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? The platform evolution
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? Towards Industry 4.0 ( and beyond ... )

INDUSTRY 1.0

Mechanization, steam Mass production, Automation, computers Cyber Physical Systems,
power, weaving loom assembly line, and electronics internet of things, networks
electrical energy

O ©




? The nine pillars of Industry 4.0

THE NINE PILLARS OF INDUSTRY 4.0

i)
Big data and
Analytics

INDUSTRY

Augmented 4.0 Hortzontal and Verticat
reality

The Cloud Cybersecurity




Estimated potential economic impact of
technologies in 2025
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7 Strategic Technologies

Blockchain, quantum computing, augmented analytics and
artificial intelligence will drive disruption and new business
models.

Intelligent Digital Mesh
i @
innn

Digital Twins
Blockchain

Autonomous Things

Augmented Analytics Empowered Edge

Smart Spaces
Immersive Experience

Digital Ethics and Privacy

Al-Driven Development

e

Gartner

Quantum Computing
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Source: Future of
Jobs Survey 2020,
World Economic

O Technologies likely to be adopted by 2025

(by share of companies surveyed)

Cloud computing (17%)

W R L D Big data analytics (2%)

E C ) N O M | C Internet of things and connected devices (9%)
FORUM Encryption and cybersecurity (29%)

Artificial intelligence (inc. ML and NLP) (8%)

Text, image and voice processing (-)

E-commerce and digital trade (2%)

Robots, non-humanoid {e.g industrial automation, drones) (10%)
Augmented and virtual reality (1%)

Distributed ledger technology (e.g. blockchain) (11%)
3D and 4D printing and modelling (10%)

Power storage and generation (-)

New materials (e.g. nanotubes, graphene) (-12%)
Biotechnology (8%)

Robots, humanoid (119%)

Quantum computing (-5%)
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7 Merge of real and virtual world
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7 Pillars of 21° century scientific method

n) *

ory (since antiquity)

O

combined with experiment (since Galilel|& M '

and simulation il
(since Metropolis, Teller,
von Neuman, Fermi, ... 1940s) —

.

Excellence in Science requires leadership in all

three areas: theory, experiment, and simulations
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7 Modelling across the length scales
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7 Life Cycle Assessment (LCA)

* Integration of process and product design into LCA
 Allow personalized data for process and product
 Improve the LCA in the production step

I
I Process Goals definition |
I design H-1 & scope |
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| Material and 6@1_ |
energy |
I balances 1
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L ————————————————————— Inventory : Results ' I
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? Molecular Simulation vs Theory

« Advances in computational hardware and algorithms

* Moore’s law
« Gordon Bell Prize: 1Gflop/s in 1988 vs. 27 Tflop/s in 2002
* More than four order of magnitude increase in 14 years
« Add 2-3 orders of magnitude from parallelization (cheap today)
« Costs driven by consumer market




? Moore’s law
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? Molecular Simulation vs Theory

« Advances in computational hardware and algorithms

* Moore’s law
« Gordon Bell Prize: 1Gflop/s in 1988 vs. 27 Tflop/s in 2002
« More than four order of magnitude increase in 14 years
» Add 2-3 orders of magnitude from parallelization (cheap today)
» Costs driven by consumer market

 Costs for experiment?

« Labor-intensive, high capital costs

 Costs for theory?

e Labor-intensive 2

Do graduate students and/or lab personnel/equipment improve

§ by an order of magnitude every five years?




? GPU performances (GFLOPS)
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7 Top 500 HPC evolution In time
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O The exaScale Power Enigma: why we

have to turn to Brain-inspired computers

« Straight forward extrapolation results in a Real time Human
brain scale simulation at 1-10 exaFLOPS with 4 PB memory

A digital computer with this performances might be available in
2022-24 with a power consumption
of > 20-30 MW

* The human brain runs on 20 W

 Our brain is a Million times more
power efficient

GET NN O \




? Accessible MD time and length scales

18 _ Cannot reach boundaries of length-time
space with MD alone.
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? Accessible MD time and length scales
A
18 _ Cannot reach boundaries of length-time
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7 Quantum computing may be the solution?

International pourna

I

NEWS FEATURE - 02 OCTOBER 2019

Beyond quantum supremacy: the hunt for useful
quantum computers

Researchers search for ways to put today’s small noisy quantum systems to work.

Science News from research organizations

Quantum internet closer to reality

Date: September 26, 2019

Source: U.S. Army Research Laboratory

Summary: New research result brings the quantum internet a step closer. Such an internet could
offer the military security, sensing and timekeeping capabillities not possible with tradi-
tional networking approaches.




? Invest in algorithms ... or computer HW?
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? Data explosion
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Every 60 seconds

%) 98,000+ tweets
e n 695,000 status updates

@ 11million instant messages

a8 Th p 698,445 Google searches

Big Data & The Cloud

Q 168 million+ emails sent

i 1,8207B of data created

a 217 new mobile web users
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DATA
VOLUME

Zettabyte

Exabyte

Petabyte

Terabyte
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Mainframe/Mini

? Data explosion

Machine
Generated Data
(loT - Internet of

Things)

Social “
Interactions 4

Human Files
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PC/Client
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Internet & Virtual v
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? Data explosion

Available Data

Big Data

Data Volume

Your ability to do
Gap / something with data

—

Small Data

v

E —_— Time
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7 Converging foundational technologies - NBIC

Information Technology Spin-offs : Large-data bases, Roco and Bainbridge,
topical computer-aided —design, cyber networks, .. . 2013, Fig 2 [Ref 1]

‘\
Information Technology

Brain simulation \ Nanobioinformatics
Cyber networking ? DNA computing
Personalized education.. N B IC Sv stem Proteomics, ...

Bits Svna
Cogmtlve / Nl ”“"”“"\

unain i ->
“ Sciences . Blocks! Biotechnology

Atoms! Genes
Neuromorphic engnag. y— = Nanobiomedicine
Synapses to mind ‘ / Nanobiotechnology
Smart environments, Synthetic biology
Cogno aid devices .. Bio-photonics, ....

Nanotechnology

Nanotechnology Spin-offs : Nanophotonics, plasmonics, materials genome, mesoscale S&E,

@ metamaterials, nanofluidics, carbon electronics, nanosustainability, wood fibers, DNA NT, ..




O Internet of Nano Things (IoNT) for
healthcare applications

 Molecular communication networks
« Short range (Calcium signalling)

Services Layer

- Medium range (Bacteria) Context wicro-gatenay
Management
* Long range (Hormones) - layer

nano-sensors /

on clothings

Dt /Ighone
e 1) surface
it ! nsors —
f ¥ » sensors
10 —’/\ B
W
-0 h AN Micro-
Sweat gateway
Blood
" Molecul
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Wearable technology
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7 Digital twins

Digital Twin - Bridging the Spheres

Digital
Softwwe Programs/BOTs

Physical

Home | Public Space | IndustnalBusiness Space

& Physical Objects

s Controlied Machines

Y Intelligent Autonomous Machines

Physical Asset

Biological
Implantable Tech
-— M on
RFID tags
n 200
>100 bédon 1 bion —  Qrganisms/Living Specles
R Codes calle
A babon
humans
Fleet Aggregate
Operational s
History
Maintenance \
History Digital Twin
Real Time

Operational Data

FMEA
CAD Model Physics Based Models
+ Statistical Models
FEA Model + Machine Leamning

10

Figure 1. Manufacturing process digital twin model

PHYSICAL

DIGITAL

GET NNOVAT ON

Source: Deloitte University Press.

Deloitte University Press | dupress.deloitte.com
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7 Digital Twins: market Size

&

Market Size (USD Billon)
8
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Source: Investor Presentation, Expert Interview, Industry Journal, Magazine, and MarketsandMarkets Analysis
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7 Computer intelligence vs. human intelligence

* No generalized intelligence
* |s intelligent but remains an object ARTIFICIAL INTELLIGENCE
° UserI for repetltlve taSkS A program that can sense, reason,

act, and adapt

* How about 5 senses? And sixth sense?

MACHINE LEARNING
Algorithms whose performance improve
as they are exposed to more data over time
TASTE
FIVE DEEP
LEARNING

hear  OENSES TOUCH

=5 Subset of machine learning in
which multilayered neural
networks learn from
’°> vast amounts of data

§ - SMELL SIGHT




Q

... but what is intelligence?

* Meaning of word intelligence has changed in the years

« Oxford: the ability to learn, understand and think in a logical way about
things; the ability to do this well

* What was intelligence years ago is not anymore today
* In the past a chess champion was considered intelligent ... today?

» Is moving toward creativity 4

e ... and therefore is moving
away from Al

 And In the future???

8
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O A study finds nearly half of jobs are
vulnerable to automation

Automation risk* and GDP per person, selected countries Region
he ' Asia @ Middle East @ Oceania
s 65 @ Slovakia o @® Europe @ North America @ South America
Economist $iie
60 o
b= Turkey.. o |
= Greece o |
i ;
R . Slovenia @ Japan German
o g Chile & .Spain ; P @ y
< |
2 50 Poland @ Cyprus ol |
= ‘
§ Russia @ Czech Rep. France |
3 @ 1 @ Austria OECD average
) 45 @srael |
2 Estonia @ South @ ®Belgium Iretnd
-+~
S 40 Korea ; Canada @ Netherlands
‘Q {
S o s @ Denmark
™ ’ Britain @ United States
35 f @ Sweden
. @ Finland
New Zealand @ | ®
| @ Norway
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Source: OECD GDP per person, 7000 *50% risk or higher




? The future of employment

Probability of massive reduction of occupation by 2030

Telemarketers 0.990
Accountants and auditors 0.940
Retail salespeople 0.920

Technical writers 0.890
Real-estate sales agent 0.860
Word processors and typists 0.810

Machinist G 0650
Commercial pilots I 0.550
Economist NG 0.430
Health technologist IINEGTNGEGEGEGEGEGEGEEE 0.400
Actors NG 0.570
Firefighters I 0.170
Editors |l 0.060

Source: Bureau of labor Chemical engineers [§0.020
statistics, the Future of Clergy 10.008
Employment (Frey & Athletic trainers ]0.007
Osborne, 2013) Dentist | 0.004

Recreational therapist |0.003

@ @@l@ s Srces Beoncmilst rHE HurrInGgTON posT  Statista ¥a

U




Percent
60
 Employment share
Routing occ ;;‘s,lli(,':.
55 - —
50 |
Nonrouline
occupatons
45 | |
Source: US census Bureau. .
Current population survey R -~ - S . il
1975 1980 1985 1990 1995 2000 2005 2010 2015
Source: U.S. Census Bureau, Current Population Survey.

@ Note: The bands indicale recessions as defined by the National Bureau of Economic Research. O




? Jobs of the future

50 YEARS BUSINESS

ENTERTAINMENT TEACHING

ROBOTICS SPACE  SCIENCE ENERGY & THE ENVIRONMENT
COMPUTING A's':'er:::d exobiologists
e g 50 YEARS
Ubiquitous com- clinicians developer
puting developer
Data centre Space tourist Civilian Sustainability
INTERNET IcHRICio Pllot  drone controller "™ S vEARS
Shale gas
Personal brand IT security engineers Image
SOCIAL MEDIA  manager consultant Paraoet] ConGIaR
Digi'::lu:?;:gt;e MAP OF NOW fitness trainer HEALTH
FUTU RE JOBS Dietician/ Uit omts
nutritionist Clinical
Cytogeneticists
P Professional NOW Biomedical
developer 3
gamer Digital Compliance Engineer ;
(https://www.kent.ac.uk/c marketeers professional Genetic
. ADVERTISING counsellors
areers/Choosing/future- 25 YEARS
. Virtual Myotherapists
jobs.htm) Architectural teacher MEDICINE
visualiser

THE ELDERLY
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WORLD
ECONOMIC
FORUM

Growing job demand:

. Data Analysts and Scientists

. Al and Machine Learning Specialists

Big Data Specialists

Digital Marketing and Strategy Specialists
. Process Automation Specialists

Business Development Professionals
Digital Transformation Specialists

Information Security Analysts

© P N OO A W N

Software and Applications Developers

10. Internet of Things Specialists

7 Growing and Decreasing job demand

Decreasing job demand:

1

W

9.

. Data Entry Clerks

Administrative and Executive Secretaries

. Accounting, Bookkeeping and Payroll Clerks

. Accountants and Auditors

. Assembly and Factory Workers

. Business Services and Administration Managers

. Client Information and Customer Service Workers

8. General and Operations Managers

.

Mechanics and Machinery Repairers

10. Material-Recording and Stock-Keeping Clerks

O



? The Job landscape In 2025

Rate of Automation
Division of labor as share of hours spent (%)

\ 97 million

Human ' j Machine
(2]

WORLD
ECONOMIC - 47,
FORUM

67

35’ 85 million

E 2020
GET NNDOVA I N
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? The Job landscape In 2025

Automation and Al will accelerate the shift in skills that the
workforce needs Based on McKinsey Global Institute workforce skills model 0 100

United States, all sectors Western Europe, all sectors
Hours Hours
worked Change in hours worked worked Change in hours worked
in2016 by 2030 in 2016 by 2030
Skills Billic Bi
Physical and o a :
& manual skills ' L ~19] ‘
Basic 53 14 62 A7 ‘ ‘

cognitive skills

78

Higher 7
cognitive skills pe I

Social and

Source: McKinley Global

. i

. . . 52
Institute workforce skill emotional skills
model |

@) Total 287 363




Top 20 emerging

jobs:
rate of growth from 2012
to 2017

In evidence jobs related to Al

Source: Linkedin. 2019

NNOVAT ON

Machine Learning Engineer
Data Scientist

Sales Development Representative
Customer Success Manager
Big Data Developer

Full Stack Engineer

Unity Developer

Director of Data Science
Brand Partner

Full Stack Developer
Personal Loan Consultant
Brand Activation Manager
Head of Partnerships

Barre Instructor

Licensed Realtor

Guest Experience Associate
Assurance Staff

Marketing Content Manager
Site Reliability Engineer

Head of Customer Experience

5.7x

e s.6x

5.5x

A" 5.5

A 40

5.1x

4.5x

I a5

. asx

3.6x

3.6x

3.4x

I 3-1x

A ax

2.9x

I 28

4.4x

10

9.8x




Italy: emerging and redundant job roles

A

Al and Machine Leaming Specialists

2. Intermet of Things Specialists
3. Data Analysts and Scientists

Digital Transformation Specialists

S ource: FU t ure o f 5 Assembly and Factory Workers

O. Project Managers

'IObS Survey 2 02 01 7 Process Automation Specialists
Wor / d Econom f C 8. General and Operations Managers
9 Big Data Specialists

Forum. =

0. Application engineers

Data Entry Clerks

WORLD | e s e
2 Administrative and Executive Secretanes
E CF ?)r\é% /,\\A,\ I C 3 _ Accounting, Bookkeeping and Payroll Clerks

4 Business Services and Administration Managers

5 Assembly and Factory Workers
6 Accountants and Auditors

/ Human Resources Specidlists

Financial and Investment Advisers

2 Electronics and Telecommunications Installers and Repairers

0, Credit and Loans Officers




7 Top 15 emerging |

1 Analytical thinking and innovation
" 2 Active learning and learning strategies
Com petences In 2025 3 Complex problem-solving
4 Critical thinking and analysis
[ NeW Categones Of JObS W|” 5 Creativity, originality and initiative
emerge partly or WhO”y 6 Leadership and social influence
d |Sp|aC| ng OtherS 7 Technology use, monitoring and control
. . 8 Technology design and programming
° 65% Of Chlld ren ente rlng 9 Resilience, stress tolerance and flexibility
pl’lmal'y SChOOI tOday W|” 10 Reasoning, problem-solving and ideation
UItlmater end Up WOrkIng |n 11 Emotional intelligence
completely new job types that 12 Troubleshooting and user experience
don,t yet eX|St 13 Service orientation
14 Systems analysis and evaluation
WRORLD . .
ECONOMIC 15 Persuasion and negotiation

F Qw Source: Future of Jobs Survey 2020, World Economic Forum.
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* there’s a “growing skills
instability”
« where technology changes the
profiles of many current jobs

« different competencies are
required.

* It estimates that more than half
of all employees will require
significant re- and upskilling in
the coming years.

needed, 46%

? Robots are coming !l Reskilling needs

Figure 7: Expected average reskilling needs across
companies, by share of employees, 2018-2022

Reskilling needs

of less than 1 month, 13%

Reskilling needs

of 1-3 months, 12%

Reskilling
needs

No reskilling

Source: Future of Jobs Survey 2018, World Economic Forum.



7 Reskilling needs by 2025

'v

S of all employees will need
@) reskilling by 2025.




7 Optimization vs. creativity and Compassion

Kai-Fu Lee | TED2018
How Al can save our humanity

Crisis Hotline
Volunteer M&A Expert

CEO Sh

PR/Marketing Director

Home-school teacher

Columnist

Customer Support Radiologist

Economist

Security Guards Research Analyst
Tele-sales

Hematologist

Dishwasher Truck drive:




7 Artificial Intelligence and future of jobs

 Kail-Fu Lee: TED 2018 - Vancouver




O 5 new jobs for humans (...when robots will
conquer the world)

g =
m' °
. /
Singing teacher for robots © )

Plastic surgeon for robots.

Nurse for robots.

. Travel agent for robots.

Organizers and referees of contests for robots.

e

g

[ 4
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* The effect of artificial intelligence

Ej> * The role of higher education

« Science, technology and society
* Indicators pushing economy

8




7 Disciplines ....& challenges for 2020
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7 Science, technology & soclety
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* An investment for the future
should stress:

 Blue sky research
« A multidisciplinary advantage

* Creation of critical mass on
global
challenges — group work

» Research and education and
culture

« Knowledge transfer for a
competitive economy
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? Innovation in Science: role of SSH
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? The ‘digital humanism’ of Julian Nida-Rumelin

« XXI century challenge is not
technology, but ethics

« Hal in 2001: Space Odissey

* Intelligence hovering between delirious
of omnipotence and childish stupidity
.. hightmare of submission to machines

« Computer is NOT a semantic
machine:
» Follows algorithms ...

.. does not understand
the meaning of a
language

e ... NOr intentions of a
human being.

Julian Nida-Rumelin,
Nathalie Weidenfeld

UN’ETICA PER L'EPOCA
DELL INTELLIGENZA ARTIFICIALL

GRADU ATION DAY




@ E Michelangelo, Sistine Chapel: “The Creation of Adam ”, 1510




C@) Michelangelo, Sistine Chapel: “The Creation of Adam ”, 1510




? ... anyway!!

“If you think education is expensive,
try ignorance”

Derek Bok - Presidente of Harvard
University 1971-1990




