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Artificial Intelligence

Where do we go from here?
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Thomas
Hobbes

For reason,in this sensejs nothing but reckoning
(that Is, adding and subtracting) of the
consequencesf generalnamesagreedupon for the
marking and signifying of our thoughts;
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First First design Foundations of Alan Turing ‘Artificial ELIZA,
mechanical for a neural networks introduces a intelligence’ is a natural
calculating | programmable established by test—the Turing coined during a language

machine built machine, Warren McCulloch test—as a conference devoted program,
by French by Charles and Walter Pitts, way of testing to the topic. is created.
mathematician Babbage and drawing parallels a machine’s ELIZA handles
. and inventor Ada Lovelace. between the brain intelligence. dialogue on any
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Google builds iRobot launches Computer Edward
the first self- Roomba, an program Deep Feigenbaum
driving car to autonomous vacuum Blue beats creates expert
handle urban cleaner that avoids world chess systems
conditions. obstacles. champion Garry which emulate
Kasparov. decisions of
human experts.
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IBM’s Watson Personal assistants like Siri, lan Goodfellow comes || AlphaGo beats Most universities
defeats champions | Google Now, Cortana use speech | up with Generative professional have courses
of US game show recognition to answer questions Adversarial Go player Lee in Artificial
Jeopardy! and perform simple tasks. Networks (GAN). Sedol 4-1. Intelligence.
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NEW NAYY DRVICE
LEARNS BY DOING

Psychologist Shows Embryo
of Computer Designed to
Read and Grow Wiser

WASHINGTON, July 7 (UPI)
—The Navy revealed the em-
bryo of an electronic computer
today that it expects will be
able to walk, talk, see, write,
reproduce itself and be con-
scious of its existence,

The embryo—the Weather
Bureau's $2,000,000 “704" com-
puter—learned to differentiate
between right and left after
fifty aftempts in the Navy's
demonstration for newsmen,,

The service said it would use
this principle to build the first
of its Perceptron thinking ma-
chines that will be able to read
and write, It is expected to be
finished in about a year at a
cost of $100,000.

Dr. Frank Rosenblatt, de-
'signer of the Perceptron, con-
ducted the demonstration. He
said ‘the machine would be the
first device to think as the hu-
man brain. As do human be-

ings, Perceptron will make mis-
takes at first, but will grow
wiser as it gains experience, he
said, :

Dr. Rosenblatt, a research
psychologist at the -Cornell
Aeronautical Laboratory, Buf-
falo, said Perceptrons might be
fired to the planets as mechani-
cal space explorers,

Without Human Controls .

. The Navy said the perceptron

would be the- first non-living!
mechanism “capable of receiv-|
ing, recognizing and identifying,
its surroundings without -any
human trammg or control.”

The “brain” is designed to
remember images and informa-
tion it has perceived itself. Ordi-
nary computers remember only
what ig fed into them on punch
cards or magnetic tape. | [

Later Perceptrons will be able
to recognize people and call out
their names and instantly trans-
late speech in one language to
speech or writing in another
language, it was predicted.

Mr. Rosenblatt said in prin-
ciple it would be possible to
build brains that could repro-
duce themselves on an assembly
line and which would be con-

!

scious of their existence,

1958 New York
Times...

In today’s demonstration, the
“704” was fed two cards, one
with squares marked on the left
side and the other with squares
on the right side.

Learng by Doing

In the first fifty trials, the
machine made no distinction be-
tween them. It then started
registering a “Q” for the left
squares and “O" for the right

squares.
Dr. Rosenblatt said he could
explain why the machine

learned only in highly technical
terms. But he said the computer
had undergone a ‘self-induced
change in the wiring diagram.”
The first Perceptron will
have about 1,000 electronic
“association cells” recelving
electrical impulses from an eye-
like scanning device with 400
photo-cells. The human brain
has 10,000,000,000 responsive
cells, including 100,000,000 con-
nections with the eyes.




Mo r a vParadoxs

Robotsand Al systemsfind the difficult thingseasy
and the easythingsdifficult

Theoremproving, playingworld-classchess,
planningroutes on a map, schedulingjobs, doing
math, are relatively easyto program.

Recognizindaces, understandingceneswalking In
a room, understandingpeech,are very, very hard
to program.




Artificial Intelligence Sub-Fields
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Machine Learning



MachinelLearning

Perception
Searching
Reasoning

Natural Lang. Proc.

Automation

Customerservice

Employment
Inequ alty

Peocweronenrtefcr

Salesand marketing

Privacv
Bubbles
Echo chambers

Rad alz atcn

Artificial
General
Intelligence

Security
Loss of control
Loss of relevance
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Four Paradigms of Machine Learning

Symbolists

All intelligence can be reduced
to symbol manipulation

Cut Taxes

Pro-Life Democrat

Gun Control

Democrat/ Independent

Analogizers

The key to learning is
recognizing similarities
between situations
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Statistical

All learned knowledge is
uncertain, and learning itself
is aform of uncertain
inference

Prior Probability Likelihood of the evidence ‘E

\ if the Hypothesis ‘H’ is true
PUHIE) P(H) = P(E|H)
P(E) .
Posterior Probability of ‘H’ Priori probability that the evidence
given the evidence itself is true

Connectionists

Learning is what the brain
does, and what we need to do
IS reverse engineer it
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Adjustweights
to obtain desiredoutput
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Deep Convolutional Transformers and
Neural Networks Large Language Models

The Deep

Learning
Revolution i
Deep Learning
Revolution
Fourrecentkey | o
Deep Reinforcement s Diffusion Models
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Thepower of
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Large Language Model
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Wolfram

A define functions like send_email(to: string, body: string),

A

or get_current_weather(location: string, unit: 'celsius' | 'fahrenheit’) and let the
LLM call them

convert "Who are my top customers?”to a function call
get_customers(min_revenue: int, created_before: string, limit: int) and call your
internal API

Extract structured data from text, e.g.,define a function called extract_data(name:
string, birthday: string), or sql_query(query: string)
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Objections

A Theimmortal soul objection: A Thephysicalsupportobjection:

Man is the sole owner of an immortal soul, Nervous systems are continuous, use quantum

and no machine can ever have one mechanics to function, are chaotic

A Theconsciousnessbjection: A Themathematicalobjection:

Only humans can be conscious. . : :
Brains are not Turing equivalent

A Thetechnologicalimpossibility objection: A Variousdisabilitiesobjection
It is outside the reach of human Cannot create anything new

technology, forever. Cannot love or be loved

Cannot feel pain or joy



‘A lifetime’s worth of wisdom'

Dualprocesgheories i

The International

The dual processtheory is acognitive psychologytheory that explainsthe different levels

of information processingin individuals, used in psychology. Early dual process theories BeStseller
were proposed by the philosopher and psychologist William Jamesand has been

developed and elaborated over time. Dual processtheory divides the processing of

information into two pathways.

The first pathway is system 1 processingwhich is very fast, automatic, involuntary. It isar
unconscious processthat we are not in control of. Information processedin this
automatic manner lacks specificdetails and context.

The secondpathway is system 2 processingwhich is slow, deliberate, and voluntary. It is ' I 'hinkin
a conscious processin that we are aware that the processingis occurring. Working g,
memory is used in system 2 processingand information is explicit and more detailed than

in system 1 processing. FaSt and SlOW
Criginal ideadue to William James (1842-1910) H - . o

Wason& EvansDualprocesses reasoning?{1974)

Petty & Cacioppo Habaration likelihood model (1980) - I: ]

ChaikenHeuristiesystematianodelof informationprocessing1980) {v)alllf?hl Nobel Bri €man
nero el I'mz

StanoviclWholsRationalStudiesof IndividuaDifferencesn Reasonin¢1999) e 2 d

Evans)ntwo minds:duatprocessaccountf reasonind2003)

To T o T Po Ix



Dualprocesdheories

Intuition Logic

Fast Slow/ deliberate

Experiential reasoning Step by step analysis

Relies heavily on emotion Less emotion

Unconscious/ automatic Conscious

Processes thousands of pieces of Can only process up to seven pieces of
information/ cues simultaneously information at a time

Storage largely in images, sounds, Storage in words

smells, taste
Contextual Abstract



Sattin, D., Magnani, F. G., Bartesaghi, L., Caputo, M., Fittipaldo, A. V., Cacciatore, M., ... & Leonardi, M. (2021). Theoretical
Models of Consciousness: A Scoping Review. Brain sciences, 11(5), 535.
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McLelland et al. PNAS 2020, Placing language in an integrated understanding system



A functional framework

Sensory
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Stored memories, knowledge, and skills: retrieval ,
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memory ] memory semantic j knowledge knowledge motor skills '
! |

Baars, B. J., & Gage, N. M. (2010). Cognition, Brain and Consciousness: Introduction
to Cognitive Neuroscience. Burlington, MA, USA: Academic Press.




{ Working memory and controller J

[ Attention schema ]

The — 1 |
Dee p'l'h O u ght Actions

Self-model

(Attention stream)

Text Output
]

Language
“’[ Model

A

Embeddings
Store

Architecture

Auditory . Vision
[ Model J Multimodal Inputs [ Model J

Figure 2: The DeepThought architecture: green arrows represent inputs and outputs, blue arrows
represent module outputs, red arrows represent attention and control signals, and black arrows
represent bidirectional interactions between modules and the embeddings store. The working memory
and controller, which includes the attention schema, define the next inputs to the different modules.




Speculations SUPERINTELLIGENCE

Paths, Dangers, Strategies

“The ever-accelerating progress of technology and changes in the

mode of human life, which gives the appearance of approaching

some essential singularityin the history of the race beyond which

human affairs, as we know them, could not continue”

BReetpri@  Humans  Humans
o 0 o ®

Al

- VonNeummanguotedby StanislanwJlam, 1952

Cats Cats
Let an ultraintelligent machine be defined as a machine that can far surpass

The Singuladty all the intellectual activities of any man however clever. Since the design of
machinesis one of these intellectual activities, an ultraintelligent machine
could design even better machines; there would then unquestionably be an
0i nt el & x gk o smedohae idtelligence of man would be left far behind.
Thusthe first ultraintelligent machine is the last invention that man need
ever make, provided that the machine is docile enoughto tell ushow to keep

it under control.

- Irving John Good,1965







The
Future of

Intelligence

NICK BOSTROM

SUPERINTELLIGENCE

Paths, Dangers, Strategies
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e Adventures among Cyborgs,
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