Artificial life and
artificial intelligence

A lecture by
Michael Ashley

Artificial life

Robots

MIT’s Ant farm project

Sojourner for the

exploration of Mars Light
Following

Overview

Avrtificial life

Robotics/nanotechnology

The exponential growth of computing power
The human brain as a computer

Can a computer be intelligent?

The near-term future for life on Earth
Speculations about the long-term future

Artificial life

Thomas Ray'’s Tierra, 1990.

Tierra implements a virtual “soup” of “creatures” in
computer memory.

Each “creature” is a short computer program that
fights for resources (CPU/memory) within the
computer.

The “creatures” can reproduce, and are subject to
random mutations and death through “old age”.
Tierra demonstrates a remarkable diversity of
behaviour, similar to organic evolution. E.g., parasites
evolve; there are periods of stability punctuated by
rapid evolution.

Boppers; Boids
Capow; DarwinPond

Robots, continued...

Biped Walking

Learning to walk




Robots, state of the art in 2004 Nanotechnology

Nanotechnology concerns the creation of
machines on a scale of nanometres.

It will allow computers of the future to
manipulate their physical environment.

In 1996, IBM created their corporate logo
using a machine to place individual atoms.
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Humans as machines

The internal structure of the human body

Joseph Jernigan was born in 1953.

At the age of 28 he killed a 75-year old man during a
robbery.

12 years later, at 12:15am on Aug 5, 1993, the state
of Texas injected Jernigan with lethal chemicals.

By 7am, Jernigan’s body was in the University of
Colorado, where it was frozen and sliced into four
0.5metre chunks.

The chunks were then cut into 1871 sections, each
1mm thick.

The slices were digitised, scanned, and are available
on-line as a 15 Gbyte archive, forming The Visible
Human Project.
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The Visible Human Project A human is a machine

Human beings are “simply” a collection of
nanomachines.

At the lowest level we consist of complex molecules
that are able to influence and manufacture other
molecules.

At an intermediate level we consist of cells.

The National Library of Medicine's . .

At a higher level we consist of muscles, bones, and
organs (of which the brain is our most impressive
example).

Visible Human Project cru)




The human brain

The brain contains about 100

billion neurons.

On average each has 1000

synapses.

Each synapse is able to

perform a simultaneous

elemental computation. A slice of .
Each synapse is capable of  Jernigan’s brain Aneuron;
200 computations per synapses are
second. shown as
The slowness of the orange dots.
synapses is compensated for

by their massive parallelism.

A Purkinje neuror
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Moore’s Law: the number of
transistors in a computer
doubles every 2 years

This is an example of exponential growth.

It has driven the computing industry since the
invention of integrated circuits in 1974.

Sometime in the next 15 years, we will reach a hard
physical limit to Moore’s Law.

Does this mean that the exponential growth in
computing power will stop?

NO! Just that we will need a new technology beyond
2-dimensional integrated circuits.

Exponential growth - an example

One grain of rice on the first square.
Two on the second.
Four on the third.

And so on, doubling with each
square.

The result?

At the half-way point, 4 billion grains
of rice (about one large field).

After 64 squares, you would need a
field twice as large as the Earth’s

Scanning a human brain

We have the technology today to destructively scan
each neuron in the human brain, although it would
take many decades to do one brain.

By 2030, we should be able to map every synaptic
connection non-destructively.

At which point we can reverse-engineer the “software
in our brain that makes us think.

It becomes possible to download your brain into a PC.

What would the PC think?

Exponential growth in computing -
historical data

1900 Babbage’s Analytical Engine.

1910 Mechanical calculators

1943 Colossus

1946 ENIAC

1951 Univac |

1960 IBM 1620

1966 IBM 360 model 75

1976 PDP-11

1979 DEC VAX 11/780

1982 IBM PC

1993 Pentium

2002 Pentium 4

The brain versus a Pentium 4
The brain 2 GHz Pentium 4

1 CPU (the brain) 1 CPU (Pentium 4)
100,000,000,000,000 Up to 10 simultaneous

The Emperor of China was surface. simultaneous calculations calculations
so impressed with the game NOTE: no one really noticed the 200 Hz clock speed 2,000,000,000 Hz clock
of chess, that he asked the problem until the half-way point. 20,000,000,000,000,000 speed
And that is where we are with calculations per second 4,000,000,000 calculations
computers today... 100,000 Gbytes of memory per second
1 Gbyte of memol

inventor to name his price.

October 25, 2006 October 25, 2006




And the winner is...

The brain, by a factor of 5 million in calculating ability, Tierra artificial life program
and 100 thousand in memory. Darwinpond

In fact, a Pentium 4 is about as smart as an insect. Robot walking

BUT, for how long will this situation last?

If the exponential growth in computing continues:

By 2025, a $1000 personal computer will have the
processing capability of the human brain.

By 2045, a $1000 computer will equal the capability of the
entire population of Australia.

By 2060, a $1000 computer will have 100 times the
processing capability of all the humans on Earth.
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Chess As of 11 May Shifting the goal posts

1997, the

Wr?r\d chess
champion is -
an IB Twenty years ago, the ability to play chess was
§%rggulgﬁue ) regarded as requiring human intelligence. Kasparov
P : stated that he doubted if computers would ever be
gggay, for able to beat the world’s best humans at chess.
you can
bﬁy aPC
Brogram that A decade ago, voice recognition was regarded as a
E?Sgoba“ng difficult problem, requiring human intelligence.
equal to an
'G“rgrn”('jat“)”a‘ Today, the ability to hold a “normal” conversation is
Master.. regarded as requiring human intelligence.

The exponential growth of The big questions:
computing - the future
Is it possible for a computer to be intelligent?

Is there something intrinsic about a human brain that
makes it impossible to simulate on a computer?

Is there such a thing as a “soul” that can not be
imparted to a computer?

October 25, 2006 October 25, 2006




The Turing test The Matrix

Human judges have conversations
with computers and with other
humans, using a simple terminal
interface.

If the humans can not identify the
computer, the computer is said to

have passed the Turing test. Sometime this century, humans battled with

machines, and lost.

Alan Turing, British The humans were then connected into a giant
mathematyician computer network called “The Matrix”.

The Matrix provided a sophisticated virtual reality by

N controlling the electrical signals entering each
The Loebner Prize is awarded person’s %rain. 9 9

each year to the best computer Some humans were able to leave the Matrix and
program enter the real world by feigning a malfunction.

Part human - part computer Can we stop the machines?

We are becoming more
dependent on computers
with each passing year.

In 1962, if you turned off all
the computers in the world, it
would have had little effect.
In 2006, the same
experiment would have
devastating consequences
(e.g., financial system
collapses, no electricity, no
water, no fuel, no public So. we can not stop

transport).
This process will accelerate. them. But this may not

There will come a point when be such a bad thing.
the machines are in control.
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The technological singularity The long term future for life on

_ _ Earth
Each new stage in technology provides more powerful tools to L . .
create the next stage. Machine intelligences will vastly exceed our own.

The rate of growth becomes so great that it is impossible to Machines will communicate in their own language(s),
predict the future over periods of years, months, or even days. using unbreakable encryption.

This is known as the technological singularity. Machines will be able to construct themselves and
It is predicted (by Kurzweil and others) to occur in about 2045. their environment.
Humans will become integrated with machines,
Read through replacement of key parts (ears, eyes,
Rainbow’s End memory, communication systems).
by Vernor Carbon-based humans will become obsolete, and a
Vinge liability that will have to be removed. We will have
evolved into machines.
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The long term future for Earth
The difficult questions:

Will the planet be covered
with machine intelligences,
or will there be a single 10-
metre cube in a bunker?

There is the very real possibility that the people in

Will the machines wish to this room will be immortal.
explore beyond the Earth?

What will the machines think
about?
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