Talk Overview

m Consciousness and its scientific study.

= Feasibility of computational correlates of
consciousness:
Whatis a computer?
Which systems are computers?
Computers as information processors.
Computational patterns in nature.

What is Consciousness?
m We perceive a limited amount of the world at a
time.
m | call this a bubble of experience.

m Bubbles of experience are coloured, smelly,
noisy, etc.

m Consciousness is a bubble of experience.

Key Question
m Are computational states correlated with
consciousness?

m For this to be the case, computations must be
an objective part of the physical world.

Bubble of Experience / Consciousness




The Physical World

m The world of physics is colourless, odourless
and silent.

= |t cannot be imagined by us.

m |tis a black box that is a source of signals
(Russell 1927).

Correlates of Consciousness

m The correlates of a conscious experience is a
set of one or more spatiotemporal structures in
the physical world.

m This set is present when the conscious
experience is present and absent when the
conscious experience is absent.

= This will be referred to as a CC set

Potential Correlates of Consciousness

m Which spatiotemporal structures in the physical
world form CC sets?
m Three types of potential correlates of
consciousness:
Physical
Informational
Computational

Consciousness and the Physical World
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Physical Correlates of Consciousness

m CC set consists of:
Spatiotemporal pattern.
Physical structure in which the pattern occurs.
= For example:
Neural synchronization.
Electromagnetic waves.
Quantum effects.
= Tononi & Koch (2008) - review of experimental
work in this area.




Information Correlates of
Consciousness
m Tononi’s (2008) claims that information patterns
are correlated with consciousness
independently of the physical structures that
happen to instantiate them at a particular point
in time (neurons, electromagnetic waves, etc.).
= Information pattern forms a CC set by itself.
m Some experimental work on this approach (Lee
et al. 2009; Massimini et al. 2009; Ferrarelli et
al. 2010; Casali et al. 2013)

Computational Correlates of
Consciousness
m If there are computational correlates of

consciousness:

We could create systems with artificial
consciousness.

We could create a copy of our consciousnessin a
computer (brain uploading).

Types of Computer

m Distinguish between three types of computer:
Early calculators.
Special purpose computers.
Programmable computers.

Computational Correlates of

Consciousness

m Has been suggested that there might be
computational correlates of consciousness in
the brain (Mathis and Mozer 1996; Cleeremans
2005).

= The computations would form a CC set by
themselves.

= They would be correlated with consciousness
independently of the architecture or substrate
on which they were executing.

= Linked to functionalism.

Early Calculators

= Examples:
Slide rule
Pascaline
Abacus
= When you enter the problem the solution is
immediately displayed.




Early Calculators

Difference Engine (Babbage)

m Calculates polynomial functions

Soap Bubble Computer

= |dentifies shortest path between multiple
points (Bern and Graham 1989).

Special Purpose Computers

m Systems designed to solve one specific
problem, generally with a delay.
= Input problem, wait for solution.
m Examples:
Difference Engine (Babbage)
Bombe (Turing)
Soap bubble computer (Bern and Graham 1989)
Turing machine

Bombe (Turing)

= |dentifies settings of Enigma machine
1 0:0 sl

Key Features of Special Purpose
Computers
m Carefully engineered piece of physical world.
m Put into starting state that encodes problem.
= Allow it to ‘compute’.
= Read off solution from final state.




Meaning of the States

= Human operator maps world onto system’s
starting state.

m Computer transforms starting state into final
state.

= Human operator maps system'’s final state back
onto the world.

m Computer does not know what the states mean.

Programmable Computer

m Examples:
Analytical engine (Babbage)
ENIAC
Manchester Baby
Modern digital computer
Universal Turing machine

Manchester Baby

m First stored program computer.
m Program stored in a cathode ray tube

Programmable Computer

m Allows the dynamic construction of special
purpose computers.
m Operator specifies the program by:
Connecting wires.
Punching cards
Typing code into a terminal.

m Each program is a special purpose computer.

ENIAC

m First general purpose computer.

= Programmed by manipulating switches and
cables.

Special Purpose vs Programmable
Computers

m Same computations are carried out by special
purpose and programmable computers.

= Difference in flexibility.

= For computational correlates of consciousness
will focus on special purpose computers.




Computer Model of the Solar System

Mass of planets & sun
Newton's equations
Positions at time t
Velocities at time t

v

Positions at time ¢ + 1
Velocities at time £ + 1

Computer Model of the Solar System

Positions at time ¢ + 1

Computer Model of the Solar System

= Want to calculate the position of the planets at
time t+ 1.

= Procedure:
+ Map starting state of planets onto state of computer.
+ Allow computer to compute.

+ Map state of computer onto state of the planets at
time t + 1.

Computer Model of the Solar System

System being modelled

Computer Model of the Solar System

System being modelled

Computer




Computer Model of the Solar System

Positions at time ¢
Velocities at time ¢

Positions at time ¢ + 1
Velocities at time ¢ + 1

Where are the Computers?

m Cogs, planets silicon chips and soap bubbles do
not have special computational properties.

m Whether the solar system or a digital computer
is a computer depends on how we are using it.

m Part of the physical world becomes a computer
when we use it to compute.

Information Processing

m Computing is often understood as information
processing or as information technology.
m To examine this claim, need to clarify what is
meant by information.
= Floridi (2009) distinguishes between:
Dedomena
Data
Information

Computer Model of the Solar System

System being modelled

Dedomena
m The world as it is in itself prior to human
measurements.

m Cannot be directly accessed by us.
= Not relevant to computing.




Data

m A lack of uniformity in the world.

m Measured at a level of abstraction (Floridi
2008):
Typed variable
Observable
Collection of observables are a level of abstraction.

Information

= Well-formed meaningful data.

= The meaning of a computer’s states is provided
by the human operators.

m So computers are data processors, not
information processors.

Computing as Use

m Reinforces idea that computing is a use that we
make of physical objects.

m A system’s computational properties depend on
the subjective interpretation of the human user
(Horsman et al. 2014).

= Computations are not an objective feature of the
physical world.

m They cannot be correlated with consciousness.

Data Sets

m Different levels of abstraction result in different
data sets.

m For example, two levels of abstraction in the
brain:
Neuron firing events.
Distance of each neuron from the North Pole.

Computing as Use

= We can extract data sets from any system:
Digital computer
Orrery
Solar system
= Nothing special about the data processing of
systems we call “computers”.

Responsel: Computation is a Pattern

= We choose to use a particular level of
abstraction.

m But the data that is extracted is objective.
= Computation could be a particular kind of
pattern in this data.

m Computational patterns could be objective
features of the physical world.




Responsel: Computation is a Pattern

m Some computational patterns could be
correlated with consciousness.

m This response depends a principled way of
identifying computational patterns and
separating out the ones that are correlated with
consciousness.

Response 2 — Digital Physics

m To make this claim, you need to say what a
computation is.

= To identify computational correlates of
consciousness will need a principled way of
identifying and comparing computational
patterns.

Theory of Implementation

m A theory of implementation:

Specifies what it is for a pattern to be computational.

Enables the identification and comparison of
computational patterns.
m Use theory of implementation to identify
computational correlates of consciousness in
the brain.

Response 2: Digital Physics

m Spectrum of theories:

Computation is a fundamental aspect of the physical
world (Zuse 1970; Fredkin 1992; Wolfram 2002)

We are living in a computer simulation (Bostrom
2003)

= Computation is not subjective because
everything is computing.

Finite State Automata (FSAS)

m Computation is described as a finite state
automata (FSA).

Mnitialize variables
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autput = 0; Ve 3 output:0
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whill (true){
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if(input == 0){
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state = 1:
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state = 2;

else if (state == 2)
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else
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Problems with FSAs

= A run of a finite state automaton can be mapped
onto any other sequence of physical states.

m Leads to an untenable panpsychism (Bishop
2009)

Problems with CSAs

m Variety of problems with CSAs:
Little or no relationship between the running
programs and the CSAs being executed.
Infinite number of different ways in which a system
can be mapped onto CSA substates.
Low probability counterfactuals lead to complete
connectivity of the CSA describing a physical
system’s states.
Can only look for correlations between sets of CSAs
and consciousness.
Unlikely that different computers running the same
program have the same causal topology.

m Schweizer (2014) covers some of these.

Other Theories of Implementation

m Some of these are good at picking out our
modern digital computers.

m Others are more applicable to natural systems.

= Not obvious that any of them are a workable
approach for identifying computational
correlates of consciousness in the brain.

Combinatorial State Automata (CSAS)

m Chalmers (2011) proposed that computations
can be specified using combinatorial state
automata (CSAs).

L. lightsensor = 0;

7. while(true){
8. lightSensor = getSensorReading();
o

10, iflightSensor == oldLightSensor){

11 if(motivation >

12, motivtion = motivtion - 1;

13

14, eke{
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16, oldLightSensor = lightsensor:

.}

18,

19, if(motivetion > 0){

0. leftWneel = 1;
rightWheel = 1;
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else(
leftWheel = 1;
rightWheel = 0;
¥

21.
updateMotors(leftWheel, rightWhesl);
20}

Other Theories of Implementation

m Applying instructions to strings (Piccinini 2007).
= Pattern matching (Boyle 1995).

m Realization of a function (Scheutz 1999)

m Cellular automata (Schule 2014).

Practical Problems with Theories of
Implementation

m Effectively infinite number of data sets can be
extracted from a physical system.
= Even if we had a workable theory of
implementation, it would be impossible to prove
that a computational pattern is:
Present when the brain is conscious

Not present in the unconscious brain at any level of
abstraction.




Practical Problems with Theories of
Implementation
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Conclusions

m Examined possibility that there might be
computational correlates of consciousness.

m Key requirement is that computations must be
objectively present in the physical world.

Conclusions

= Looked at two responses, which depend on the
idea that computation is a particular kind of
pattern.

m But we lack a plausible theory of
implementation that could identify computations
in an architecture-neutral way.

m Serious practical problems will prevent us from

proving that a computational pattern is
correlated with consciousness.

Conclusions

= Any part of the physical world can be used as a
special purpose computer.

m Any part of the physical world can be
interpreted as a data processor.

m This suggests that computation is a subjective
interpretation of the physical world.

Conclusions

m Computational correlates of consciousness are
implausible and unworkable.

m Look for physical correlates of consciousness
instead.

m Look for CC sets that contain both patterns and
the physical substrate in which the patterns
occur.

m This is a much better fit with traditional science.




Further Reading — Available on Request

m Gamez, D. The Emergence of the Concept of
Consciousness. First Chapter of Human and
Machine Consciousness. In progress.

= Gamez, D. Are there Functional Correlates of
Consciousness? Under review.

= Gamez, D. Are Information or Data Patterns
Correlated with Consciousness? Topoi. DOI
10.1007/s11245-014-9246-7.
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