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Apocalypse

e Cataclysmic large scale destruction.

e Destruction can usher in new era in which
good triumphs over evil, the righteous are
saved, etc.

* Apocalypses are good or bad depending on
who you are (good/evil; cockroach/human;
robot/human).

* | will explore these aspects of apocalypses in
this talk.
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Talk Overview

 Machine consciousness.
* Conscious machines and the Al apocalypse.
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Machine Consciousness

e 1980s — revival of interest in conscioushess.

e 1990s - serious scientific work on
consciousness.

e Early 2000s — emergence of research on
machine consciousness, sometimes called
‘artificial consciousness’.

e 2004 — Holland and Troiscanko’s awarded
£500,000 to build a conscious robot.
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~ Some Publications on
Machine Consciousness -

Human and Machine
Consciousness

International Journal of
MACHINE
CONSCIOUSNESS

machlne

consciousness

Amtonss Cralla

Gamez, D. (2008). Progress in Machine Consciousness.

Consciousness and Cognition 17(3): 887-910.

Reggia, J. A. (2013). The rise of machine consciousness: studying
consciousness with computational models. Neural Networks

44:112-31.
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iousness

Films about Machine Consc

' Transcendence

' Ex Machina
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Types of Machine Consciousness

e MC1. Machines with the same external
behaviour as conscious humans.

e MC2. Computer models of the correlates of
consciousness.

e MC3. Computer models of consciousness.

 MC4. Machines that really have conscious
experiences.
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Types of Machine Consciousness

e MC1. Machines with the same external
behaviour as conscious humans.
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Conscious Human Behaviours

e Humans have characteristic behaviours when
they are conscious.

* For example:
— Alertness.
— Response to novel situations.
— Inwardly execute sequences of problem-solving steps.
— Learning.
— Response to verbal commands.
— Delayed response to stimuli.

6/4/2018 David Gamez - Machine Consciousness and the Al Apocalypse 10



MC1 Machine Consciousness

A machine is MC1 conscious if it is producing
similar external behaviour to a conscious
human.

Many artificially intelligent machines are
already MC1 conscious to some extent.

For example, humans can only play Go or Atari
video games when they are conscious.

MC1 machine consciousness is part of artificial
general intelligence (AGI).
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Types of Machine Consciousness

e MC2. Computer models of the correlates of
consciousness.
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Models of the
Correlates of Consciousness

* Researchers often model parts of the brain
that are thought to be linked to consciousness
(neural correlates of consciousness).

* Helps us understand how consciousness might
work.

* Might help us to build more intelligent
machines.
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MC2 Machine Consciousness

e MC2 machine consciousness is the
construction of:

— Models of the correlates of consciousness.

— Models of cognitive structures that are claimed to
be conscious.
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NeuroBot

 Neural implementation of global workspace.

e Controlled an avatar in the Unreal Tournament
2004 game environment.

e 20,000 neurons; 1.5 million connections.
* Implemented by Zafeirios Fountas.
 See Gamez et al. (2013).
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Types of Machine Consciousness

e MC3. Computer models of consciousness.
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MC3 Machine Consciousnhess

* Long tradition of describing the structure of
consciousness from a first-person perspective.

* For example, Husserl (1960), Merleau-Ponty
(1962).

* Can create computer models of conscious
experiences in a machine.

 This is MC3 machine consciousness.
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Cicerobot

* Museum guide robot developed by Chella et
al. (2007).

e Cognitive architecture and internal simulation
that is updated as robot moves around
environment.

e Cicerobot uses 3D simulation to plan actions
in @ way that is analogous to human
Imagination.
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Imagination with
CRONOS and SIMNOS

e Physical CRONOS robot controlled by a virtual
model (SIMNOS).

* With SIMNOS the robot could ‘imagine’
different ways of solving a problem.

e When it found a solution, it executed it on the
real physical robot.

e See Gravato Marques and Holland (2009).
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Imagination with
CRONOS and SIMONS
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Types of Machine Consciousness

 MC4. Machines that really have conscious
experiences.

6/4/2018 David Gamez - Machine Consciousness an d the Al Apocalypse

27



Human Consciousness

| define consciousness as a bubble of
experience.

* A bubble of space roughly centred on our
bodies containing smell, body sensations,

colour etc.
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Representation of person's first-
person experience of their body




MC4 Machine Consciousness

* A physical robot is MC4 conscious if it is
associated with a bubble of experience.

* |ts bubble of experience will contain

something analogous to our colours, smells
etc.
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“Conscious Machine (MC4)
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- Mathematical Theory of
Consciousness (C-theory)

e Atheory of consciousness connects a formal
description of the physical world to a formal
description of a conscious state.

Description of Description of
physical state conscious state

P-description |« C-theory =3 C-description

A A

Measurement C-report
Physical brain Human
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How to Build a
MCA4 Conscious Machine

* Generate description of the state of
consciousnhess that we want in the machine.

e Use reliable c-theory to convert description of
consciousness into description of the
corresponding physical state.

* Realise physical state in a machine.

6/4/2018 David Gamez - Machine Consciousness an d the Al Apocalypse 34



Description of physical Description of conscious
state that is linked to @ state that we wantto
specified conscious state realize in the machine

P-description: pd., (—-I C-theory (—{ C-description: cd,

Reliable mathematical
theory of consciousness

3D printing,
@ neuromorphic
chips, etc.

v

Physical computer or robot

| Machine contains CC set that is
b linked to specified conscious state




How to Deduce the MC4
Consciousness of a Machine

 Measure physical state of machine.

e Use reliable c-theory to convert description of
physical state into description of conscious
state.
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Description of physical Description of artificial
state of artificial system system's conscious state

P-description: pd, }—) C-theory I—) C-description: cd,

Reliable mathematical
theory of consciousness

Scientific measurement

Artificial system




Examples?

* Asfar as | am aware no-one has ever analyzed a
physical machine for consciousness using a
mathematical theory.

* |n previous work | analyzed a simulation of a
neural network Gamez (2008, 2010).

* | have some ideas about how to analyze the
memory states of a physical computer.

* When we have a convincing c-theory we could
apply an improved version of this approach to a
physical machine.

6/4/2018 David Gamez - Machine Consciousness and the Al Apocalypse 38



Machines can have Several
Different Types of Consciousness

e MC1-MC4 are not exclusive categories —
machines can implement several of them
together.

 For example, NeuroBot is a MC1 and MC2
machine, and it is conceivable that it is really
conscious (MC4).
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Conscious Machines
and the Apocalypse

e Research on MC2 and MC3 machines could
help us to build better MC1 machines.

* Only MC1 machines carry out actions in the
world.

* Only MC1 machines could cause catastrophic
destruction.

* MC4 machines raise separate issues and a
different way of looking at a possible Al
apocalypse.
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MC1 Machines
and the Apocalypse

e MC1 machines are currently only capable of
very narrowly defined tasks (Go, Atari video

games, etc.).

* |nflexible and incapable of most conscious
human behaviour.

* Very long way from being capable of
cataclysmic large scale destruction.
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Limitations of Deep Learning

e Several of the recent successes in Al (for example,
AlphaGo) have been the result of deep neural
networks.

* These work well in narrowly defined tasks with
large data sets.

* Unlikely that we are going to build MC1 robot
that are based entirely on deep neural networks.

* MC1 machines are going to take much longer to
develop than recent successes might suggest.
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Software Errors

e Software errors are much more likely to cause
an apocalypse.

* Killer robots are likely to save lives on the
battlefield.

e But a subtle software error could set them on
the rampage.

e Humans can make calamitous decisions based
on incorrect information provided by
computers.
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A Positive MC1 Apocalypse?

Humans are not good at running the world.

They have limited memory and imagination
and cannot process large data sets.

It might be a good thing if MC1 machines took
over.

They could run the world better and make
humanity happier.

This is the position of Asimov (1952).
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A Positive MC4 Apocalypse?

* Can be argued that consciousness has an
ethical value in itself.

* A world in which there was more higher
guality consciousness would be better than a
world with less low quality consciousness.

e MC4 machines might have a higher quality of
consciousness.

* Their consciousness can be mass produced.
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A Positive MC4 Apocalypse?

* A case can be made for the replacement of
humans with MC4 machines.

* This might be the only way in which
consciousness can survive the death of the sun in
a few billion years.

 We should only replace humans with MC4
machines if we are confident that the machines
are MC4 conscious.

 Many problems with the reliable measurement of
MC4 consciousness.
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Types of Machine Consciousness

e MC1. Machines with the same external
behaviour as conscious humans.

e MC2. Computer models of the correlates of
consciousness.

e MC3. Computer models of consciousness.

 MC4. Machines that really have conscious
experiences.
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Machine Consciousness and Action

e Research on MC2, MC3 and MC4 machines
might help us to develop better MC1
machines.

e MC1 machines are the only ones that are
capable of bringing about large-scale
cataclysmic change.

* This is very unlikely for the foreseeable future.
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Positive Apocalypses

* MC1 machines might eventually become better
at running the world.

* Could lead to a positive ‘apocalypse’ in which
human politicians and civil servants are replaced
by machines.

 MC4 machines might have higher quality
consciousness.

* Could lead to a positive ‘apocalypse’ in which
low-quality human consciousness is replaced by
high-quality machine consciousness.
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