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Behavior space is denser than program space.

−→ we can build a bigger map.
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−→ defines a maximally dense space.
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Programs are just elements of an algebra

I a few constants
(which constants = which language in family)

I a binary operation (function application)

I a few equations (or inequalities)

Try computational algebra methods:
Todd-Coxeter algorithm builds a group
Generalize to non-associative algebra
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Start with basic programs, say S,K,J
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I choose two random programs

I apply one to the other (add row+column)

I enforce simple algebraic rules
sometimes merging programs (slow)

When map gets too big, randomly prune programs
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Making a map: a large example

2. an order relation table
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see interactive maps...
www.math.cmu.edu/~fho/johann/
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Complexity

Kolmogorov’s view: complexity is a norm

Solomonoff’s view: complexity is−log(probability)

so consider...

a probability space of programs
parametrized by a language

(= weighted set of basic programs)

now we have...

a space of languages: information manifold
=⇒ Riemannian manifold
=⇒ differential manifold
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So What?



How to find a simple language

Goal: map interesting programs

Constraint: limited space and time

so find a language that makes
interesting programs simple

We know many interesting programs.
Language space is a Riemannian manifold.

so collect a training set of programs
do gradient descent to minimize its complexity
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Potential Applications

Program simplification

using database of simplest rewrites

Software analysis
refactor based on spatial proximity

Universal Bayesian filtering
practical Solomonoff induction?

Programming by searching
calibrate search with examples
Bayesian foundation for genetic programming
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