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What is it?
Is it a computer? No!  It is

 

      an astronomical calculator

   <  a calculator

   <  a programmable calculator

   <  a computer
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What is a computer?
The story shows

the dominance of technology
the need to define what a computer is

We need to peel away the technology to
find the science behind it
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1936
The birth of computer science via:

3 inventions

3 discoveries

What was computing like before this?
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Lambda Calculus Turing Machines

The 1936 inventions
 

General Recursive
Functions
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 Halting Problem Universal Machines

The 1936 discoveries
 

Church-Turing
Thesis
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1: The Church-Turing thesis
Part 1:    GRF = LC = TM
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1: The Church-Turing thesis
Part 1:    GRF = LC = TM

Part 2:   no notation, system, language,
device for general computation invented
in the future will be any more expressive
than these
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In other words
The scientific notion of computation is a
very stable one, independent of how you
approach it

There is a computation barrier, a bit like
the speed of light, except that it is easily
attainable
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Birth of Computer Science
The thesis can't be proved mathematically,
so it isn't maths

It is independent of mechanism,
so it isn't technology

It can only be accepted by experience and
consensus, like any other scientific result,
so it is science - a new distinctive kind
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State machine inside

A B
1 >1 >2 #1
2 B3 >2 #1
3 >4 <3 >4
4 >1 A4 #1
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Turing's argument
Any computation can done by a human,
with paper

While carrying out precise rules, a brain
must be in a finite number of definitely
distinguishable states

The brain can be modelled by a TM with

say 101010 states

This is basically the Church-Turing thesis
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2: The Halting Problem
Turing found one problem which is not
computable: "given a Turing Machine table
and some data, check whether the
machine will halt"

This shows there is a limit on computation

And it gives one important practical
example: full analysis of programs
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3: Universal Machines
So far, each problem needs a new machine

Turing showed you can design one
machine, a UTM (Universal Turing
Machine), to solve all problems

And it is quite practical, not 101010 states
(original 100x10, smallest 4x6 or 6x4)
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Simulator
In Turing's UTM, the paper holds the table
from some other machine (e.g. the sorter),
and its input (BABBA) and some markers

The UTM keeps track of the state of the
sorter machine, and repeatedly looks up
the sorter's table to decide what to do

The UTM is a simulator, or emulator, or
interpreter, or stored-program machine
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The computer
This was the discovery of the computer

Turing's 1936 UTM was the first computer,
speaking scientifically, not technologically

A computer is any machine which is
universal = Turing-complete = capable of
simulating any other machine
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Testing
The discovery gives us a good test

The Antikythera mechanism was
definitely not a computer

A smart phone today definitely is a
computer
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The first computer?
You could say the first computer was the
human brain

Or that it was Turing's 1936 UTM

But which was the first technological
computer?

Presumably the first physical machine to
be universal
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The candidates

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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The candidates

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby

Applying the "universal" test to these is
problematic (infinite memory, rebuilding,
universal by accident)
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The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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programmable

The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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programmable
practical

The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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programmable
practical

electronic

The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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programmable
practical

electronic
general purpose

The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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programmable
practical

electronic
general purpose
stored program

The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby
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programmable
practical

electronic
general purpose
stored program

The prize-giving

1837 Analytical Engine
1941 Z3
1944 Colossus
1945 Eniac
1948 Baby

Let's say the first computer was a joint
effort between Germany, UK, USA
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Creation of a new universe
Called "the Game of Life"

Make it out of space, time, matter

Make space 2D, quantized into squares

Make time quantized into ticks

Make matter like the cells of organisms
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Laws of physics
Each square contains a cell, or is empty

If a square has 3 neighbours, a cell is born

If a cell has 2..3 neighbours, it survives

The numbers are 'fundamental constants',
chosen to make the universe interesting
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Formula
In a random universe where each square
contains a cell with probability p, you can
work out a formula for the probability of
a square having a cell after one tick:

p' =
    p * (p3*(1-p)5*56 + p2*(1-p)6*28) +
    (1-p) * (p3*(1-p)5*56)

p is also the population density
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Initial conditions
Everyone can investigate their own area of
the universe, by scattering or engineering
a pattern of cells at time t=0

After that, you just watch time pass
deterministically
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Exploration
Organisms can

evolve
grow
move
reproduce
communicate
"think"

The past can't be reconstructed, and the
future is not predictable except by 'wait
and see'
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Questions
Did "everything have to be precisely right"
to produce us?

Would any sufficiently interesting
environment produce life?

Are we alone?

Why is the universe interesting instead of
dull?
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Computer Intelligence
Event: In 1997 Deep Blue won a match
against the world chess champion

Significance: It used brute force - playing
chess does not imply intelligence

Event: In 2016 the computer AlphaGo won
a match against the world Go champion

Significance: It used learning - computer
intelligence is improving all the time
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Intelligence
Will computers ever have intelligence?

The weak concensus is yes, but then why
aren't computers intelligent now?

they are not fast enough ('using 10% of
your brain' means 1010 parallelism!)

we don't know enough about how the
brain works and can't mimic it
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Real or Artificial?
To check a computer's intelligence, you
have to talk to it - the Turing Test

Human: you are just a machine, you can't
write a symphony or paint a masterpiece,
can you?

Computer: No. Can you?

Genius, creativity, emotions, robot bodies,
are all distractions
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Summary of AI
Possible futures:

1. a limit emerges on how intelligent computers can
get (no sign, computers may soon rival dogs)

2. we learn how to mimic human intelligence, e.g. a
computer takes 18 years to gain an adult-level
intelligence (unlikely)

3. we develop a different kind of intelligence for
computers, like fixed-wing flight
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What's missing?
Do human minds have something that
computers can never have - free will?

maybe it is what you add to computation to get
intelligence
there is a current debate about whether humans
have it, let alone computers
it is closely related to determinism - are humans
'just' machines?
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Free will
Is free will special to humans?

the Yes tribe: Roger Penrose et al
the No tribe: Daniel Dennett et al
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Randomness
One yes idea is that randomness allows
brains to go beyond deterministic
computation

But if your decisions are random rather
than determined, you are still not
responsible for them ('you are just a
random machine' is still an insult)

Anyway, plenty of randomness is available
in the environment
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Quantum effects
The yes tribe says that there are quantum
effects in human brain microtubules

There are signs of biological quantum
effects, but they may not be relevant

Analogy: computers rely on quantum
tunneling of electrons, but the next layer
up converts the effects into a system of
deterministic bit manipulation
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Theorem
John Conway and Simon Kochen proved
the Free Will Theorem

if people have free will, so do particles

"Free will" just means "something happens
which is not deterministic, i.e. not a
function of history"

There is a dispute over interpretation, e.g.
does it apply to determinism+randomness
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Quantum computation
The yes tribe also says that brains might
be quantum computers

Quantum computation is hard to grasp:

its operations are restricted (reversible)
it does reach the computation barrier
it does not break the computation barrier
it does not break the "hard problem" barrier
it does break the "intermediate problem" barrier
(e.g. factorisation)
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The alternative
The no tribe says free will consists of:

deterministic computation

emergent properties

the environment - chaotic, controllable, it
teaches us and then tests us

The Game of Life is used for analogies
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Other arguments
Also in support of the no idea are:

some of the yes arguments smack of magic, but
God works through science
it is easy to give free will to computers
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Summary of free will
The ideas of the yes tribe are almost
impossible to believe

The ideas of the no tribe are almost
impossible to believe

Presumably one tribe must be more-or-
less right

Perhaps the answer requiring more
humility is more likely





Books
Ada's Algorithm (Ada Lovelace), James Essinger
The Thrilling Adventures of Lovelace and Babbage,
Sydney Padua (graphic novel)
Genius at Play (John Conway), Siobhan Roberts
Colossus, Jack Copeland et. al.
The Fabric of the Cosmos, Brian Greene
Things a computer scientist rarely talks about,
Donald Knuth
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