	
  agents	
  
• Ad	
  hoc	
  choice	
  of	
  u4lity	
  func4on	
  
• Equilibrium:	
  	
  Each	
  agent	
  maximizes	
  u4lity,	
  taking	
  
all	
  of	
  the	
  others	
  into	
  account.	
  	
  Fixed	
  point.	
  

• Solve	
  in	
  closed	
  form.	
  
• Tradi4onal:	
  	
  perfect	
  ra4onality,	
  full	
  informa4on,	
  no	
  
ins4tu4onal	
  constraints,	
  …	
  

• Current	
  research:	
  	
  relax	
  “perfect”	
  assump4ons	
  
one	
  at	
  a	
  4me.
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Consequences

• Monolithic concept of theory:  Selfish 
optimization of preferences.

• Disjointed culture for models <=> data.
• Math vs. science
• Failure to use computers for simulation
• Lack of appreciation for complex systems
• Rational expectations equilibrium, 

representative agents, ...
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How to change economics?

Demonstrate that methods emerging from 
alternative epistemologies are more 
successful at explaining and predicting 
empirical phenomena.


Determine which theories have empirical backing

Catalogue empirical laws

Develop phenomenological theories matching data

Agent-based models
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Purpose of my professional life at 
present:  Show success of 

complex systems point of view in 
economics.
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