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Purpose of talk

• To find the elements characterizing the new science according to

S. Wolfram.
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Purpose of talk

• To find the elements characterizing the new science according to

S. Wolfram. (There are some new interesting features.)

• To analyze philosophical significance of these new elements. (I see

some interesting questions being raised, but I am bad in

philosophy.)

• To see if traditional science can help with the new one. (It

probably can.)

• To see implications of new science to traditional one (thus to

ours, as scientists, well-being). (Probably very few: New science is

not predictive).
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Not the purpose of the talk

• Criticize the citation and the presentation style.
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Not the purpose of the talk

• Criticize the citation and the presentation style.

• Criticize the (possible) immodesty of the text.

• Analyze social, ownership, and scientific conduct issues

connected to some results.

• Analyze other people reviews and opinions.
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Structure of the book and the talk

Chapters 1-6 Zoology of cellular automata and other simple

programs.
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Structure of the book and the talk

Chapters 1-6 Zoology of cellular automata and other simple

programs.(This is a complete and well developed part

that show some intriguing results.)

Chapters 7-9 Application to natural sciences.(Range from some

cute, but probably useless, to grand claims, which are

not supported by experiment, but are provocative and

not outright absurd.)

Chapter 10-12 The concept of computation.(Philosophical, but little

scientific value.)
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Simplest cellular automata

= 30
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Looks random, at least partially
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Other examples

Evolves to a simple fixed point.
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Other examples

Moves points to the right.
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Other examples

Superposition of nested structures. Randomness with structure.

Ilya Nemenman, KITP Colloquium, March 12, 2003 back to start



9

Other examples

Semi-random behavior.
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Other examples

Intricate behavior – interacting structures.
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Other simple programs

• 2-d, 3-d cellular automata (cf. Game Of Life)

• Multicolor, long range or memory cellular automata

• Mobile automata and Turing machines

• Substitution, multiway, and symbolic systems

• Register machines (common computers)
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Other simple programs

• 2-d, 3-d cellular automata (cf. Game Of Life)

• Multicolor, long range or memory cellular automata

• Mobile automata and Turing machines

• Substitution, multiway, and symbolic systems

• Register machines (common computers)

• Numbers for generating structure, randomness, or complexity

? arithmetic operations in different bases (remember linear congruential random number

generators)

? recursive sequences, continued fractions (roots, etc.), networks

? primes and important constants (e is nested, π is not)

? iterated maps and chaos
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complex, or to very random (But what is complex or random?)

• This holds for random and regular initial conditions

• For constrained systems (time reversal, symmetry, etc.) more

complex rules are needed

• Simple programs may generate complex output

• Beyond some threshold, adding complexity to rules does not

increase complexity.

• Only for few programs details of the output can be easily

predicted. (But why do we need details? Remember stat. mech.)
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• Constraints that are possible to satisfy exactly are bad at

producing complex behavior
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• Constraints that are possible to satisfy exactly are bad at

producing complex behavior

• Nothing interesting happens for finite systems and in 0+1

dimensional systems (Smells like stat. mech.)

• Not a single example of continuous system shown (continuous CA

are not good)
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• Exhaustive search and computer simulations
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What have we learned about ANKOS?

• Exhaustive search and computer simulations

• Complexity of the world may come from simple programs.
Intuition from traditional science . . . has always tended to suggest that unless one
adds all sorts of complications, most systems will never be able to exhibit any
relevant behavior.

• Threshold of non-short-cuttable complexity is low – traditional
science cannot study most systems and consciously limited itself.

With its strong emphasis on simple laws and measurements of numbers, physics has
normally tended to define itself to avoid complexity.

• Should focus on discrete simple systems and on evolution, rather

than constraints.
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Did we really not know that?

• Computers are used

• Computer simulations needed for finding positions of gas

molecules in the room, but these features are not predictive, and

we do not study them because it does not make sense (though see

below)

• Nothing is simpler than a harmonic oscillator, but a lot of them

make QFT (and us). (The analogy with QFT can possibly be

made more precise – ordered, random, critical phases. Governed

by strength of couplings, and thus by predictability and

information transmission.)
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Classification
Done on the basis of behavior for random initial
conditions (But we don’t know what randomness is).

Class 1 Evolves to a stable state. Insensitive to initial condition.
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Done on the basis of behavior for random initial
conditions (But we don’t know what randomness is).

Class 1 Evolves to a stable state. Insensitive to initial condition.

Class 2 Evolves to a periodic state (or approximately nested

state). Somewhat insensitive to initial conditions.

Class 3 Behaves randomly. Initial condition changes propagate

linearly.

Class 4 (Semi)-random structure on top of regular background.

Initial conditions changes propagate sublinearly. (Or on

top of a completely random background – see rule 18,

then the background is linearly sensitive to

perturbations, while foreground remain sublinear.)
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