Ariificial Intelligence s J/er 40 years old, It nas resulied in sorme
simart cornpuiation out nas revealed very liiile apout ine operaiion of
ine oraln, In receni years Al researchers nave aiiermoied o gui inis
rigni and nave specifically conceniraiad on modelling trne orain o iry
[0 reveal wnat mecnanisms are essenilal for nurnan and animzal
COMNSCIoUsness, Ir our own Work we nay erlmove ed inat several
mecnanisims are involved in maxing us conscious, Thnese

compuiational recnanisims creaie & 'self' in 2 percelved worldl
ensure Internal staites as & pasis for imaginaiorn, atiend o important
feaiures of our world, plan and exnipi [ife-preserving ermotions. This

leads to a clarification of many issues surrounding r*onsr*iou 1ess.
Are animals consclous? Wnait |5 the unconscious? Wnat is free will?
Becalse emotons are present In tnese compuiaiional models, it may
well pe nat a macnine will e pullt tnat enjoys Chrisimas,

J



British Computer Society, Oxfordshire
Christmas 2006

The Machine That Enjoys Christmas:
Whither Machine Consciousness?

Igor Aleksander FRENg
Emeritus Professor of Neural Systems
Department of Electrical and Electronic Engineering
Imperial College, London







ENJOYING



EMOTION



BEING
CONSCIOUS



WHY MACHINES?

UNDERSTANDING
BY BUILDING



SOME EMOTIONAL ROBOTS



Al — Spielberg (Kubrick)
David (Haley Joel Osment) Gigolo (Jude Law) 2002



Jewish Folk History: The Golem 1920



SOME REAL ROBOTS
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SOME EXCEPTIONS



Owen Holland’s CRONOS: £500K EPSRC grant for
‘Machine Consciousness’
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Why do we find it so hard to think of
a machine as heing conscious?

1. We are only SURE of our own consciousness.

2. We attribute it to other humans or optionally to other
animals. Plants ...?

3. We are not sure what consciousness is, let alone how to
instil it into a machine.



Crick’s ‘Astonishing Hypothesis' Paraphrased

“All our joys, sorrows, loves, hates, appreciation of
the world, Iiterature and good wine ... ... are a
function of the two fistfuls of porridge we call our
brain ."
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HOW DOES THE BRAIN CREATE MIND?

From Philosophy to the Frontiers of Science
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Certainly Not!

The engineering task:
understanding through building



Menu

What do some words mean?
The fast digital neuron

A kernel architecture

The depictive axioms

A demo

Some Important questions



THE CONSCIOUS MIND:
Defining some slippery concepts

Being Conscious:

Thought:
Sensation:

THE MIND

The capacity for conscious thought
that can occur In one person




WHAT DOES A SINGLE NEURON DO?




The Classical 1943 McCulloch and Pitts Neuron Model

What were they modelling?

What are the elements of this model?




Th “lassical 1943 McCulloch and Pitts Neuron Model

Wh

THIS IS NOI WIHAT VWA S

DONE TO CREATE A
COMPUTATIONAL
NEURON




WHAT DOES A SINGLE NEURON DO?
IT LEARNS TO RECOGNISE PATTERNS
(AND TOLERATES LITTLE CHANGES)
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| A TINY PROGRAM
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Artificial Neural Networks Label Complex Events

Architecture on an
. artificial meural network
used to diagnose

precancerous
ovarian leslons

Click image far mare information



1968 A WORRY......... -

Q: HOW-CAN A NEURAL NETWORK
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Let's try to design a
conscious machine!

(the constructive
approach)



DEFINITION 7

No definition

Try introspection ...
tells us that consciousness Is lots of things.

We'll see five (called axioms).



What Axioms? (5 distinct ways in which | feel conscious)

1. PRESENCE: | feelin the middle of an out-there world.

2. IMAGINATION: | can imagine worlds | have and have not perceived.
3. ATTENTION: | focus on what is important to me

4. VOLITION: | can decide what to do next

5. EMOTION: | evaluate options open to me.



WHAT USE ARE INTROSPECTIVE AXIOMS?

Intrespective Vaterial
aXIoms mplications

nteriocking
Viechanisms




What is a DEPICTION?

A representation of where things are in the world






Simple visual h

depiction Fly in the world

Eye and muscles

Retinal image

Neural depiction




Simple visual ‘

depiction Fly in the world

Eye and muscles

Retinal image

Neural depiction
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\What Creales Presence? ’*‘;' .

ANSWer:

Presence:in an out-there world s ==
dUE te the Infuence: of motor 5

aClions on sensory neural 2
[epresentations.

DOEs| It happeniin tne: vrain?




Macaque
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Brain

Primary Visual



(2004): A ‘kernel architecture’ capable of supporting the five axioms:
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1. Presence: feeling a self in the ‘out-there”. Accurate
cellular depiction indexed on muscular data of (say)
eye and head movement to capture the ‘out there',
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2. Imagination: Recursive cellular structures that
store accessible knowledge as state structure.



(2004): A ‘kernel architecture’ capable of supporting the five axioms:
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3. Attention: Evolved muscle-driving mechanisms
driven from sensory data and higher level (1 and 2)
machinery optimised on accuracy of depiction.



(2004): A ‘kernel architecture’ capable of supporting the five axioms:
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DEPICTION
FROM LOW
LEVEL

ATTENTION

ATTENTIONAL STATES DUE TO (SAY) HEAD MOVEMENT

ALSO TRANSFERS ICONICALLY TO IMAGINATION MODULE



Volition and Emotion: Non-deterministic transitions of state
spaces in 2 machinery are evaluated in the emotion module
until sufficient ‘wantedness’ is built up to trigger an action.



(2004): A ‘kernel architecture’ capable of supporting the five axioms:
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THE ‘KERNEL" ARCHITECTURE

An interplay of neural state machines.
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THE PIZZA HOUSE

P1 : looking at the menu

dl, a2, d3: recognise choices pizza, pasta or salad.

I'1,r2, r2: memory of properties of each dish

€1,62, €3: memory of pleasure, guilt, satiation for each rx.

W= e1(i)+e2(i)+ e3(l) + rand, evaluation of intensity for each r towards
generating Z



THE STATE STRUCTURE OF THINKING AND WANTING
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A virtual machine
for studying visual
CONSCIOUSNess
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Can the constructive approach help answer

Important questions?

What is the difference
between conscious
people, animals and

machines?




CONTENT: What the organism DOES with Its
depictive architecture!
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CONTENT: What the organism DOES with its
depictive architecture!
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Can the constructive approach help answer

Important questions?

What are dreams?
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Can the constructive approach help answer

Important questions?

What is ‘the unconscious'?






Can the constructive approach help answer

Important questions?

What is meant by free will’?
What is the Soul?

Can we understand mental deficits better?



We have learned that consciousness can
be studied on machines to understand it
better.

This Is useful in suggesting what our brains
do to make us enjoy Christmas.

Have a Happy one!!!



Feel free to ask: I.aleksander@imperial.ac.uk
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