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Innovare nell’era dell’artificial intelligence

Francesco M. Sacco
Universita dell’Insubria e SDA Bocconi, StartUp Economy, Kebula, S3K



TECH

Elon Musk says global race for A.l. will
be the most likely cause of World War i

=

1
1] *
{

PUBLISHED MON, SEP 4 2017~5:52 AM eDT | UPDATED MON, SEP 4 2017‘616 AM EDT 4
L

9 Ryan Browne “
aRYAN,BRO\NNE, '
4

b

KEY o Elon Musk said Monday that artificial intelligence could be the “most likely” cause of 1
POINTS a third world war ’

e Russian president viadimir Putin said Friday that the first globa\ |eader in Al would
“pecome the ruler of the world”
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Alibaba’s Jack Ma suggests {
technology could resultinad new world
war
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KEY « Masaid that history shows techno\cgica\ innovation is a primary factor pehind ¢
POINTS global conflicts.

P
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e |rsnotthe first time the business \eader has made sucha warning — he made @
similar comment in 2017

P

PO

e |nreference to the Google motto «don’t be evil” Ma said that tech firms not being
evil is “not enough” !
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1 intelligence

putin: Leader in artiﬂcia
will rule world
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KEY e Pputin says that whoever reaches @ breakthrough in developing artificial intelligence
will come 10 dominate the world.

PO\NTS
S a monopo\'\st

e putin warned that “it would be strongly undes'\rab\e if someone win

pos‘\\ion".

Russian president Viadimir Putin gestures as he speaks to ]ouma\is(s following @ live nat’mnwide proadcast call-inin MoscoW, Russia

June 15, 2017.



COME E POSSIBILE?



SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per popolazione...
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Fonti: Ns. elaborazioni su media delle ricostruzioni storiche fino al 1950; dal 1951 dati e previsioni ONU



SIAMO IN UN

Per popolazione...

MONDO IN CRESCITA ESPONENZIALE

wsmPopolazione mondiale emmsla grande crescita
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SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per popolazione...

wswPopolazione mondiale emmsla grande crescita  esswPrevisioni
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SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per popolazione (revisione 2022)...
World population growth, 1700-2100

—/\_Annual growth rate of the world population

___AM world population

?\33’?) 10.43 Billion
in 2086

9.7 Billion
in 2050

8 Billion
in 2023

in 1950

2 Billion
in 1925,

0.04% was the average
population growth rate -

tween 10,000 BCE 1 billion
and 1700 in 1805

1750 1800 2000 2050

Projection -0.1%

(UN Modium Fertiity Variant)

2023

rid in Data based on HYDE, |

1y OurWorldinData.org,

Jing. Licensed under CC-BY by the autho d




SIAMO IN UN M

Ma anche in un mondo

100%
90%
80%
70%

60%

Share of the World Population living in Absolute Poverty

ONDO IN CRESCITA ESPONENZIALE

migliore in termini relativi...

e ———— @ ‘Living in poverty' (Bourguignon and Morrison data)
s \-‘Iiilng with less than 28 per day

84% an ¥ R

60%

52%

50% @ ‘Living in extreme poverty' (Bourguignon and Morrison data)
= living with less than 1$ per day
40%
30% o et
Living with less
than 1.90$ per day
(World Bank data)
20%
16%
9.6%
10% (projection for 2015)
0%
'\%’LQ »\%b‘g \‘660 \%%Q \900 »\QQ‘Q \pr \‘360 \9%0 \‘39’0 fLQQQ 19\0«19\6

Data sources: 1820-1992 Bourguignon and Morrison (2002) - Inequality among World Citizens, In The American Economic Review; 1981-2015 World Bank (PovcalNet)
The interactive data visualisation is available at OurWorldinData.org. There you find the raw data and more visualisations on this topic. Licensed under CC-BY-SA by the author Max Roser.



SIAMO

IN UN MONDO IN CRESCITA ESPONENZIALE

...e in termini assolufi

World - Number of people living in extreme poverty | World - Number of people not in extreme poverty
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SIAMO IN UN
MONDO IN
CRESCITA
ESPONENZIALE

Anche grazie ai progressi
della medicina...

The long-run history of child mortality Our World

Shown is the share of children who died before reaching the end of puberty.
The exact age cut-off differs slightly between studies, but is around the age of 15.

in Data

o« Teotihuacan (Mexico) 550-700
62%

60% Roman Egypt
around the year O
e 57% Poland 1875
Wari (Peru) 095%
600-1100
Teotihuacan (Mexico) $33% Japan 1776-1875 Venice 1800-1900
Rome 200 BCE-200 300-550 Sweden 1600-1700
50% 50%. 49% Japan 1300-1400 50%e  *50% Bavaria (Germany) 1750-99
Average across  Nasca (Peru) 48%. A8%s .
17 hunter-gatherer 48% is the average mortality rate  France 1600-1700 *47% West Indies 1820-32
societies: 49% ® 45% across these 21 historical societies 40-50%.e #45% Imperial China 1650-1800
Mallorca (Spain) ® 44% France 1816-50
400-200 BCE C?]'igieizt@h'g‘n 1800 41% Belgium 18001900
40% Italy 1700-1800 40% Sweden 1750-80
higher than 40%
30% Global mortality rate in 1950
27%
20%
Somalia has the highest
*14% mortality rate in the world.
10%
Global mortality rate in 2020
4.3%
Iceland, Finland, Norway,
40.3% Japan, and Slovenia have
300 BCE 0 500 1000 1500 2020 the lowest mortality rates.

Data sources: Volk and Atkinson (2013), Human Mortality Database, and UN IGME Licensed under CC-BY by the author Max Roser.
This is a visualization from OurWorldinData.org, the online publication for research and data to make progress against the world's largest problems



UN MONDO IN CRESCITA ESPONENZIALE

Per PIL...

World GDP over the last two millennia
Total output of the world economy; adjusted for inflation and expressed in international-$ in 2011 prices.
$100 trillion

$10 trillion

$1 trillion

1 500 1000 1500 2015

Source: World GDP - Our World In Data based on World Bank & Maddison (2017) OurWorldinData.org/economic-growth e CC BY



SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per globalizzazione...

La globalizzazione negli ultimi 5 secoli
"Trade openness index": somma di export e import mondiale diviso peril PI L mondiale.
Ogni serie comisponde a una diversa fonte
8000 3
World Bank (WD)
Penn World Tables (9.1)
50% X
40%
3000 e
20%
Klasing and Milionis (2014)
Ly Klasing and Milionis (2014) (based on
0 b Maddison)
10/0 S R, - "Estevadeordal, Frantz’ andTaleI‘
/—/ (2003) (upper bound)
. Estevadeordal, Frantz, andTaylor
0% e——— ; ‘ (2003) (lower bound)
1500 1600 1700 1800 1900 2017

Fonti: Klasing and Milionis (2014), Estevadeordal, Frantz, anBaylor (2003), World Bank, Feenstra et al. (2015) PenriWorld Tables 9.1 CCBY



SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per uso del terreno...

Land use over the long-term, World, o to 2016

Total land area used for cropland, grazing land and built-up areas (villages, cities, towns and human infrastructure).

Built-up Area

4 billion ha

Grazing
3 billion ha

2 billion ha

1 billion ha
Cropland

0 ha
0 500 1000 1500 2016

Source: History Database of the Global Environment (HYDE) OurWorldinData.org/land-use * CC BY



SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per calo dei costi della tecnologia ...

Costs of 66 different technologies over time, 1930 to 2013 Our World

in Data

$10,000 -----nrmmmrrmmnmmrmn e an e SR
—— Wind Turbine (Denmark)

$1,000

—— Laser Diode

—— Milk (US)

__— PolyesterFiber

—— Aluminum

_—— Concentrating Solar

_— Ethanol (Brazil)

__— DNA Sequencing

——— Geothermal Electricity
Nuclear Electricity

1930 1940 1950 1960 1970 1980 1990 2000 2013

Source: J. Doyne Farmer and Francois Lafond (2016) CCBY



SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per calo dei costi della tecnologia ...

Costs of 66 different technologies over time, 1930 to 2013
$10,000 —— Wind Turbine (Denmark)
Laser Diode
Milk (US)
$100 PolyesterFiber
—J~ Aluminum

—~ Concentrating Solar
L Ethanol (Brazil)

L DNA Sequencing
Geothermal Electricity
Nuclear Electricity

—— Hard Disk Drive
$0.0001

—— DRAM
T4 B A

_ — Transistor
1

1930 1940 1950 1960 1970 1980 1990 2000 2013

Source: J. Doyne Farmer and Francois Lafond (2016) CCBY



SIAMO IN UN MONDO IN CRESCITA ESPONENZIALE

Per potenza computazionale...
Computational capacity of the fastest supercomputers

The number of floating-point operations® carried out per second by the fastest supercomputer in any given year. This is
expressed in gigaFLOPS, equivalent to 10’ floating-point operations per second.

1 billion
100 million
10 million
1 million
100,000
10,000

1,000

1993 2000 2005 2010 2015 2022

Data source: TOP500 Supercomputer Database (2023) OurWorldInData.org/technological-change | CC BY




Come e stato possibile?
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wPotenza militare
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L’addesiramento di GPT-3 e stato 45 TB di testo

Tanti dati...

GPT-3 Training data Thompson's analysis of the individual sources of GPT-3 training data
Dataset = Content Raw size Weight Composition  Amplification CommonCrawl WebText2 (Reddit links)
(tokens,  (intraining  (actual % of (or Google Patents 0.48% Google 3.4%
~words, in mix) total content suppression) The New York Times 0.06% Archive 1.3%
billions) mass) Los Angeles Times 0.06% Blogspot 1.0%
The Guardian 0.06% GitHub 0.9%
c Public Library of Science 0.06% The New York Times 0.7%
C(:arcvrlnon web corpus, Forbes 0.05% Wordpress 0.7%
incl. images, Huffington Post 0.05% Washington Post 0.7%
links=3.20n 410 60% 82% 027 Patents.com 0.05% Wikia 0.7%
pages Scribd 0.04% BBC 0.7%
Other 99.09% Other 89.9%
WebText2 —
reddit links = " ” Books1 & Books2 English Wikipedia
45m high B 20 % +5.00 Romance 26.1% Biography 27.8%
quality pages Fantasy 13.6% Geography 17.7%
Science Fiction 7.5% Culture & Arts 15.8%
Books2 | 200k books 67 15% 13% +0.15 Young Adult 6.8% Biology, Health, Medicine  7.8%
Thriller 5.9% Sports 6.5%
Wikipedia Mystery 5.6% Business 4.8%
lgr;g;vilﬁdge 3 5o 19% +5.00 Vampires 5.4% Other society 4.4%
. ’ ’ ' Horror 4.1% Science & Math 3.5%
English lang.

Other 18.0% Education 1.8%



More and more data

As a rule of thumb, to develop an _le+12 @%
. v GPT-3 1998
efficient Al model, the number of € LD T S:
L. . (o) GloVe (32B) -
training datasets required should be R1e+10 I ;mgan
s o
10x more than each model parameter, S 5 w gy seratenll o O [@
also called degrees of freedom. 9 e s cy A -
0 O el B
o % ovelt
. . .. 022 [
The "10' times rules aim to limit the g o5 o.--ge o oo
. .- . . . © O s O
variability and increase the diversity of 2 ey O O I
data e =19 = =
) £ O
E = O
b= le+2
1988 1992 1996 2000 2004 2008 2012 2016 2020

Publication date

CC BY Epoch



Serve tanta capacita di calcolo

Computation used to train notable artificial intelligence systems

100bn
10bn
1bn
100m
10m
m
100k
10k
1k
100
10

1

0.1

PetaFLOPS
GPT-4 ®
PalLM (540B)
- GPT-3 1758 (davinci) DALL-E
GPT-2, considered the first large language Ak ZarG o1ip . e @ LaMDA
model and created in 2019, contained 1.5 < -
i BigGAN-deep 512x512 153z @ ViTH14 ¢ @ NUB
bn parameters and cost an estimated IESERFOeCE "\ ™ 4
US$50,000 to train. PaLM debuted three onmT @ ° e ° ® Gato
i illi Whisper
years later with 540 billion parameters and AlphaGo Fan i . p
an estimated US$8 million cost. wave2vec 2.0 LARGE
MRSA-
AlphaFold @
VGG16 Xception/. o
\ GPT Sparse all-MLP
TransE @ PNASNet-5 °
AlexNet ® -ans Transformer
L BERT-Large
KN5 LM + RNN 400/10 (WSJ) ® R-FCN

Word2Vec (large) @ N
ADAM (CIFAR-10)
®
® NPLM .
Feedforward NN Image generation
Decision tree (classification)

0 Bi LSTM for Speech

Image Classification with the Fisher Vector: Theory and Practice
6- Iayer MLP (MNIST)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

@® Multimodal @ Language @ Drawing @ Speech Vision Games Other

Language Model size in billions of

parameters

+574,368%
in 3 years

PaLM
(540bn)

GPT-3
(175bn)

o Turing-NLG
(17.2bn)

GPT-2
(1.5bn)

ELMo
(0.09bn)

P Gt S S e e G o e S T G R

N
o
N
N

2020

2019



| dati sono molto concentrati

Ma i dati sono molto concentrati alla fonte...

Global data amount created per year in zettabytes’

+4,458% —*
...generates 4 petabytes of data per day, all that data is stored in
2142 facebOOk what is known as the Hive, which contains about 300 petabytes
of data
@ WhatsApp  --Users (2.5 billion globally) exchange up to 65 billion messages
daily
Goo Ie ... receives over 40,000 search queries per second that amount to
612 g 3.5 billion searches daily and 1.2 trillion searches per year (2020)
175 . : :
...hosts its estimated 1,000,000,000 gigabytes of data across more
47 Z
2 12 33 a@on than 1,400,000 servers
‘ ’ 4’ T T T 1
2005 2010 2015 2020 2025 2030 2035
x 1,000 x 1,000 x 1,000 x 1,000 x 1,000 x 1,000 x 1,000 x 1,000
[ @- ‘g . 2 . 2 @ s 4 . . ]
Byte Kilobyte Megabyte Gigabyte Terabyte Petabyte Exabyte Zettabyte Yottabyte



| dati sono molto concentrati

Ma anche il loro prodotto...

Profiling and targeting data repositories overview for major tech players

Companies
NETFLIX

2

Alibaba.com

© Spotify facebook.
Tencent il P PayPal

Google ¢ Apple

BB Microsoft

amazon
S~

gathering...

Hin

Customer

comprising...

Demographics
name, gender, birthday, relationship status, ethnicity, work
status, education, income level

Health
heart rate, weight, diseases, activity level, calorie intake,
time slept

Profiles

Devices

devices in use, phone number, email Address, IP
addresses, apps used, mails, contacts, phone calls, chat
messages, calendar events, search history, websites
visited, videos watched, music listened, browser
information, video & photo uploads, purchase history, ads
clicked, voice data, facial recognition data, fingerprint data

Geo
current location, physical address, places visited (trip &
vacation data), accommodations booked

Highly sensitive
credit card information, bank data, dept data, net worth,
government ids (social security or drivers license numbers)

)

enabling...

D 2 ® g ®

Cross-domain and
cross-device identity

User profiles and
segment creation

Predictive marketing

Advertising
deployment

Product optimization

Fraud detection



| dati sono molto concentrati

E anche il loro risultato (ad esempio, nell’advertising)...

Ad spending shares: Digital Advertising and Traditional Advertising
100%

90%

80%

70%

Digital Advertising
60%

Traditional Advertising




La capacita di calcolo e concentrata

| data center sono I'habitat dei big data e della Al

Number of data centers

u.s.
Germany
UK

China
Canada
Australia
Netherlands
France
Japan
Russia
Mexico
Brazil
India
Poland
Italy

| 2.701

| 487

| 456

| 443

T 287
[ 281
T 264
T 207
172
] 153
] 150
] 138
1 136
13

Source: Cloudscene, 2022

328

700

Global figure of hyperscale data centers 2015-2021

Number of hyperscale data centers

2020 2021
Source: Synergy Research Group, 2022

2015 2016 2017 2018* 2019



La spesa in R&D e esplosa tra i grandi del cloud...

R&D spending by big tech companies in billion US$™"

219.7
39.5 9.4
e, 1 1.5
26.3 i
245 76.9
2020 2022 2023

Il Meta HM Amazon I Alphabet B Apple Microsoft Forecast

Higher R&D spending
than Germany in
2022 (143.1 bn.)

@

Higher R&D spending
than automotive in
2022 (124 bn.)
DumC

=

Higher R&D spending
than GDP in Hungary
in 2022 (198 bn.)

™

« B Microsoft Expanded partnership with OpenAl, launched
Bing Al and Microsoft 365 Copilot, reported 2,500 Azure
OpenAl customers, and expects Al to drive cloud growth.

« Alphabet Combined DeepMind and Google Brain,
launched chatbot Bard, showcased Al-focused search
functions, and aims to boost cloud revenues with Al.

« @MAZON |nvesting in generative Al and LLMs, launched
AWS Bedrock for LLMs, and will use Al to drive advertising
business growth.

« 00 Meta Focused on Al for R&D and Metaverse topics,
monetized content with Al recommendations, and leverages
Al for business messaging and WhatsApp profitization.

- & Apple Focused previously on hardware, expanded
services segment, uses Al in products but needs to innovate in
order to maintain market advantage.



Nvidia sta prendendo un ruolo guida nell’ Al

Per le sue performance...

L] Manufacturer
40 billion o..
] NVIDI&
30 billion
e
Q L ]
§ 20 billion ®
[ ®
[ ] ] .
L ]
®e = e
LY N % ° ¢
L ]
10 billion g .
& o{ [] = L] ]
..' e .. [ ] L] -
[ ] oy .. .
Souds | ".~.=:"' %a . ':.' e - $ g
®
o-._l_“.__JL‘!wi_:_sxn_'_O.: g°° ‘1‘91 [ I 2 S
Apr 30, 2006 Feb 7, 2009 Nov 4, 2011 Jul 31, 2014 Apr 26, 2017 Jan 21, 2020



Nvidia sta prendendo un ruolo guida nell’ Al

Anche grazie a partnership e collaborazioni

Nvidia‘’s company valuation in billion USD Nvidia GPU Performance measured in TFLOPS("
1,200 -~ o H100
o5 1,050 22 A100
1,000 - Quadro PCle
20 + Quadro RTX8000
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600 -
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400 1 323 2o
4 144 5
200 4117 81 )
0 O T T T T T T T T T 1

2017 2018 2019 2020 2021 2022 2023 June23 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Impact on earnings EBIT by semiconductor key activities in US$ billion Impact of artificial intelligence on semiconductors EBIT in US$ billion
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Nvidia sta prendendo un ruolo guida nell’ Al

Anche grazie a partnership e collaborazioni

Nvidia’s company valuation in billion USD

Nvidia GPU Performance measured in TFLOPS™
1,200 1
987 1,050 25 A HCIDO
1,000 - Qiatiro PCle =
RTX8000
800 735 Quadro T
15 GP10/
Quadro
600 Quadro
/\ 10 Tesla K6000 000 ~10x
400 323 BRS¢ K1
o=
200 {117 g 144 5
0 04 , r : r - . r T T !
2017 2018 2019 2020 2021 2022 2023 June23 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Impact on earnings EBIT by semiconductor key activities in US$ billion

Impact of artificial intelligence on semiconductors EBIT in US$ billion

~85-95

~35-40

12

6 5
B
Il =

Capital ~ Research Chip
allocation

7
3 —
= I
—

ProcurementSales and Sales and EBIT from

w
0
N
N

Manu-

design  facturing operations pricing increasing

revenue

Il Current gains Il Near-term potential®™ Bl Long-term potential@



LLM sono molto energivori

“Google reported that training Pal.M took about 3.4

gigawatt-hours over about two months. That s the

annual energy consumption of about 300 US
households.”

‘ Feature

INAL IS BIGGER BETTER?

As generative artificial-intelligence models get larger, some scientists
advocate for leaner, more energy-efficient systems. By Anil Ananthaswamy

ificial h
can churn out fluent text, such as

often get ly test of its
reasoning abilities, ChatGPT scored just 26X

OpenAl's ChatGPT, are

“The chatter in the community is that this
is really kind of astounding” says Sébastien

But

Y.

the MATH dai y-schooklevel

«queries that require reasoning to

This is to be expected: given input text, an
u

Bubeck, a hine-l ing specialist at

Minerva had the advantage that it was

answer, e language mod- trained on lated texts, But

els (LA Take, for ,sym- Google’s important

instance, this bols keup I's ~ its sheer size.
i ifjustlearn It i ChatGPT.

Aline parallel to y = 4x + 6 passes
through (5, 10).

What is the y-coordinate of the point
where this line crosses the y-axis?

Although LLMs can sometimes answer
these types of question correctly, they more

202 | Nature | Vol 615 | 9 March 2023

ing language patterns could allow LLMs to

The Minerva results hint at something that

But back in June 2022, an LLM called
Minerva, created by Google, had already
defied these expectations — to some extent.
Minerva scored 50% on i in the

LLMs, and
data, could give them the ability, through
pa

1fs0, some

MATH data set’, a result that shocked some

vited Allfights reserved

Alresearchers say that this ‘bigger is better’

I ———



| LLM sono molto energivori

€he New Hork Eimes

SUBSCRIBER-ONLY NEWSLETTER
Climate Forward

A.lL Could Soon Need as Much
Electricity as an Entire Country

Behind the scenes, the technology relies on thousands of
specialized computer chips.

“...by2027 A.1 servers could use between 85 to 134 terawatt hours (Twh) annually”



More and more money

OpenAl has projected that the cost of
training large Al models will increase
from $100 million to $500 million by
2030, with the cost of training a single
model ranging from $3 million to $12
million.

The cost of training a model on a
large dataset can be even higher,
reaching up to $30 million

45

Trillions of Dollars (Linear Scale)
= = N N w w B
o w o w (=] [%,] o

v

Predicted Cost of
Largest Al Model

----- Predicted U.S. GDP

Total U.S. GDP

2.2% of GDP (Annual Cost
of Apollo Project)

Cost of the Higgs
Boson Search

Cost of the NIF

X

2022 2023 2024 2025 2026 2027
Year

Source: CSET. Note: The blue line represents growing costs assuming compute
per dollar doubles every four years, with error shading representing no change
in compute costs or a doubling time as fast as every two years. The red line
represents expected GDP at a growth of 3 percent per year from 2019 levels
with error shading representing growth between 2 and 5 percent.



Una cronologia

Al timeline with selected events

Eliza (1965) Siri (2008) Alexa (2014) Chat GPT (2022)
First chatbot released by Apple’s virtual assistant  Amazon'’s virtual Chatbot model
Joseph Weizenbaum with a voice interface  assistant released by OpenAl
Logic Theorist (1956) Backpropagation Algorithm (1986) Deep Blue (1997) Waymo (2017)
Designed to prove Revolutionized the field of neural IBM's supercomputer to surpass Google’s au.tonomou.s Gar
mathematical theorems networks human expertise in complex games fleet test with 500 minivans
PHASE 2 PHASE 3 PHASE 4
Limited memory Theory of mind Self-awareness
1950 1980 2010 2022 seo
Artificial Intelligence Machine Learning Deep Learning Advanced Deep Learning
Cannot use past experiences to Can form memories and draw from past Al systems that are Fully self-aware and capable of
influence current decisions; behaves experiences; cannot make significant influenced by other entities learning from scratch without

exactly the same way each time improvisations based on memories and learn contextually instructions



Una vista d’insieme

L
Al location in family of general-purpose technologies

—

T Decision
&4y making

{0} Increased
accuracy

Solve

{D complex

problems | |

Perform
high level
compu-
tation

—_—



C’'e stata recentemente un’esplosione di modelli

] S BHow O 0O

Megatron-LM Turning-NLG Jurassic-1 Copher Chinchilla
.f’@ .g
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E un grande successo di pubblico e dirisultati
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E un grande successo di pubblico e dirisultati

Progression of GPT Models on the Multistate Bar Exam (MBE) Exam results from GPT-3.5 and GPT-4 estimated percentile lower bound
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L'Al generativa puo produrre un ampio range
di risultati

Generative Al

Generating content
and ideas
Creating new, unique
outputs across a range
of modalities, such as a
video advertisement or
even a new protein with
antimicrobial
properties.

Improving efficiency
Accelerating manual or
repetitive tasks, such as
writing e-mails, coding,

or summarizing large

documents.

Personalizing
experiences
Creating content and
information tailored to
a specific audience,
such as chatbots for
personalized customer
experiences or targeted
advertisements based
on specific customer

behavior patterns.

Image (video)
generation
Midjourney

DallE

Text generation
ChatGPT
Hugging Face

Audio generation
Tacotron 2
WaveGAN

Examples of Generative Al technology

Input E Output §

“Data taking over the world, it's true it's
data taking over the growing like an egg that's due, It's
everywhere we go, it's taking over slow.

world, include the word . :
egg" But it's the future, there’s nothing we can
dou

“Write a limerick about
Chat GPT

creating fictional and
realistic pictures
based on input
prompts

prompt for image
generation, such as
rabbit wearing a hat

.Write a script to change
a website’s background
color in Python”

Python code for changing the website's
background color




L'Al generativa puo produrre un ampio range

di risultati

Unimodal and multimodal Generative Al models™

|
. i Pre-train
Instruction i Result
Please write a story  Prompt Generative Decode . Onceupona
about a cat Al Models time, there
was a cat ...
Multimodal
Instructions Data Results
1) Describe this : This is a cat
/7

. | Pre-train
picture .

Generative

of a cat Al Models

3) Write a song
about a cat

Technology used in Generative Al models

Generative Adversarial Variational Flow-based
Networks (GANSs) Autoencoders (VAEs) Generative Models
T

GANs are highly effective
in generating realistic
multimedia, including
deepfakes, movie dubs,
and images from text
descriptions.

They utilize a generator
network to create
contentand a
discriminator network to
assess the realism of the
generated data.
Through iterative
training, GANS
continuously improve
their ability to generate
data that closely
resembles reality.

+ VAEs are commonly used
in signal analysis tasks.

+ They utilize encoder and
decoder networks within
an autoencoder
framework.

+ VAEs focus on efficient
data representation and
reconstruction,
minimizing errors
between original and
reconstructed data.

+ Used for cleaning data,
predictive analysis, data
compression, and
reducing data
dimensionality.

+ Flow-based generative
models are commonly
used for generative Al
tasks.

+ Aflow-model architecture
is used to map a simple
distribution to a complex
data distribution.

* Flow-based models learn
the mapping through
invertible
transformations, allowing
efficient sampling and
likelihood estimation.

+ Used for generating
realistic images, text, and
other types of data.




L'Al generativa puo produrre un ampio range
di risultati

Funding amount in billion US$ and number of funding Distribution of funding for Generative Al in million US$ for 2021 to 2022

rounds for Generative Al
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Le tribu dell’intelligenza artificiale

Simbolisti: si concentrano sull'uso di simboli, regole e logica per rappresentare la conoscenza e dedurre nuove
informazioni. | loro algoritmi preferiti sono i sistemi basati su regole e gli alberi decisionali.

Bayesiani: Questa tribu valuta la probabilita di risultati diversi per fare inferenze probabilistiche. Spesso usano
metodi bayesiani, inclusi algoritmi come i modelli Naive Bayes o Markov.

Connessionisti: | connessionisti si ispirano al funzionamento del cervello umano e si concentrano sui modelli
di apprendimento attraverso le strutture delle reti neurali, che sono composte da nodi (come i neuroni) collegati
da bordi (come le sinapsi).

Evoluzionisti: utilizzano algoritmi che imitano |'evoluzione biologica, come gli algoritmi genetici, per generare
una varieta di soluzioni e poi farle evolvere nel tempo in base alla loro idoneita per un determinato scopo.

Analogizers: questo gruppo si concentra sulla ricerca e l'ottimizzazione di funzioni basate sull'analisi di
somiglianze o analogie. Spesso impiegano macchine a vettori di supporto (SVM) che trovano il confine ottimale
(o iperpiano) tra diverse classi di dati.
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| connessionisti

Deep Neural Network
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| neuroni artificiali
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Logic interpretation
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FUNCTIONAL COMPLETE!



La geometria dei neuroni
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NEURON AS PATTERN MATCHING
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THE XOR (EQ) PROBLEM
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MULTILAYER PERCEPTRON
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Macaque

Marmoset
Squirrel @ Chimpanzee
@ New World Old World 77 .
Monkeys Monkeys \" I
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Mouse
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Ancestor
Cat PLACENTALS TN
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[ primary visual area (V1) Opossum Leah A. Krubitzer and Adele M. H. Seelke
D primary auditory area (A1) Cortical evolution in mammals: The bane and
2 beauty of phenotypic variability
[ primary somatosensory area (S1) PNAS 2012 109 (Supplement 1) 10647-10654



The universal approximation theorem

Aneural network with just one hidden layer can, given enough neurons and
the right set of weights, approximate any continuous function.

BACK-PROPAGATION CAN DO THAT




| binari dell'informazione

We move pieces of
information across a
multitude of latent spaces to
concentrate them in
segments that are useful for
decision-making.

Training aims to discover
these routes by exploring as
many possibilities as
possible through trial and
error.




High and low dimensional spaces

We observe
reality in large

sparse spaces

We destroy the structure of
information in even larger
and sparser spaces

We discover the
smaller non-linear
denser generating
space

TWO MAIN CONSEQUENCES:
1.  We need a lot of data and energy
2. Neural networks acts as (latent)
memories



The manifold hypothesis

The manifold hypothesis suggests that high-dimensional data, often encountered in real-world
applications, lies on or near a lower-dimensional manifold within the high-dimensional space,
making it possible to effectively represent and analyze complex data with fewer dimensions.

Representation Learning:

A Review and New
Perspectives




Quindi,

che impatto
avra?




Leading countries by gross R&D expenditure in Al worldwide (2021, billion US$)
LAl nel mondo
non e tutta uguale

182

127
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China u.S.

Japan Germany India

South France Russia

UK Brazil Canada Taiwan
Korea

Expert estimation in the field of most impactful countries in Al innovation
between 2022-2025'

53%

29%

29%

18%
16%
5
12% 10% 10%
7%
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& w = < ¥ ; » 04
China Singapore Russia us India United

Middle East ~ European

Union
1: Survey conducted by Atlantic Council's GeoTech Center including more than 100 technology experts to record their
expectations about the impact of COVID-19 on innovation in five key fields: the future of work, data and Al, trust and
supply chains, space commercialization, and health and medicine

Latin America Africa
Kingdom

Sources: atlanticcouncil.org



Un esempio

Verizon global revenue(" in billion US$

1%~ —3%—— [ T 3[ 2% —

130.9 131.9 128.3 1336 136.8

2018 2019 2020 2021 2022

Verizon number of employees(?

M 7% 73— 2% —3— 10% 3y 1%

144,500 135,000 132,200

118,400 117,100

2018 2019 2020 2021 2022



Su cosa impattera I'Al?

Percent share of time spent on Microsoft 365("
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Il Teams Meeting Hl Email

Il Teams Chat I Excel PowerPoint

Key productivity disruptors

Do 0@ Fe

o

Inefficient meetings

Lack of clear goals

Too many meetings
3x time spent on online
meetings since Feb 2020

Feeling uninspired

Information search
struggle

OneNote

Opinions of business leaders on adoption of Al in workplaces ?

20%

18%

16%

N

| g f

Business leaders are twice more likely to choose
|

{increasing employee productivity than ‘reducing

|

|

|

| |
headcount’ when asked what they would most value :
|

-

x I Increasing employee productivity
I Increasing employee wellbeing

Il Augmenting human capabalities

-1 M Enabling employees to access and

recall institutional knowledge
Optimizing employees’ work
to the company goal

Removing coordination challenges
on hybrid work

Increasing inclusivity

Reducing headcount




Su cosa impattera I'Al?

Cost decrease and revenue increase from Al adoption by function in 2021 Al-Human productivity gains in selected professions
Time to complete coding tasks in Time and cost to complete design
Service Operations  45% ¢m 6| 37 57% minutes 2022 (™M tasks
Manufacturing 43% ¢ﬂ 4 33 61%
25 31 Human
Human Resources 29% 31 58% Cost: $150
Marketing & Sales 28% 2143 41 70% 550 Time: 5 hours

160
Risk management 42% ¢@ 4 27 48% \
Supply Chain 550 R 28 59%

Management
Product & service Dev.  30% 33 70%

Strategy & Finance 43% #@ 4 41 65%

Avg. Across All Industries 36 63%
2
Generative
Bl Decrease by <10% B Increase by >10% Al
Il Decrease by 10-19% Increase by 6-10% CO,St: 2008
Time: <1

Bl Decrease by >=20% Increase by =<5% Human Human + Al minute



Daniel Newman identifies five perspectives on Al's societal impact:

Utopian Thought: Al leads to unparalleled wealth and frees humans for meaningful work.
Dystopian Thought: Al causes unemployment and economic issues, prompting suggestions like
Universal Basic Income.

® Tech-Optimistic Thought: Al advancements will eventually result in significant productivity increases
and economic benefits.

® Realist Thought: Al will be productive but may increase job polarization; informed decisions and
research are necessary.

® Lack of Productivity Thought: Al won't significantly boost productivity due to various socio-economic
challenges.
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