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Non li n ear S ys tems:
Agent-Based  and  Comp u ter I nten s ive Mod el i ng

Scott  Page 
Uni ve r si ty of  M i chigan

Ric k Riolo
Uni ve r si ty of  M i chigan

K en K oll man
Uni ve r si ty of  M i chigan

The nonlinear  dynamics exhibited by complex s ocial systems  of ten pos e dif ficult problems  f or
modelers  of  thos e sys tems .  The problems  ar e especially challenging when modeler s  w ant to
captur e the w ay actor s in thes e s ys tems adapt to their envir onment, which us ually includes  other 
adaptive agents .  Humans can be ass umed to adapt their behavior  in light of  feedback f rom other 
individuals  or f rom collective actions  of  individuals , but until r ecently it has  been diff icult to model
this kind of adaptive behavior  in f ormal models.  The gr ow ing availability of computer s has  led to
a r ecent pr olif eration of  bottom- up, agent- bas ed models  of  complex adaptive systems .  Thes e
models  cons is t of a number  of inter acting agents .  Each agent's  behavior is  gover ned by a s mall set
of simple r ules , though it is typically ass umed that the agents  do not know  or  cannot calculate the
aggregate patter ns  r esulting f r om all agents'  actions .  Despite the simplicity of  the individual
agents ' cognitive and behavior al capabilities , the inter action of  the agents  can pr oduce complex
emergent s tructures and dynamical behaviors  of  individuals  and gr oups.  Thes e lectures  w ill give
an introduction to r ecent appr oaches  in computer  modeling of  complex s ocial systems , compar ing
them to mor e tr aditional mathematical (analytical)  appr oaches  and to the pr evious  generation of 
computer  s imulations  in the social s ciences .  In addition to descr ibing the methods  and techniques 
of this modeling appr oach, a number  of  s ocial science applications  w ill be r eview ed and analyzed.
S tudents  also w ill be able to r un and car ry out exper iments w ith implementations  of  s everal of the
models  dis cus sed in the lectur es. A dditional optional s ess ions will be available for those students
w ho w ish to lear n how  to modif y thos e models, or  w r ite their  ow n models , us ing the Sw arm
s imulation libr ary.

C lass  Sched ule

Week One - -  S cot t Page

July 24:  Introduction to Complex A daptive Systems , Compar is on of  M odeling Str ategies 
   Note:   W e will als o self- or ganiz e the evening hands- on com puter  s es s ions  at this  time

P age, Scott.  1999.  "Computational models fr om A to Z." 
   Complexity, vol 5 (1), pp35- 41.
J ohn H olland. 1992. " Complex A daptive Sys tems ."
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   Daedalus  121:17-30.
J ohn H olland. 1992. " Genetic A lgorithms." 
   Scientif ic A mer ican. J uly. pp. 66-72.

July 25:  "Emer gence?"  Micr o to M acro Tr ans itions

P age, S.  1999.  " On the Emergence of Cities." 
   Journal of  U r ban Economics, 45, pp 184-- 208.
Thomas  S chelling.  1978,   M icr omotives and M acr obehavior.
   Nor ton, New Y or k, 1978.  Selected chapters  TBA.
F or res t, S .  1990.   "Emer gent Computation: S elf -O r ganizing,
   Collective, and Cooper ative Phenomena in N atural and Ar tif icial
   Computing Networks ."    Phys ica D , V ol 42, pp1-- 11.
Crutchfield, James , M elanie Mitchell, and Rajars hi Das.  1999.
   "The Evolutionary Design of  Collective Computation in Cellular  Automata." 
   Paper  under s ubmis sion, available f rom:
   http://w ww .s antaf e.edu/pr ojects/evca/evabs tracts .html#EvD ens 

July 26:  Self Or ganized Cr itically

   Per  Bak.  1997.   How N atur e Wor ks.
      Selected Chapters  TBA.
   Is hii, P age and Wang.  1999.   " A  D ay at the Beach." 
      Forthcoming in Jour nal of  Complex S ys tems.

July 27:  Representation of  the Wor ld Complexity

P age, S.  1996.  ` ̀Tw o Measures  of D if ficulty.'' 
      Economic Theor y, 8, pp. 321-- 346.

July 28:  Diver sity and O ptimality

   Johns on, N or man.  1999.  "D ivers ity and Robus tness :  Collective P roblem S olving: F unctionality
      beyond the individual."   S ubmitted f or  publication.
      Online at http://is hi.lanl.gov/D ocuments /N LJ s ims_A B_v11.pdf 

H ong, L, and S. Page.   1999.
   "P r oblem S olving by Heter ogeneous  A gents ."   J our nal of Economic Theory ( f or thcoming).

Week Two - -   Rick Riolo

July 31:  Modeling Complex A daptive S ystems 

Bankes , Steve ( 1993)    "Explor atory Modeling f or  P olicy Analysis." 
      Oper ations  Res ear ch, 41( 3), 435- 449.
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Cas ti, J ohn  (1997)
      Would-Be Wor lds : How  S imulation is  Changing the F r ontiers  of  S cience.
      Wiley, NY .   P p 12- 31.
P ar unak, H . V an Dyke, S avit, Robert and Riolo, Rick.  ( 1998) 
      "A gent- Bas ed M odeling vs . Equation- Based M odeling: A  Case S tudy and U s er s'  Guide." 
      Pr oc. of Wor ks hop on M ulti- agent s ystems  and Agent-bas ed Simulation ( M ABS' 98) , S pr inger .
      Online at http://ww w .erim.org/~van/mabs 98.pdf  .

A ugus t  1:  Simulating S ocieties 

Eps tein, J oshua M. and Axtell, Rober t L.   (1996)
      Gr ow ing A r tificial S ocieties: Social Science fr om the Bottom-U p.
      The M IT P r es s.    S elected Chapter s  TBA .

A ugus t  2:  Who I nteracts  w ith Whom?

   Eps tein, J os hua ( 1997)     " Zones  of  Cooper ation."
      Santa F e I ns titute Wor ling Paper  S F I- 97- 12-094.
   Michael D. Cohen, Rick L. Riolo and Robert Axelr od  ( 1999) 
      "The Emer gence of  S ocial Or ganization in the Pr is oners '  D ilemma: How Context- Pr eservation
      and other  Factors  P r omote Cooper ation." 
      Santa F e I ns titute Wor king Paper  S F I- 99- 01-002.

A ugus t  3:  Emergence:  Co- Adaptation and Per petual Novelty

A rthur , Br ian W.  (1994)
      "I nductive Reas oning and Bounded Rationality."
      Amer . Econ. As s oc. P aper s  and Pr oc. 84:406-411.
Cas ti, J ohn L.  (1996)
      "S eeing the Light at the El F arol." 
      Complexity, 1: pp7- 10.
D . Challet and Y .- C. Zhang ( 1997) 
      "Emer gence of Cooper ation and Or ganization in an Evolutionar y Game."
      Phys ica A  246, p407.   O nline at:  http://xxx.s is s a.it/abs/adap- org/9708006
Bruce Edmonds  ( 1999) 
      "G os s ip, S exual Recombination and the El F ar ol Bar :  M oedling the Emr gence of 
      Heter ogeneity." J Ar tif icial S ocieties  and Social S imulation (J AS S S)  vol 2, no 3.
       http://w w w.soc.s ur r ey.ac.uk/J AS SS /2/3/2.html

O ptional:
 Lindgren, Kr is tian and N ordahl, Mats G. (1994)
" Cooperation and community S tr uctur e in A rtif icial Ecos ystems ."   A rtif icial Life, 1, pp15- 37.
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A ugus t  4:  Things That G o Bump in the N ight:  Ver if ication, V alidation and Related I ss ues 

A xtell, Rober t L. and Eps tein, Joshua M. (1994)
      "A gent- Bas ed M odeling: U nders tanding Our  Creations ." 
      The Bulletin of  the Santa F e I ns titute, Winter, 1994, p28-32.
M iller , John.  ( 1996) 
      "A ctive N onlinear  Tests ( AN Ts )  of Complex Simulation M odels ."
      Sante F e I ns titute Wor king Paper  96-03- 011.
A xtell, Rober t, Axelr od, Rober t, Eps tein, J os hua, and Cohen, Michael ( 1995) 
      Aligning S imulation Models: A  Case Study and Results 
      Santa F e I ns titute Wor king Paper  95-07- 065.
N ow ak, M ar tin and May, R.M .  ( 1992) 
      "Evolutionar y games  and s patial chaos ." 
      Natur e, 359, pp826- 929.
H uber man, Ber nar do A . and Glance, N atalie S . ( 1993) 
      "Evolutionar y G ames  and Computer  S imulations ."
      Pr oc. N atl. Acad. S ciences (U S A) , 90, 7716-18.
O ptional:
N ow ak, M ar tin, Bonhoeff er , S . and M ay, R.M.  ( 1994) 
      "S patial games  and the maintenance of  cooper ation."
      PN AS  (U SA ) , v91, pp4877- 4881.
F er renberg, A lan M ., Landau, D .P., and Wong, Y .J oanna  ( 1992) 
      "M onte Car lo S imulations : H idden Er rors  fr om 'G ood' Random N umber  G enerator s."
      Phys ical Review  Letter s 69( 23) .
      See als o N ew s and V iew s in Natur e V ol 372, 1 Dec 1994.

Week Three --  Ken Kollm an 

A ugus t  7:  Learning, Str ategies 

Rober t A xelrod. 1997. The Complexity of Cooper ation. New  Y or k:  Basic.
      Intr oduction, Chapter 1.
J ohn H . Miller. 1996.   " The Coevolution of  A utomata in the Repeated P r is oner' s D ilemma."
      Jour nal of  Economic Behavior and O r ganization 29:1.

A ugus t  8:  Models of Mar kets 

W. Br ian A r thur , J ohn H . H olland, Blake LeBar on, Richar d P almer , and P aul Taylor . 1997.
      "A ss et Pr icing Under  Endogenous Expectations  in an A rtificial Stock M arket."
       I n W. Br ian A r thur , S teven N . D ur lauf, and D avid A. Lane ( Eds ).
      The Economy as  a Complex System II .  Reading, M as s achus etts :  Addis on- Wesley. P p. 15- 44.

Leigh Tesf ats ion.  1997
" How Economis ts  Can G et A  Life, "  in W. Brian Ar thur, S teven Durlauf , and D avid Lange, eds .
The Economy as an Evolving Complex S ys tem I I.  Reading, MA :  Addis on-Wesley.
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A ugus t  9:  Models of Culture and N or ms 

   Rober t A xelr od. 1997. The Complexity of Cooperation.
      New Y or k:  Bas ic.    Chapters  3,7.

A ugus t  10:  Models of Domes tic P olitical Competition

   Ken K ollman, John Miller, and Scott P age. 1992.
      "A daptive Parties  and Spatial Elections ."
       A mer ican Political Science Review . 86:929-937.
   Ken K ollman, John Miller, and Scott P age. 1998.
      "P olitical P ar ties and Elector al Landscapes." 
      Br itish J our nal of P olitical S cience. 28:139- 58.
   Ken K ollman, John Miller, and Scott P age. 1997.
      "P olitical I ns titutions and S orting in a Tiebout M odel."
      Amer ican Economic Review . 87:977-92.

A ugus t  11:  Models of Inter national Relations 

Rober t A xelrod. 1997. The Complexity of Cooper ation.
      New Y or k:  Bas ic.    Chapters  4,6.
Lar s- Erik Ceder man. 1997. Emer gent A ctor s  in Wor ld Politics.
      Pr inceton: P rinceton U niver sity Pr ess .
      Selected chapters , TBA .
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