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Review of Numbers

N – Natural Numbers
The natural numbers are either {0, 1, 2, . . . } or
{1, 2, , . . . }, depending on who you are talking to. The
natural numbers are infinite but denumerable (countable).

Z – Integers
The integers are {. . . ,−2,−1, 0, 1, 2, . . . } and are also
infinite and countable.

R – Real Numbers
The reals are all infinite decimal representations of
numbers on the interval (−∞,+∞). They are infinite and
uncountable.
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Numerical Representation in the Brain

Humans and other animals share non-verbal
representations of numerical quantities.

These magnitudes suffer from scalar variability (noise).

They also obey Weber’s law: ∆I/I = k

Countable (N) and uncountable (R) quantities are likely
both stored as magnitudes.

Numerosity and duration are represented by the same
magnitudes
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Counting and Ordering

Subitizing is a non counting process for recognizing
numbers smaller than five.

Non-verbal counting process is likely shared between
humans and other animals.

We increment a counter that is represented by a
magnitude and compare it to our stored target.

Ordering of numbers is mediated by the magnitude
representation in the brain.

Large, close numbers take longer to order.

Abstract representations can be ordered.
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Binary Operations

Binary operations appear to be manipulations of internal
magnitude representations.

Addition

Rhesus macaques were able to select arrays of Arabic
numerals with the greatest sum.
Chimpanzees were able to select the numeral that was the
sum of two different, spatially separated numerals.

Subtraction

Rhesus macaques and the disappearing object.
’time-left’ paradigm.

Multiplication and Division

Weber’s law?
Arithmetic inference from behavioral effects.
Division??
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Alan Turing (1912-1954): Mathematician

Turing Machine

Turing Test

Me: Dylan, you’re going to run into something.
Why are you wearing that hat over your face?
Dylan: I’m a grinder soldier.
Me: What does a grinder soldier do?
Dylan: That means I eat crime.
Me: You eat crime? What does crime taste like?
Dylan: Oranges.

- Ken Jennings

Designed the Bombe
Simulated up to 36 German Enigma
machines to break their codes.

The Chemical Basis of Morphogenesis
(reaction-diffusion equations)

Fibonacci Phyllotaxis
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What is Computing?

This is a good question with conflicting answers.

Performing arithmetic operations and reporting on and/or
carrying out a prescribed action in relation to them. Does
not include counting.
(www.oalj.dol.gov/public/dot/refrnc/dotappb.htm)

Originally, the word computing was synonymous with
counting and calculating, and a computer was a person
who computes. Since the advent of the electronic
computer, it has come to also mean the operation and
usage of these machines, the electrical processes carried
out within the computer hardware itself.
(en.wikipedia.org/wiki/Computing)

Evaluation of algorithms.
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What is an Algorithm?

In 1900, mathematician David Hilbert addressed the
International Congress of Mathematicians in Paris and
presented 10 (out from 23) unsolved problems. The tenth
was to devise a test to determine if a polynomial has an
integral root.

Church-Turing thesis (1936): λ-calculus and Turing
machines.

An algorithm is a procedure (a finite set of well-defined
instructions) for accomplishing some task which, given an
initial state, will terminate in a defined end-state.
(en.wikipedia.org/wiki/Algorithm)

Examples: FOIL, TSP, others?
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What Problems are Computable (solvable)?

Not very many – with a very abstract definition of
problem.

In fact there are infinitely more unsolvable problems than
there are solvable ones.

In 1970 Yuri Matijasevič proved that there is no algorithm
to determine if a polynomial has integral roots.

So, how do animals without computers solve problems
(compute algorithms)? And how do they manage to solve
all of their problems when we know that many of their
problems can’t be computed?
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