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How Long Until Computers Have the Same Power As the Human Brain?
Lake Michigan’s volume (in fluid ounces) is about the same as our brain's capacity
(in calculations per second). Computing power doubles every 18 months. At that rate, you see
wery little progress for a long time—and suddenly you're finished.
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Two Distinct Eras of Compute Usage in Training AI Systems

Petaflop/s-days
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The risc of artificial intelligence over the Ilast 8 decceades: As training
computation has increased. Al systems have become more powerful

The color indicates the domain of the Al system: @ Vision ® Games ® Drawing e Language @ Other

Shown on the vertical axis is the training computation

= Minerva: built in 2022 and trained on 2.7 billion petaFLOP
that was used to train the Al systems. Minerva can solve complex mathematical problems at the college level.

PaLM: built in 2022 and trained on 2.5 billion petaFLOP
on petaFLOP i i

10 bi

PalM can generate high-quality text, explain some jokes, cause & effect, and more. =
Computation is measured in floating point operations (FLOP). GPT-3: 2020; 314 million petaFLOP -
One FLOP is equivalent to one addition, subtraction, GPT-3 duce high-quality text that is
multiplication, or division of two decimal numbers. often indistinguishable from human writing.
DALL-E: 2021; 47 million petaFLOP
- 100 m ion petaFLOP DALL-E can generate high-quality images from written descriptions.
/" The data is shown on a logarithmic scale, so t
- i ) NEO: 2021; 1.1 million petaFLOP
( fremeach grid-l e tothenaxtitshowsa 1 38 Sia Recommendation systems like Faceboolk’'s NEO detérmine what you see on
N 2 z £ ¥ C your social media feed, online shopping, streaming services, and more.
1A million petaFLOP

AlphaGo: 2016; 1.9 million petaFLOP
AlphaGo defeated 18-time champion Lee Sedol at the ancient and highly
complex board game Go. The best Go players are no longer human.

AlphaFold: 2020; 100,000 petaFLOP
10,000 petaFLOP AlphaFold was a major advance toward solving the protein-folding problem in biology.

pZero: 2019; 48,000 petaFLOP
MuZero is a single system that achleved superhuman performance at
chass. arid shog! (Japanese chess) — all without ever Deirg told the rules.
100 petaFLOP AlexNet: 2012; 470 petaFLOP — -
A pivotal early ‘deep learning” system, or neural netwerlk with mary layers. that
uld recognize images of objects such as dogs and cars at near-hurman level.

-
1 petaFLOP = 1 quadrillion FLOP NPLM o P
- 4
Decision tree L -
-
ion FLOP TD-Gammon: 1992; 18 trillion FLOP @& LSTM e -
TD-Gammon learned to play backgammon at a high
level, just below the top human players of the time. ® LeNet-5

® RNN for speech

NetTalk: 1987: 81 bil ® ALVINN
NetTalk was able to learn to pronounce some English text by b given - Zip CNN
text as input and matching it to phonetic transcriptions. Amonsg lts many
limitations, it did not perform the visual recognition of the text itself.
1 billion FLOP Pandemonium (Morse) ® System 11
® Samuel Neural Checkers @
\ - Back-propagation

Neocognitron: 1980; 228 million FLOP

A precursor of modern vision systems. It could recognize

handwritten Japanese characters and a few other patterns.
® Fuzzy NN

10 million FLOP

® Perceptron Mark I: built in 1957/58; 695,000 FLOP

100.000 FLOP Regarded as the first artificial neural networlk, it could visually distinguish cards marked on the left side
. from those marked on the right, but it could not learn to recognize many other types of patterns.

® ADALINE: built in 1960 and trained on around 2,900 FLOP
An early single-layer artificial neural networlk.
1,000 FLOP

@ Theseus: built in 1950 and trained on around 40 floating point operations (FLOP)
10 FLOP Theseus was a small robotic mouse, developed by Claude Shannon,
that could navigate a simple maze and remember its course.

Pre Deep Learning Era

Deep Learning Era
ning computation grew in line with Moore's law, doubling roughly every 20 months.

Increases ng computation
erated, doubling roughly
every & months.

1240 1250 \ 1260 1270 1280 1220 \ 2000 2010 2020
1956: The Dartmouth workshop on Al, often
seen as the beginning of the field of Al research

The first electronic computers Tr:
were developed in the 1940s

1997: Deep Blue beats world
chess champion Garry Kasparov

a on training computation is taken from Sevilla et al. (2022) — Parameter, Compute, and Data Trends in Machine Learning.
estimated by the authors and comes with some uncertainty. The authors expect the estimates to be correct within a factor of two.

Licensed under CC-BY by the authors
OurworldinData.org — Research and data to make progress against the world’s largest problems. Charlie Giattino, Edouard Mathieu, and Max Roser




Exponentialité

&

Our blind spot comes from the fact
that we have lived in a linear world.

But today’s changes are exponential.
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Exponential Growth of Computing

Twentieth through twenty first century
Logarnthmic Plof

=3
=
=3
~—
o>
=
D
=
-
=
I3
=3
D
(753
—
D
=
0y
=
=
=
<
=4
<
3
O

1900 1920 1940 1960 1980 2000

Year




/0, GCSP

Stockage s
2022
LD L 2TB Mi SD XC
icro
Uitra Speicherkarte + A2
2 Smart Professional SD-Adapter
~ B =G (2TB) 2 TB
1?32?]8“305““! @ A1 Preis
5 Megahytes... $120,000 CHF 16650

256x5MB HCQHMpP Epa. nmdQnon Epa.




2013: 7,9nnéegour f,;u GCSP
2022 82 2méesiorr DONNEES

Sec ty Policy cy

0 n Qannéagannéee Données générées quotidiennement

Data Never Sleeps 1 .0 vs. Data Never Sleeps 10.0

5.9M 500 66K 347K 1.7M Joan 231M
684K
2M 100K
48 3.6K
2013 20822 2013 2022 2013 2022 2013 2022 2013 2022 2013 2022
GOOGLE YOUTUBE INSTAGRAM TWITTER FACEBOOK EMAILS
USER QUERIES HOURS UPLOADED PHOTOS SHARED TWEETS SHARED CONTENT SHARED EMAILS SENT

Source: https://www.domo.com/data - never -sleeps#data/ and https://explodingtopics.com/blog/dategeneratedper-day
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09.26.19

Amazon is injecting Alexa with
more artificial intelligence than
ever

Amazon is using neural networks and natural language models to improve Alexa’s
speaking style, give it new voices, and even notice that a user is unhappy with it.

LS
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Lost Weapons ostWeapons - Jan 29
Annnnd it gets worse. You can view individual routes if the person selects that

option. In a couple minutes ive been able to find the profiles of Lt Cols, C130
pilots, Italian soliders at mosul dam, past Ukrainian diplomats in syria,

amar Base camp perimeter
1.4 mi -0.0% 64 n

Your Best: —
CR: 10:58 (

IS

Nathan Ruser @Nrg8000 - Jan 27
A

- L. Not just US bases. Here is a Turkish patrol N of Manbij
T ”
A lﬁl&m‘h” o

2 - : o9 .
Tobias Schneldeé; GED Rawn;ley_ @a@vynsley Jan 27 )
. Some heavy jogging activity on the beach around what looks like the reported CIA annex
My focus is on Syl Lost Weapons @LostWeapc at Mogadishu airport
what do you guys think, they —__.___ .© AT AN W ol

system too. right next to the bombed out bunkers in PT
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The trip to Washington, D.C. The day of the protest At the Capitol
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MatthewKeegan - Bjo Brothet is watching: Chinese city

Mon 2 Dec 2019

with 2.6m cameras is world's most
heavily surveilled

10 cities with most surveillance cameras per person

@ Cameras B Population

0 5m 10m 15m 20m 25m
Chongqing, China (168 per 1,000 people)
I

W

henzhen, China (159 per 1,000 people)

I

L

Shanghai, China (113 per 1,000 people)

I

I

Tianjin, China (93 per 1,000 people)

I

L

Ji’nan, China (74 per 1,000 people)

—

London, UK (68 per 1,000 people)

=

Wuhan, China (60 per 1,000 people) O M h 5 F
|

= ne Month, 500,000 Face
Guangzhou, China (53 per 1,000 people)

Eeijing, China (40 per 1,000 people) SCanS: HOW China IS USing

Atlanta, US (16 per 1,000 people) AI to PrOﬁle a Mil’lority

Guardian graphic | Source: Comparitech
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ol 18:56 71% (@ )

14 Examen des photos

Sagara Ranjan Wijedasa (3) a ajouté une

photo sur laquelle vous apparaissez peut-
étre.

Ily a 6 minutes - @

ninar 2019

curity L:

== Militan
<= Military

Identifiez-vous

‘ lgnorer ’
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sl Kyivstar = .¢ 23:49 58% JF 4
< Examen des photos
Examen des photos Parameétres

Sergiy Korsunsky [1 ami(e) en commun)
" a ajouté une photo sur laquelle vous o
apparaissez peut-étre.
,a10:38 -

~ “HYBRID THREATS
Recognize, Adjust and Respon

019

Identifiez-vous

[ Ignorer ’
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. Jean-Marc Rickli @Dr_JMRickli - Mar 15 cee sl
@1]2 NBUJ ﬁﬂl’k © #Ukraine has started using Clearview #Al’s facial recognition during war
potentially vetting people at checkpoints. Clearview has >2 billion images ten te Steten
Th S from the Russian social media service #VKontakte at its disposal, out of a >
e ecr database of >10bio photos total
Company 1gs-App
Mlght End a Clearview haben Beamte

ei St. Gallen die umstrittene
as We Kn

uchen. j
@ By Kashmir Hill

Published Jan. 18, 2020 Updated Marc

D 54 Kommentare ﬂ> N

Why Clear®. ousall

Exclusive: Ukraine has started using Clearview Al’s facial recognitio...
Ukraine's defense ministry on Saturday began using Clearview Al’s

The surveillance SYSteITl facial recognition technology, the company's chief executive told ... T.

February 12th, 2020

— a— ~ -~
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YOU SEE THIS
RUSSIAN TROLL
FARM STORY?!
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E Heart of Texas
= United Muslims of America event MAY 21,2016 / 12.00 PM! 'l,“l wr ;
© sm lm“uﬂw OF Tm This page is about our best state! Lone Star of Blessed America!

The time has come to understand one simple thing: we the American ]
muslims are as American

"

' |
“ )
| @

Sl 8o of 'mjd.'-

L

‘- Heart of Texas

"Si.ppor*t H.i(,La.éj. ‘ ” - » - | =

ol Like Page

It's not about the reason, it's all about the time!
Texas holds a strong state identity and more conservative ideclogy than

r 2 .
o - . | s o ; -
ave Ameccican u_J(,w[ : SR i 1. i e ot o courry
’ ~ ) ’ - 6 ; It be enough for Texas to woke up and say "We're done with Washington!".
N 1 < Texas has the power 1o become independent
‘ R . _y 2 ‘ Hillary's presidency will only become a stronger push for us 1o secede, but
’ 8. she also can do anything o prevent us from it! ... See More

Support Hillary. Save American Muslims!
9 Sat 1 PM EDT - The Obama White House - Wash

il Like 8 Comment

9:55 PM CET B8

THE WORLD
EIT N | ol Like @ Comment 7 Share
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Comments and shares
on Dom’s Win The Win
posts

Comments and shares on
Dom's personal timeline

Dom'’s posts on his
personal timeline

Avg. comments and shares on

Dom's posts on <% Mr. Panayides posts
Win The Win

Note: 7-day moving average. By The New York Times 1}

Begins posting
about coronavirus
conspiracy theories\

Note: 7-day moving average. By The New York Times
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https://www.thispersondoesnotexist.com
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Timeline of images generated by artificial intelligence SO

These people don’t exist. All images were generated by artificial intelligence.

2016

Goodfellow et al. (2014) — Generative Adversarial Networks Radford, Metz, and Chintala (2015) - Unsupervised Liu and Tuzel (2016) — Coupled GANSs

Representation Learning with Deep Convolutional GANs

et al. (2019) - Analyzing and Improving
age Quality of StyleGAN

e Growing of GANs Laine, and Aila (2018) — A Style-Based Generator Karra
rcture for Generative Adversarial Networks the Iy

nd Variation

s et al. (2017) - Progre!
nproved Quality, Stabil

2 O 2 O 2 O 2 lrnage generated with the prompt: 2 O 2 2 Image generated with the prompt:
a COUPIe of people are sittingon a “A Pomeranian is sitting on the King’s
throne wearing a crown. Two tiger
soldiers are standing next to the throne.”

Ho, Jain, & Abbeel (2020) - Denoising Diffusion Probabilistic Ramesh et al. (2021) - Zero-Shot Text-to-lmage G ation Saharia et al. (2022) - Photorealistic Text-to-lmage Diffusion
(OpenAl's DALL-E 1) | Models with Deep Language Understanding (Google's Imagen)

Models

s against the world’s largest problems. Licensed under CC-BY by the authors Charlie Giattino and Max Roser

OurWorldinData.org Research and data to make progres
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Total number of deepfake videos online

14,678

Total number of video views across top four
dedicated deepfake pornography websites

154,504,453

The State of Deepfakes, DeepTrace, 2019

percentage of deepfake
videos online by

pornographic and
non-pornographic
content

16/05/2023
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New York Post & @nypost - Mar 17 ... 1ke cancerous nodes in CT

Deepfake video of Zelensky telling Ukrainians to surrender removed from lﬂlWﬂI‘B tI'iCk radiologists
social platformstrib.al/vQ84TIR ’

you have 24 hrs to
send the money

a) Attacker identifies target

b) Attacker “strips” image using Telegram app
) Attacker extorts the target

d) Attacker deploys image for public shaming

| advise you to lay down your arms 5 N Washington Post,
and return to your families : X 3 April 2019

Pennsylvania Real-Time News

Pa. woman created ‘deepfake’ videos to fu. «o <1 wnn
off daughter’s cheerleading squad: police

Updated Mar 17, 2021; Posted Mar 12, 2021

Defense One, 31 March 2019

16/05/2023
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Deepfake: How disinformation fools our
brains and damages democracy

by Gavin Ellis / 20 February, 2019

AAlorsque lavérité sepropagerarementau-delade 100
personnes le top 1% dersouvellesreposantsur desmensonges
sepropagentS y i NB M 1 n sperssnnesy faut&dois plus

de tempsalaverité que lesmensongegour atteindre 1500
personnes

16/05/2023 28
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Fake faces created by Al look more
trustworthy than real people t

)
Synthetic human faces are so convincing they can fool even trained observers, and

they may be highly effective for use in scams

f A RONin N

TECHNOLOGY 14 February 2022

IIGUAITIIVII MelTIUVvVIVL b E—
February 11,2021 1.29am GMT o

16/05/2023 29
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Can an artificial intelligence chatbot assistant provide responses to patient questions
that are of comparablguality and empathyo those written by physicians?

{1 Empathy ratings

L Quality ratings

Chatbot
/ A\
\
Physicians .':
2 2 pa O\ Physicians Chatbot Yy v
= w 2\ / \
g Q:J / \“. P\\/ = / \*\ y ‘.
o a \ y Ve e
4 N
,-—/’ -
. T T 1 : T T T |
Acceptable Good Very Not Slightly Moderately Empathetic Very
good empathetic empathetic empathetic empathetic
Response options

poor
Response options
Source: Marcel Salathé: https://digitalepi.substack.com/p/wkatratgptis-better-than-your

16/05/2023



a snail made of harp. a snail with the texture of a harp.

AI-GENERATED IMAGES

an armchair in the shape of an avocado. an armchair imitating an avocado.

AI-GENERATED IMAGES

A

16/05/2023 31



a Centre for
s inliy

Algorithmes et créativité ¢, GCSP

-
\

0O Meta Al 0O Meta Al 0O Meta Al




Algorithmes et créativité

¥ Akash Jain

WP ©~kashiaing7

Here are 10 amazing things #ChatGPT can do.
(Answer by chatGPT)

1. Create a personalized news feed with chatGPT

2. Use chatGPT to automatically answer customer
service questions

3. Make a virtual assistant to help with everyday tasks

1:25 PM - Jan 20, 2023 - 79 Views
4 Likes

@) L) QO

G Tweet your reply

) Akash Jain @Akash_Jain97 - 20h
'a Replying to @Akash_Jain97
4. Generate custom images and videos from text prompts
5. Automatically generate webpages with chatGPT
6. Create virtual reality experiences based on conversation
7. Generate online reviews or product descriptions with chatGPT
8. Create virtual pet avatars that can talk back

Q1 ! (VAR i 33 A

-

- Akash Jain @Akash_Jain97 - 20h
‘-;“ 9. Train your own Al bot with chatGPT
10. Connect chatGPT to a voice recognition system for interactive
dialogue

(@) ! Q1 il 28 &

9
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Keef / Keefy / KF @StickyRiceKeefy - Jan 18

Soo.. after listening to JamesLo and Calin Drimbau talk about everything
#chatgpt at @Hotbed Founders Camp yesterday..

| just had to.. &

| ask for things | can do with my dog.. in London.

| was given 10 suggestions. out of which 1 is incorrect. #prettycool

M recommend things to do with my dog in london

@ There are many things you can do with your dog in London! Here are a few

suggestions:

Take a walk in one of London's many parks, such as Hyde Park, Regent's
Park, or Greenwich Park.

Visit one of London's many dog-friendly pubs, such as The Dog House in
Clapham or The Lord Nelson in Greenwich

Take your dog on a sightseeing tour of London by boat, such as the
Thames Clippers or City Cruises

Visit Battersea Park which is a dog-friendly park and has a playground for
kids as well

Visit one of London's many pet stores and pick up some new toys or
treats for your dog.

Take your dog to a dog-friendly beach such as Mudchute Park & Farm
and enjoy a fun day out

Visit one of the many dog-friendly museums and galleries in London, such
as the National Gallery, the British Museum, and the V&A.

Visit the dog-friendly events such as the annual "Bark in the Park"
festival, where you can enjoy live music and entertainment with your dog.
Take your dog to one of London's many dog-friendly cafes, such as
Peggy Porschen in Belgravia and The Bulldog in Soho

Visit one of London's many dog-friendly shops, such as the Fortnum &




