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Trajectories of distant spacecraft

from launch to 2030
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ANTHROPOCENTRISM SHOULD BE QVER

pale blue dot

Darwin,
Wallace:

Aristarchus,
Copernicus:
Earth is not the
centre of the
universe

5 Cajal, Turing,
Church:

l. __“Q
Life and
b)

N
N
Q)Jy e % i intelligence are
a¢ ™ just computation

..‘l'J’ esettt - .o
%%; | i (substrate not key)

Humans are
not at the top
of any ladder

Shannon,
Solomonoff:

Compression
and learning
are just
algorithms

JOSE H. ORALLO 4



BUT IT'S LINGERING ON

“Human-level” intelligence as a goal?

By Turing’s (human) imitation game?
Human alignment. Whose values?

Human in the loop. Or “human as a cog’?
Existential risk. Preserve humans forever?

Should we look at Al
from an anthropocentric
perspective?

AV Acu nag OF rug CA , ! OF
C M i . “M.f,

Species Extinction and Human Population

30h SOUICE

- Extinctions

(Millions}

= Human Populaton
(Millions)

Extinction Numbers

Population

- e e————— e A
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NATURAL DIVERSITY

“Ecosystems lead to niches and
specialisation.

“for an immediate, local environment”

“Darwin's "survival of the fittest"

(borrowed from economics, Spencer):

1. Geospiza magnirostris. 2. Geospiza fortis.
3. Geospiza parvula. 4. Certhidea olivacea.

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat JOSE H. ORALLO



SOCIO-TECHNOLOGICAL DIVERSITY

“Specialisation in science, technology

L

and society pays off.

“Division of labour
*Specialise academic disciplines

*Divide and conquer!

IS DS IS IS S

g
Ve
AR

ep i nD%
LB 2N D
B CE I8 Bt >
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DIVERSITY IN Al

Prediction and

estimation
PR: computer vision,
speech recognition, etc.

Driverless

Knowledge-based
assistants vehicles

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat

Specific (task-oriented) Al systems

Go gle +oss  EHE O Share g
Translate [~}
Latin English Spanish Detect langusge ~ 4% English | Latin French ~

Artificial inteligence * | Artificial intelligentia

: s v Robotic
Machin .
. navigation
translation
S RBEERGN l .
Action Action H(a,i) Fa halts on input i?
(put B C) (put A B)

Simulate Fy, (j)
and return its result.”

t = "On input j:
l Simulate F, ().

/NN

F ¢ satisfies
VP(t) the property?

| o

Yes/ \No
mme | | mc | A
PI . d Accept Reject Game
cnnmg an Automated playing
scheduling deduction
JOSE H. ORALLO 9



Amostly complete chart of

Neural Networks e ..

) Jackked Irpat el A3 P e 8
D I V E RS I TY I N M Ac H I N E L E A R N I N G 0 e e eedlormar it} ke =) tasis Nebwors (KU
@ Hiddencel . .
bl dde 1 el i

= Recurrer e ral hetwiork [N 1ng /e Ter emory 1575 Cbec Recucrer £ Ui CRU

A S o

e S i
Atz Lrcoder [sLh wirib ool Al ALl Leng 3irm AL DALY Sparse AL SAL

"No-f lunch th for | i
° N,
o-free-lunch theorems tor edarning: b o
B iRE] = Al Muew kDB

“There are infinitely many niches, no system can

be better for all niches, not even on average.

“Specialise ML techniques!

G sl Ak soriol Nelwor K (GA) Ligud Slae Maching (LSM) Esbieine Lea ng sabive SV Euio Slale Me ik (250]

“‘Embed learning bias into the machines!

G Resicual Newe & (DR Siferertiz e e ral Comp e Dy el Tur g azhiee T

"Bayes + specific prior / regulariser

https:/ /www.asimovinstitute.org /neural-network-zoo/ (2019)

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat JOSE H. ORALLO 10
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NATURAL GENERALITY

General intelligence is

. . successful behaviour in a wide
= General intelligence and the g factor o
range of situations (up to a

* Spearman: same latent factor explains
performance in a range of cognitive tests.

level of difficulty or resources)

= Convergent evolution

“General intelligence is one of these traits!
* Altricial vs precocial / nurture vs nature

* Social hypothesis for general intelligence

* Cultural hypothesis for more general intelligence

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat JOSE H. ORALLO 12



SOCIOTECHNOLOGICAL GENERALITY

* One-fits-all:
*Standardisation or winner-takes-all
= General-purpose devices
“Adaptable to many problems
“Best example:

“The programmable computer

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat

[ 2
sssss

43 21 43 4.3 2 1 H

USB20Type-A  USB20TypeB  USB3.0 Type-A g

,,,,, ]

54321 54321 i H

e S e :

USB20Mini-A  USB2.0 Mini-B = 2

USB3.0 Type-B g

(i) o WA 5

FET 2508 iz3as¥ 678910

USB2.0 Micro- A USB20MicroB  USB3.0 Micro-B USB Type-C
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GENERALITY IN Al

“Llull’s Ars Generalis

“Turing’s “child machine”

*Simon & Newell’s “General Problem Solver’
“McCarthy’s dream for generality

“ Artificial General Intelligence

*Solomonoff’s theory of prediction:

"Bayes + universal prior (Occam’s razor)

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat

1971
Turing

Award
Lecture

Generality
in Artificial Intelligence

JOHN McCARTHY
Stanford University

The Turing Award Lecture given in 1971 by John McCarthy was never
published. The postscript that follows, written by the author in 1986,
endeavors to reflect the flavor of the original, as well as to comment in the
light of development over the past 15 years.

Postscript

My 1971 Turing Award Lecture was entitled “Generality in Artificial
Intelligence.” The topic turned out to have been overambitious in that
I discovered that I was unable to put my thoughts on the subject in
a satisfactory written form at that time. It would have been better to
have reviewed previous work rather than attempt something new, but
such wasn't my custom at that time.

I am grateful to the ACM for the opportunity to try again. Unfor-
tunately for our science, although perhaps fortunately for this project,
the problem of generality in artificial intelligence (All is almost as

unsolved as ever, although we now have many ideas not available in

JOSE H. ORALLO 14



GENERALITY IN MACHINE LEARNING

= Generality is finally herelll
* At least since 2020 (GPT-3)

" Made possible by:

* the transformers:

Attention Is All You Need

Niki Parmar* Jakob Uszkoreit*
Google Rescarch Google Rescarch
nikip@google.com usz@google.com

Noam Shazeer*
Google Brain
noam@google.com

Ashish Vaswani*
Google Brain
avaswani@google.com

Lukasz Kaiser*
Google Brain
lukaszkaiser@google.com

Aidan N. Gomez®
University of Toronto
aidan@cs.toronto.edu

Llion Jones®
Google Research
1lion@google.com

Illia Polosukhin* *
illia.polosukhin@gmail.com

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat

Summarize for a 2nd grader

Text to command

Natural language to Stripe APT

Parse unstructured data

Python to natural language

Calculate Time Complexity

Advanced tweet classifier

Keywords

Ad from product description

TLOR summarization

Grammar correction

Natural language to OpenAI APT

English to other languages

SOL translate

Classification

Movie to Emoji

Translate programming languages

Explain code

o

Factual answering

Product name generator

Python bug fixer

Spreadsheet creator

ML/AT language model tutor

Tweet classifier

SOL request

JavaScript to Python

Mood to color

Analogy maker

Micro horror story creator

Notes to summary

ESRB rating

Recipe creator (eat at your own risk)

goBpooeEoopon

JavaScript helper chatbot

Science fiction book list maker

Airport code extractor

Extract contact information

Friend chat

Write a Python docstring

JavaScript one line function

Third-person converter

VR fitness idea generator

Essay outline

Chat

Task examples in OpenAl’s playground

JOSE H. ORALLO






THE SALTY LESSON: “OUR™ WORLD IS COMPRESSIBLE

Input-output maps are strongly biased
towards simple outputs

® Physics, life and society as computation.

Kamaludin Dingle B, Chico Q. Camargo & Ard A. Louis &

- andom inpU'I'S qud 1.0 |OW-C0mp|eXi1'y OUII.pUlI.S. Nature Communications 9, Article number: 761 (2018) | Cite this

*No-free-lunch assumptions not true! :

c Financial model

5.0

*Lunch is affordablel

-10.0

LogyoP)

= Solomonoff was right.
“Modern deep learning and transformers have a N T TR T
Occam’s razor as a prior! i '
< =0 < [] H S E L
. . g -25 . o ! s g :\
* Same prior is all you need! ) i wi| e i |
-35 . 8 :\ : ¥ E - ’l

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat JOSE H. ORALLO 17




THE SWEET LESSON: IMITATION IS A GPT

= Shannon (1948): “language model”

Human
culture

= Turing’s imitation game (1950)
= 2020s Surprise!

"as compression improves, imitation improves,

and many tasks become possible. Transformer = A
== ) General-
“rER Purpose
froi O Kackt Tool

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat JOSE H. ORALLO 18



THE BITTER LESSON : SCALING IS ALL YOU NEED

Scaling Laws for Neural Language Models

= Rich Sutton’s “bitter lesson” (2019):

Al has traditionally built specialised
techniques that leverage “human
knowledge of the domain, but the only
thing that matters in the long run is the

leveraging of computation”. y
= Scaling laws hold better than
Moore’s law!

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat

Test Loss
-~ w (o2 |

w

L= (Cmin/2.3 - 108) 70050

2
100 1077 10° 10=% 107! 10!

Compute
PF-days, non-embedding

—— L=(Df5.4+1013)70.09 5.6 —— L =(N/8.8-103)-0076
4.8
4.0
3.2
2.4
108 10° 10 107 10°
Dataset Size Parameters
tokens non-embedding
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THE SOUR LESSON : CULTURE REPLICATION IS CHEAP

= With humans, cultural transmission is slow |__ I l:— E
“Books, schools, universities, ... 3 O

= With Al it’s fast (Hin’ron iUST realised) BEING HUMAN IN THE AGE OF

ARTIFICIAL INTELLIGENCE

" “Foundation models” MAX TEGMARK

*Generalise first, specialise next (finetune, prompt)

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat JOSE H. ORALLO
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https://aeon.co/ideas/now-it-s-time-to-prepare-for-the-machinocene

ENERGY-HUNGRY

Computation is measured in total petaFLOP, which is 10" floating-point operations’ .

10 billion
100 million
1 million
10,000

100

1

0.01
0.0001
0.000001
0.00000001
0.0000000001
<1e-11

Training compute (petaFLOP)

Theseus
°

1950
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‘F’andemonium (morse)

.Perceptron Mark |

ADALINE
[

Neocognitron
hd o e

[
PaLM (540B),®
AlphaGo Masler.. ’*
SNUP
AlphaGo Fan®iLibratus
phaGo an.~,=O
o,
\V.G(.S{IG *
KN5 LM + RNN 400/10 (WSJ)‘ .’ 8 o
fo

T:eedforwa rd NN
® -

TD-Gammon®  BILSTM forSpeech
[ ) - [ ]

NPLM
L]

@

EfficientNetV2
.N efifalk L4

Fuzzy NN
[}

2020

Affiliation
M Academia
B Collaboration

Collaboration, majority
industry

B Industry
¥ Research collective
M Other

JOSE H. ORALLO

by



ROOTING FOR THE MACHINES

“l can visualize a time in the future when
we will be to robots as dogs are to humans. [...]
| am rooting for the machines!” — Shannon (1987).

Only by understanding what intelligence is,
will we make Al safe, regulate it well and
know who we really are and want to be.

Intel-ligéncia Artificial i Natural : De la Diversitat a la Generalitat

Sutton’s new

scala naturae

, In the ascent of humanity,
succession to Al is inevitable

MINIMAL

Mitigating the risk of extinction from
Al should be a global priority alongside
other societal-scale risks such as
pandemics and nuclear war.

Signatories:
<

Al Scientists

Geoffrey Hinton

Emeritus Professor of

Yoshua Bengio

Professor of Comput

Demis Hassabis

CEO, Google DeepMind

Sam Altman
CEO, OpenAl

- +
e o _GEOFFREY HINTDAL |
PO ‘
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Dario Amodei
CEO, Anthropic



A NEW BREED : A NEW INTELLIGENCE LANDSCAPE

Broad Al

Humans

Generality

Narrow Al

Capability

JOSE H. ORALLO
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