SPATIAL SIMULATIONS AND GAMES – FALL 16x.  (6 units)

Nicholas Gessler.

gessler@ucla.edu
http://www.bol.ucla.edu/~gessler/

This course is to be cross-listed with Design | Media Arts.

Monday, Wednesday, Friday 10:00 ‘til noon.   CLICC PC computer lab.
Enrollment Capacity:  14.

Time 1950 
Science is what we understand well enough to teach to a computer.  Art is everything else.  – Donald Knuth

Computer Science is not about computers.  It is about the kind of complex systems that we are.  – Marvin Minsky

Catalog Description:

Lecture and computer laboratory six hours.  This course introduces the languages of computation, simulation and gaming as new ways to describe, understand and predict the complex physical, social and cultural patterns of behavior that arise from much simpler processes.  The simultaneous interaction of many individual agents at a local level of description gives rise to many surprising and complex patterns of behavior at a global level of analysis.  In order to understand this phenomenon called emergence, participants will construct their own graphical multiagent worlds as laboratory experiments using elements of the C++ language for PCs.  This course provides an exploration and critique of the methods of processes of artificial life, artificial culture and evolutionary computation as they apply to research in the social, natural and physical sciences, humanities and the creative arts contrasting them with traditional modes of explanation.  No programming experience required.  P/NP or letter grading.

Grading:

Weekly assignments (50%), class participation (15%), and a final project (35%).

Week 1

Computation is a new way to represent the processes in the world.  As a new medium of description and entailment, computer languages differ substantially from natural languages, diagrams and mathematics.  Writing a simple computer program using Borland’s C++ Builder for the PC.  Programming project: Sierpinski’s Triangle.

Week 2

What is a computer?  A beginning in cryptography.  Mechanical, analog and digital, molecular, optical and quantum computing.  Biochips and the neuronal-silicon interface.  Reconfigurable logic and evolvable software and hardware.  What is a program?  What is a simulation?  Representing space in a computer: 0d point dynamics, 1d linear dynamics, 1.5d networks, trees, 2d aerial dynamics, 2.5d surfaces, 3d volumes and multidimensional, raster and vector spaces.  Representing multiple agency in a computer: parallelizing a serial computer with random, sequential and framewise updates.  Fredkin’s “cellular automata universe.”  Programming project:  Conway’s Game of Life.

Week 3

Representing interacting agents: how agents sense, think, and act; analogies to input, computation, output.  Cognizers and artificial intelligence.  Programming project: Segregation.

Week 4

Participant’s pre-presentations in class.  Representing a social ecosystem: how hierarchical groups of different agents and species learn, evolve and interact.  Programming project:  Predators and Prey.

Week 5

Representing learning and evolution: variation, selection and amplification.  Evolutionary Computation: neural networks, genetic algorithms, evolutionary programming and genetic programming.  Programming project: the Traveling Salesman Problem or Iterated Prisoner’s Dilemma with Choice and Refusal.

Week 6

Representing aggregation:  different models of structured growth and the creation of order.  Fractal Cities.  Programming project:  Flocking behaviors, community and city growth.

Week 7

Representing dispersion:  different models of diffusion and the creation of disorder.  Fractal Cities.  Programming project:  chaotic and dissipative systems.

Week 8

Representing trade in goods:  Artificial Societies.  Programming project:  Artificial Cultures.


Week 9

Representing information exchange:  Artificial Societies.  Programming project: Artificial Cultures.


Week 10

Participant’s final presentations in class.

Required Texts:

1. C++ Guide – The Ultimate Guide to C++ A Programming Language.  Bar Charts (1998).  A reference for the entire course, review it in week one.

2. The Pattern on the Stone – The Simple Ideas that Make Computers Work, by Danny Hillis.  Basic Books, New York (1998).  An easy and enjoyable read for week one.

3. Growing Artificial Societies – Social Science from the Bottom Up, by Joshua Epstein and Robert Axtell.  MIT Press, Cambridge (1996).  A quick read for the overall strategy by week three.  More in-depth reading will be assigned.

4. The Computational Beauty of Nature – Computer Exploration of Fractals, Chaos, Complex Systems, and Adaptation, by Gary William Flake.  MIT Press, Cambridge (1999).  Readings will be assigned each week.

Selections from Some of the Following Publications:

1. Fractal Cities, by Michael Batty and Paul Longley.  Academic Press, Harcourt Brace Jovanovich, London (1994).   Selected readings will be assigned. 

2. “Science: The Thinking Machine” in Time: The Weekly Magazine, January 23, 1950, pp. 54-60.

3. Ludwig von Bertalanffy.  “The History and Status of General Systems Theory.”  In Trends in General Systems Theory, edited by George J. Klir.  John Wiley & Sons, New York (1972) pp. 21-41.
4. A Computer Perspective – Background to the Computer Age, by the office of Charles and Ray Eames.  Harvard University Press, Cambridge (1990).

5. Nicholas Gessler.  “A Computationist Manifesto.”  Book Review of Growing Artificial Societies - Social Science from the Bottom Up. Joshua M. Epstein and Robert Axtell. (MIT Press 1996) Artificial Life 3:3: 237-242 (1997).
6. Cellular Automata Machines – A New Environment for Modeling, by Tommaso Toffoli and Norman Margolus.  MIT Press, Cambridge (1989).

7. Cellular Automata – Theory and Experiment, edited by Howard Gutowitz.  MIT Press, Cambridge (1991).

8. Spatial Behavior – A Geographic Perspective, Reginald Golledge and Robert Stimson.  Guilford Press, New York (1997).

9. The Society of Mind, by Marvin Minsky.  Simon & Schuster, New York (1985).

10. Blondie 24: Playing at the Edge of AI, by David Fogel.  Morgan Kaufmann, San Francisco (2001).

11. Turtles, Termites and Traffic Jams – Explorations in Massively Parallel Microworlds, by Mitchel Resnick.  MIT Press, Cambridge (1994).

12. Adventures in Modeling – Exploring Complex, Dynamic Systems with StarLogo, by Vanessa Stevens Colella, Eric Klopfer and Mitchel Resnick.  Teachers College Press, Columbia University, New York (2001).

13. Business Dynamics – Systems Thinking and Modeling for a Complex World, by John Sterman.  Irwin, McGraw-Hill, Boston (2000).

14. The Evolution of Human Societies – from Foraging Group to Agrarian State, by Allen Johnson and Timothy Earle.  Stanford University Press, Stanford (2000).

15. Culture and the Evolutionary Process, by Robert Boyd and Peter Richerson.  University of Chicago Press, Chicago (1985).

16. Constructing Frames of Reference – An Analytical Method for Archaeological Theory Building Using Ethnographic and Environmental Data Sets, by Lewis Binford.  University of California Press, Berkeley (2001).

Selections from Some of the Following Videos:

1. Why Computer Science is the Best Thing…  Marvin Minsky, Nara (1996).

2. Spies – Code Breaking.  Columbia House (1993).  46 min.

3. Simple Rules… Complex Behavior.  The Santa Fe Institute (1992).  13 min.

4. Tierra – Evolution in Another Universe.  Tom Ray and Linda Feferman.  Direct Cinema (1995).  22 min.

5. The World of Objects.  Hosted by Philippe Kahn.  Borland (1991).

6. Encapsulation and Inheritance in C++.  Mark Linton, Silicon Graphics.  Borland (1994).

7. Why Black Boxes are So Hard to Reuse.  Gregor Kiczales.  Borland (1994).

8. Genetic Programming – The Movie.  John Koza and James Rice.  MIT Press.  60 min.

9. Genetic Programming II – The Next Generation.  John Koza.  MIT Press.  

10. Genetic Programming III – Human Competitive Machine Intelligence.  Menlo Park.  45 min.

11. The Thirteenth Floor.  A film by Josef Rusnak.  Columbia Pictures (1999).  100 min.

12. Dark City.  A film by Alex Proyas.  New Line Cinema (1998).  100 min.

13. Artificial Life.  The Site, MSNBC (1997).  30 min.

14. MIT Leg Lab Distribution.  Artificial Intelligence Laboratory, MIT (1994).  10 min. 

15. The Electronic Canvas.  Karl Sims’ Galapagos.  Creative Television Associates and DeCordova Museum.   57 min.

Field Trips and Web Resources:

1. San Diego Supercomputer Center.
2. The Temple of Alife http://alife.fusebox.com/  
3. Topical Index http://www.sscnet.ucla.edu/geog/gessler/167-2001/index-topical.htm
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Note:

Details of this syllabus may be changed to accommodate new publications, research, events, opportunities for enrichment and the experience and interests of the participants.

