
MODELLING AND GENERATING COMPLEX EMERGENT
BEHAVIOUR

A thesis submitted for the degree of

Doctor of Philosophy

By

Kirsty Kitto

B.Sc.(Hons), B.Comp.Sci.

The School of Chemistry, Physics and Earth Sciences,

The Flinders University of South Australia

June 2006





Abstract

Despite a general recognition of the importance of complex systems, there is a dearth of

general models capable of describing their dynamics. This is attributed to a complexity

scale; the models are attempting to describe systems at different parts of the scale and are

hence not compatible. We require new models capable of describing complex behaviour

at different points of the complexity scale. This work identifies, and proceeds to examine

systems at the high end of the complexity scale, those which have not to date been well

understood by our current modelling methodology. It is shown that many such models

exhibit what might be termed contextual dependency, and that it is precisely this feature

which is not well understood by our current modelling methodology. A particular problem

is discussed; our apparent inability to generate systems which display high end complex-

ity, exhibited by for example the general failure of strong ALife. A new model, Process

Physics, that has been developed at Flinders University is discussed, and arguments are

presented that it exhibits high end complexity. The features of this model that lead to its

displaying such behaviour are discussed, and the generalisation of this model to a broader

range of complex systems is attempted.

Themes: contextuality and complexity; reductive failure; Process Physics; quantum the-

ories as models of complexity
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[264] Ming Li and Paul Vitányi. An introduction to Kolmogorov Complexity and its

Applications. Springer-Verlag, New York, 1993.

[265] Fabrizio Lillo and Rosario N. Mantegna. Symmetry ateration of ensemble retrun

distribution in crash and rally days of financial markets. European Physical Journal

B, 15:603–606, 2000.

[266] G. Lindblad. On the generators of quantum dynamical semigroups. Communications

in Mathematical Physics, 48:119–130, 1976.

[267] David Lindley. Where Does the Weirdness Go? Basic Books, London, 1997.

[268] Seth Lloyd. Microscopic analogs of the Greenberger–Horne–Zeilinger experiment.

Physics Review A, 57:1473–1476, 1998.

[269] D. A. Lockner, J. D. Byerlee, V. Kuksenko, A. Ponomarev, and A. Sidorin. Quasi-

static fault growth and shear fracture energy in granite. Nature, 350:39–42, 1991.

[270] I.A. Lubashevsky and V.V. Gafiychuk. Cooperative mechanism of self-regulation in

hierarchical living systems. Available at arXiv:adap-org/9808003, 1998.

[271] J.-F. Lyotard. The Postmodern Condition: a report on knowledge. Manchester

University Press, Manchester, UK, 1984.

[272] B. MacWhinney. Models of the emergence of language. Annual Review of Psychol-

ogy, 49:199–227, 1998.

[273] Ib Madsen and Jørgen Tornehave. From Calculus to Cohomology. Cambridge Uni-

versity Press, Cambridge, 1997.

[274] P.K. Maini, J.D. Murray, and G.F. Oster. A mechanical model for biological pattern

formation: a nonlinear bifurcation analysis. In B.D. Sleeman and R.J. Jarvis, edi-

tors, Proceedings of the conference on Ordinary and Partial Differential Equations

Dundee, June 1984, volume 1151 of Lecture Notes in Mathematics, pages 252–269.

Springer, 1985.

[275] Klaus Mainzer. Thinking in Complexity: the complex dynamics of matter, mind,

and mankind. Springer–Verlag, Berlin, 3 edition, 1997.

[276] B. Mandelbrot. Fractals: Form, Chance, and Dimensions. W. H. Freeman, San

Francisco, 1977.

[277] N.S. Manton. Geometry of Skyrmions. Communications in Mathematical Physics,

111:469, 1987.

222



[278] N.S. Manton and P.J. Ruback. Skyrmions in flat space and curved space. Physics

Letters B, 181:137, 1986.

[279] Robert E. Marshak. Conceptual Foundations of Modern Particle Physics. World

Scientific, Singapore, 1993.

[280] T. Martin. General Relativity and Spatial Flows: I. Absolute Relativistic Dynamics.

Available at: arXiv:gr- qc/0006029, 2000.

[281] W. Martin and Russell M.J. On the origins of cells: a hypothesis for the evolutionary

transitions from abiotic geochemistry to chemoautotrophic prokaryotes, and from

prokaryotes to nucleated cells. Philosophical Transactions of the Royal Society:

Biological sciences, 358:59–85, 2002.

[282] J. Matsukidaira, J. Satsuma, D. Takahashi, T. Tokihiro, and M. Torii. Toda–type

cellular automaton and its n-soliton solution. Physics Letters, A225:287–295, 1997.

[283] Tim Maudlin. Quantum non-locality and relativity: metaphysical intimations of

modern physics, volume 13 of Aristotelian society series. Blackwell publishers lim-

ited, Oxford, UK, 1994.

[284] John Maynard Smith. The Theory of Evolution. Cambridge University Press, Cam-

bridge, 1993.

[285] E. Mayr. Animal Species and Evolution. Belknap Press, Cambridge, Massachusetts,

1963.

[286] E. Mayr. Populations, Species, and Evolution. Harvard University Press, Cam-

bridge, Massachusetts, 1970.

[287] N. David Mermin. Hidden variables and the two theorems of John Bell. Reviews of

Modern Physics, 65(3):803–815, 1993.

[288] N.D. Mermin. Nonlocal character of quantum theory? American Journal of Physics,

66:920–924, 1998.

[289] AP Moller and R Thornhill. Bilateral Symmetry and Sexual Selection: A Meta-

Analysis. American Naturalist, 151(2):174–192, 1998.

[290] C.L. Morgan. Emergent Evolution. Northgate and Williams, London, 1923.

[291] Harold J. Morowitz. Energy Flow in Biology. Academic Press, New York, 1968.

[292] Margaret Morrison. Spontaneous symmetry breaking. In Brading and Castellani

[81], pages 347–361.

[293] P. K. Moser and J. D. Trout, editors. Contemporary Materialism: A Reader. Rout-

ledge, New York, 1995.

[294] John F. Muth. Rational Expectations and the Theory of Price Movements. Econo-

metrica, 29(3):315–335, 1961.

[295] Ernest Nagel and James R. Newman. Gödel’s Proof. New York University Press,
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