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1.  Weather Forecast [(1859)
2.  Simulation [(M9S0g)

e Virtual (Bell Labs) [19S0s)

o Virtual/Physical (NASA) [19c0s-F05)
Prodwct Lifecycle Management (PLM) [2002)
Mivyor Space model (MSM) [2003-05)
Information miyyor mode! (IMm) [2006-10)
Digita! Twin (OT) (201])

® Augmented Digital Twin (ADT)

o Intelligent Digital Twin (IOT)

e tHuman Digital Twin (HDT)

Virtual fuman Simulator (VAS)

e Augmented Virtual ftuman Simulator (AVHS)
(Human) Digi-Real Duality ((HDRD) [2023)

e Ceilings

® Yey ana\o\ing Techno\ogies




Science answers questions and discovers information

Engineering creates products/processes to solve problems

foreseeing




@ o  \Weather Forecast (1859) o X

forecast

R¥ developed
weather chavts,
he described ag
“forecasts”

Hhe fivst known
usage of the term)

The smlu ng of -\-he Royal Chavrer s\mp Robert FitzRoy




« (Virbual) Simulation (Bell Labs, 1950s)*

forecast
simulate

Simulation:
imitation of the operation of a real-wovld process or system

(overtime)

VIUCAMPRI2
Jaytveom

An electyomechanical-relays based computer was successfully adopted for

simulating the sinusoidal s\—ead.\., state
of a linear netrwork

optimizing designs of electvic fitters

y Y=/ Graham (1953). Relay computer for network analysis. Aaron (1956). The use of least squares in system design. Banks (2001). Discrete-Event System Simulation.
<>/ Bell Labs. Rec. vol. 31. pp. 152-157. IRE Transactions on Circuit Theory, 3(4), 224-231. Prentice Hall



(Physical/virtual) Simulatien (NASA,

1960-70s)

simulate

NASA uses
miYYoyin
pom—
veplicate space
conditions

+wo identical

space vehiclesg

weyve buik-+to
a\llow mivyoying

- - -
+he conditions of

the space vehicle
duying the
migsion
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. (Physical) Simulation (NASA, Apelle 13)-

simulate

20vdg
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Crew: Jim Lovell, Jack Swigert, Fred Haise
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Preduct Lifecycle Management (PLM) (2002)
P R

@
-
L
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®

PLM is an integrated, information-driven approach @

o
compyised of people, processes/practices, fechnology,
Yo all aspects of a product's lite

Manufacturing &

Production W
. Sales &

Manufacturing
Engineering
Product

En%ineering

V/'\ \\Dlsmbutkon
oncept Eng & 4

Info é _::k
‘ototyping o= Core
Requirements / Disposal & a

Analysis & Plannma Recycling

Michael erieves

, Grieves, M. W. (2005). Product lifecycle management: the new paradigm for enterprises. Int. J. of Product Development, 2(1-2), 71-84. 9
Grieves, M. W. (2006). PLM: Driving the Next Generation of Lean Thinking. McGraw-Hill ’ii}?é’é’h#?féfé;'”
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Mirror Space Medel (MSM) (2003-5)

MSM

The informational core enables PLM.
The informational core is based on the msm.

real space virtual space

Data flow

Infoymation flow
E B EEEER
process

data are not organized by their function,
but by Hhe physical object [ Sub1 ] [ Sub2 ] ceess
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Infermation Mirrer Model (2006-10) «

veal €= vivtval system connections
during the 4 phases of production:
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Digital Twin (2011)

weather
€lectyonics
m_u&xw

Economics
manufacturing

|




« Digital Twin (2011) o

forecast
simulate | NASA (Technology Area 1):

P | “ADTis an integrated muthphysics, mutiscale,
msmE|  probabilistic simulation of an as-buil-vehicle or
IMME - system that uses the best available physical

BT models, sensor updates, fleet histony, etc., to
mivyor the life of its corvesponding flying Hwin”*

Phy5ica| Connection Digital

Connection

eYieves:

“A DT ig a set of virtua! information
conshruets thatfully desciibes « potential
or actual physical manufactured product
from the micro atomic level 4o the macro
geometyical level”

o
7 \Ss * Shafto et al. (2010). Draft modeling, simulation, information technology & processing roadmap. Technology Area 11, 2010
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¢ Digital Twin

(2020) °

4
forecast
simulate

PLM

MSM
IMM

DT

AIAA Institute position paper:
“A DT is a set of virtual information constyuct
Hhat mimics the structure, context and
\oehm an individual unigue asset, is
dynamically vpdated with data from its
physical Hwin Hhroughout its lifecycle, and
informs decisions that realize valve”

Detailg?
Down Yo atomic/molecvlar level?

S I I

Phy5ica| Connection Digital

Connection
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@ Digi"‘dl Twin ° “

Digital Twin

—> Digital Twin Prototype (DTP)

Digital Avatar DTP cortzing Hhe informational sets necessany
Yo describe and produce a physical version
DigH'a\ Shadow that duplicates or Hwins Hhe virtual version

—> Digital Twin Instance (DTI)
Digital Angel DTI describes a specific corvesponding physical
product that an individval Digital Twin

vemains linked +o throughout the life of that

physical product

Virtual entity

Cyyber-object

=» Digital Twin environment (DTE)
DTE i§ an integyated, muti-domain physics
application space for opevating on DTs

- https://medium.com/ @ Grieves & Vickers (2017). DT: Mitigating unpredictable, undesirable emergent behavior in complex systems.
@octaviopadilla/digital-twins-a59b84c7fad5 Transdisciplinary perspectives on complex systems: New findings and approaches, 85-113.
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10000

5000

0

Digital

2016 2017 2018 2019 2020 2021 2022

&) google search of “Digital Twin” since 2016
b) # papers including “DT”, s 2016-2022

c) google search differenced in Countvies
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Digital Twin

forecasy advantages:

simulatel
PLM

20vdg

oIMOMR R
Jautvem

veduction of Yests and checks @ " simulate events,
HHime and cost savings) no causing them in veality

reduction fime-fo-market
evaluate aging effects

" L‘“ 4 lower any product defect

evalvate all parame\-ews at once
(hot one-by-one)

m iW\-ercep—\- po+en—\-ia\ pro\o\ems

before happen limirthe production as a

fina! step only
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Digital Twin

System behavior

Predicted
behavior

Predicted Predicted
desiderable undesiderable
(PD) (PU)
Unsolved
problems
class -lawsvits-

besig ned

Unpredicted
behavior

Unpredicted Unpredicted
desiderable undesiderable

(UD) (C13))

Dangeyous
pro\o\ems

mcomp\e—\-eness
index
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PLM
MSM
IMM

DT

c)Mc:n‘rix of DT characteristics

®

'Ph\isica\
Asset

modelg

communi-
cationsg

Seyvices

Data

Product

Autonomy

Envivonnement

usey

van dey Valk (2021)

Jazdi (2021)

Zhang (2021)

Sturm (2021)

Semevayo (2021)

Mineyua (2020)

Sharma (2020)

Liv (2020)

Strark (2019)

Seal (2018)

Tao (2018)

Payvot (201%)

Rogen (2018)

Rios (2018)

©evieves (2018)

(-
/ Ascone & Vanderhaegen (2022). Towards a Holistic Framework for Digital Twins of Human-Machine Systems. IFAC-PapersOnLine, 55(29), 67-72.
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< ° Digital Twin (2011) ) <

forecast
simulatel
PLM

20vdg
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MS
IM >
D / Achive (real-digital in sync, seamlessly, continvously vpdated, (;‘ g g
virtual and real exist simuHaneously) g i =
=52
® S 2
Semi-Achive (post anal\sis after pre data collection) * 5

PassiVe (some data are collected, other assumed)

@ Chakshu et al. (2019). A semi-active human digital twin model for detecting severity of carotid stenoses from head vibration.
International journal for numerical methods in biomedical engineering, 35(5), €3180.



.0s o matter of principle.
B

by, (AN Object, @ component, a mechanism, a network, an implant, a

any phqsica\ s\.ls-\-em "'
machineny, & shructure, an asset, ...

potentially of any level of complexity 2 (whe+he\r inanimate, vegetative, and animate)

can be fully described by its features (data)  ZZzmasmiiss
7071001 00100000N
IO01I01010000 0O,

010001010100\

\

glectvonics allow gathering (sensovs, Hransducers, -..)

whatever amounts of whatever data Lo (ful information)

from any system
duying any time periods
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SOIUOM2|1D
royyem

fusWwuornu=
Buuntoviouvw
IWOoUcI

Jenajruym



. o Augmented Digital Twin «

o

forecast .
smoerll ™ concept of ADT moves manufacturers and operators closerto Hhe goal of selling

P | ovtcomes (resuMs) instead. of prodwcts (machines)

MM

Lo 8’9 ADT: virtual muHiple-interacts with its

veal entity, with s surroundings and %[lg

other DTs too ADT concevns visualizing the ©T
3 data by using AR**

ADT enhances the data from Hhe connected

asset with devivative data, corvelated data

from federated sources, and/or intelligence
2 data from anal\ytics and algorithms*

1, ADT is also fed with data of other
w objects and resources and are shaped

L| using Al fechnigques***

& *Kucera et a. (2017). The augmented digital twin.
/ **Zhu et al. (2019). Visualisation of the digital twin data in manufacturing by using AR. Procedia Cirp, 81, 898-903.
***Pool (2021). Digital Twins in Rail Freight-The foundations of a future innovation. Master's thesis, University of Twente.

Jenajruym



Intelligent Digital Twin

forecast
simulate e o 'DT: when DT meets artificial intelligence, machine o @
PLM leaming, deep learming algovithms
MSME
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° < Wuhan Raytheen hospital (14 days) -
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° < Stadium in Barcelona @

ADT
oT

@ . .
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. BIG DATA OPTIMIZE INDUSTRY AND SERVICES
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RS Woater sites “

ADT
T

https://www.51aes.com/



. Interest .
forecast
simulatel| © @

PLM
MSM
MM

Taylor & Francis
Taylor &Francis Group lo)
AD
D

Digi-\-a\ Twin

D https://digitaltwin1.org/
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ADT
T

Y T=ESLA )

A cay’ DT
can give
Jyou a
peviodic
vepovt

/T aih

They are using data from
all sensors placed in the car

Car testing
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Formula 1l

onh +yack

elsewhere in
Hhe wovld
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. BOEING

- | i
forecast
simulate
PLM
MSM
IMM
DI >
ADT
DT

Boeing achieved a 40% impyovement yate
in the firstHme q.uajﬁ o% pavts oy DTSs.

The company plans Yo digitize ﬂ%ki s
engineeying and development systems

Aircraft design
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simulated]  pyman digital +win (HDT)

PLW
msll tteaht digital Ywin (HDT)

virtual representations of patients

from patient (& envivon.) data,
population data,
veal-time vpdates
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Vivtval
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INDUSTRY 1.0

Mechanization, steam Mass production, Automation, computers Cyber Physical Systems,
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PLM Virtual fuman Simulatory
MSM

MM
DT
ADT
DT
VH3

INDUSTRY 4.0

INDUSTRY 3.0
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

OnCnuOnC

Tor Vergata

SECITI

elechronic Seyvices
and Innovative Technology




Ui Virtual fuman Simulator SR, ' R
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power, weaving loom
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Automation, computers
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electrical energy
f pFiO 5 .
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INDUSTRY 1.0

| ‘ Mechanization, steam Mass production, Automation, computers
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Cyber Physical Systems,
internet of things, networks
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Virtual Human Simulater f

forecast . *
o] Ineffectiveness of drug
PHO 808 38-35% of common diseases’ patients do ot respond fo diug treatment*
MSM
MM .
o oo Same-diagnosed patients will respond differenty to the same treatment
AD
- @ eas o «aveyage pa—\-iew\v
VH * a ?—ﬂ\ Hreatments cannot
be suited 1o the
707, 507 40, «actual patient»
Alzheimer’s Arthitis treart
patients patients anyhythmia

*US Food and Dyug Administration
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Virtual Human Simulater f

Medium

VS allows 11ying out alrerations too risk to 1y on the vreal
mmﬁ Low IA) High

RISK

VS allows tnying out adjustments too expensive to tny on
the real counterpart

**LinkSping Lniversity Studies



Virtual Human Simulater f

Medium

VHS allows +1ying out akreyations too visk to 1y on the real
ngm@ﬁ Low I‘) High

Vs allows +n\ying out adjustments too expensive +o iny on
the vreal counterpart

VHS allowstailored medical Avreatments
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Virtual Human Simulater f

Medium

VS allows tying out akrerations too visk +o 41y on the real
ngm@ﬁ Low I‘> High

RISK

Vs allows +n\ying out adjustments too expensive +o iny on
the real counterpart

vHS allows failored medical freatments

VHS allows enhancement in effectiveness of dyugs ** [

**LinkSping Lniversity Studies
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Medium

VS allows tying out akrerations too visk +o 41y on the real
ngm@ﬁ Low I‘> High

RISK

Vs allows +n\ying out adjustments too expensive +o iny on
the real counterpart

vHS allows failored medical freatments

VHS allows enhancement in effectiveness of dyugs ** [

**LinkSping Lniversity Studies
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. o Virtual Human Simulater <

' INTERNATIONAL COLLABORATION
DIGITAL TRANSFORMATION
HEALTHY AGEING |

Yues Joanette

Ranked pﬁori-\-ies:

-
-
.

@,
Longitudinal study i

e-Jin ¥y
Steven S. ohaﬂap ™y m

Yigiang Unen

Itremational strandards
modelling (Digital Twin, . .)

Information sources

€co-s\ystem for weavables .

Data access Takao Tashivo

@ https://idih-global.eu/expert-groups/expert-group-preventive-care/
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0 Longitudinal study A |D|H
v

gt e €co-system for wearables

BEALTHY AGEING
3.449

co-creation and co-design

2.624 . g Smart Glasses
‘ o Information sources e e
| Industry / ,

s g B

consumeys / sronn €
Insttutions s p

K !
\
Blustoot
Smartpants I o ok
h
\
)
Smart Socks Smart Shoss
S—

=
@ Smart Watch

\
.‘ Smart Shirt
v

1

1.799

Response

0.974 B >0, slope >0

==d---a

K R R
Dose

e Itremational standards

Data access

Supportleaming heatth and. &3
wellness and social systems
Hhrough the access 4o data,
procurements, etc.

* X *

*: EU :* https://idih-global.eu/expert-groups/expert-group-preventive-care/

Bk



Virtual Human Simulater ;

PLM
MSM o
MM
T
ADT
T
VHS

L) https://iventurebeat.com/business/21-ways-medical-digital-twins-will-transform-healthcare/
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Virtual Human Simulater

A. Pevsonaliged medicine

Virtual organs

6enomic medicine

Pevrsonalized heahh information
Customize dyug treatment
Scanning +he whole body
Planning surgevy

U S e

B. Impyoving heahhcare organizations

F.  Improving caregiver expeyience
8. Dyiving efficiency

9. Shyinking critical treatment window
10. Valve-based heaHihcare

1. Supply chain vesilience

Faster hospital constyuction
Streamlining call center interactions

C. DYug and medical device deue\opmen—\-

14.
1S.
16.
1.
18.
9.
20.
21.

Software-as-a-medical device
dassifying dvug risks
Simulating new production lines
Improve device uptime
Post-market surveillance
Simulating human variability
Digita! twin of a \ab
Impyroving dyug delivery

)  nhttps://venturebeat.com/business/21-ways-medical-digital-twins-will-transform-healthcare/
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PLM
MSM
IMM
DT 5 ¢ A @ hup/myhealthavatar.org/mha/
ADT d - | 3D Avatar
T :
VHS
An interactive 3D avatar
3D human anatomy from |__
skeleton to organs
genome
syndyome
/@ Martinez-Velazquez et al. (2019). Cardio Twin: A Digital Twin of the human heart .... /@ Spanakis et al. (2014, November). MyHealthAvatar ........
=3/ IEEE International Symposium on Medical Measurements and Applications (MeMeA) =3/  4th IEEE International Conference MOBIHEALTH, pp. 331-334



Cardie Twin <

< o o

Cavdio Twin: an archirecture of a DT for healthcare and
MSM EXAMPEES well-being yunning on the edge to help in the event of an
MM | Ischemic treart Diseases (1#D) situation
T
ADT
T
VHS

oy “OolaTE U

Real Twia

Wili, Blestoody, SMS
Calls, 3G, Interset

:

Saan Servicei

hel3 &

i

, Martinez-Velazquez et al. (2019). Cardio Twin: A Digital Twin of the human heart running on the edge.
IEEE International Symposium on Medical Measurements and Applications (MeMeA)



. Cardie Twin .

Patient A Patient B Patient C Patient D
UHS Patient E Patient F Patient G Patient H < ' ‘ 4
3D models of the patients’
hearts created by
segmentation.
Patient | Patient J Patients A-g, Pulmonary
_ atvesia with ventvicular septal
defect.
Patients ¥-J, Truncus arreriosus
B

y@ Ebrahimi et al. (2020). Evaluation of personalized right ventricle to pulmonary artery conduits using in silico design and computational analysis of flow.
~3/ JTCVS open, 1, 33-48.




Breast cancer <

Mammogram

VHS Cancer

Less Dense More Dense

Physical obseyvational focus
state vayiables
anatomy, .. metaboligm, .. biopsies, - - shape, .. eﬁicacq, .. dyhamics, . . |
— '

Oete
A% COMP. ATIONAL ™53 5 CcpC
L https://cco.oden.utexas.edu/ I_PI L 1SR

G D DE : @) https://www.epfl.ch/research/domains/cis/
Syster

Jent Gt




Interest

@
—o—Hea;h & Wel-being @ -@

# of digita! +win publications in different fields based on surveyed
papers betlween 2802 and. 2021 -

(.
/ Ferdousi et al. Digital twins for well-being: an overview. Digital Twin 2022, 1:7



IDAMedical

Blue BYain

Inteyactive

heart (full female

anatemy medel)

treathineers

(autemated
brain models)

(DT medel)

(ﬁﬁ] P.HII.IPS

invent SIEMENS

L IR

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

v —
& —
 —_—
7 7 7

Garg, H. (2021). Digital twin technology: Revolutionary to improve personalized healthcare

&/
/' Science Progress and Research (SPR), 1(1), 32-34. 8D nttps://3d4medical.com/



Augmented Virtual Human Simulater

AVHS

AVHS interacts with its real entity, with s surroundings and other VHSs too






Resources -

(ECLIPSE

FOUNDATION

</

OPEN
SOURCE CODE

www.eclipse.org/ditto

_O HTTP / SSE
_( )WebSucket

AMQP
MOTT
Kafka

HTTP push

=1

B
P i

N

Devices Solutions

€c\ipse Ditto™ imp\emeM's DT in the l0T.

H mivvyors potentially billions of DTS residing in the digital
world with physical “Things” .

H is “middleware” between 10T devices and 10T solutionsg



Resources -

@ )
P

AQuUre DTs is a
platform as a
sevvice (Paas)
Hhat enables
Hhe creation of
knowledge
graphs based
on digital
models of entive |
environments:

buildings,
factories,
farms,
enevgy gyids,
Yailvoads,
stadiums, ...,
entive cities.

B Microsoft

(") https://azure.microsoft.com/it-it/products/digital-twins/



Resources -

Microsoft

&PT: (6enevative Pre-tyzined Transformer) avtoregressive language
model that uses deep leaming to produce human-like text

hat-6PT: interacts in a conveyrsational way

Bio-&PT: for Biomedical Text Genevration and mining

https://github.com/microsoft/BioGPT
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EXAMPLES

Ny 4
T —
A |
Espalda y cuello | Segundo
arqueados | 5 parpado

Garra Cerebro
de texto més pequeiio

€

Codo det Cuello
0 grados técnico

s

) https://www.scienzenotizie.it/2022/11/09/ecco-come-saremo-nel-3000-cervello-piccolo-gobba-e-occhi-spiritati-centra-la-tecnologia-10626 79







EXAMPLES

dob Studio®] Al 1|&2 0tSo{7l 1ML 2L|Ct.

Her face is Al-made virtual face by dob Studio.

\ZuiCx)ue\r\.,






The 10 Scaviest Future Tech Trendsg

Al Singularity

when Al becomes smarrer than humang

Forb e S (e https://www.forbes.com/sites/bernardmarr/2023/01/16/the-10-scariest-future- Jan 1c, 2023

tech-trends-everyone-must-know-about-right-now/



The 10 Scaviest Future Tech Trendsg

editable ftumansg
6Gene edi—\-ing

Forb e S (e https://www.forbes.com/sites/bernardmarr/2023/01/16/the-10-scariest-future- Jan 16, 2023

tech-trends-everyone-must-know-about-right-now/



The 10 Scaviest Future Tech Trendsg

tuman-machine merging
Prosthetic, exoskeleton,..

Forb e S (e https://www.forbes.com/sites/bernardmarr/2023/01/16/the-10-scariest-future- Jan 1c, 2023

tech-trends-everyone-must-know-about-right-now/



The 10 Scaviest Future Tech Trendsg

3ID printing ability

guns, organs, ..

Forb e S (e https://www.forbes.com/sites/bernardmarr/2023/01/16/the-10-scariest-future- Jan 16, 2023

tech-trends-everyone-must-know-about-right-now/



The 10 Scaviest Future Tech Trendsg

Quanrtum Computing
Arillion Himes + powerful +han supercomputers

Forb e S (e https://www.forbes.com/sites/bernardmarr/2023/01/16/the-10-scariest-future- Jan 16, 2023

tech-trends-everyone-must-know-about-right-now/



The 10 Scariest Future Tech Trends

@
Q@ (o] o)

@ Autonomous Smart Robots can make Hheir own decisions

Forb es @ https://www.forbes.com/sites/bernardmarr/2023/01/16/the-10-scariest-future- Jan 16, 2023
’

tech-trends-everyone-must-know-about-right-now/
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The (human) Digi-Rea duality

wave—particle duality % 7
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Reward:
Quantifies overall

(o]
Control inputs:
Ui Actions or decisions that
influence the physical asset
Physical State:
Parametrized state of the
physical asset

Parameters (model inputs) that
define the computational models
comprising the digital twin

\

Observational data:
Available information describing
the state of the physical asset

performance of the

: Quantities of Interest:
asset-twin system Quantities describing the asset,

estimated via model outputs

oy

PaciS
S

Kapteyn et al. (2021). A probabilistic graphical model foundation for enabling predictive digital twins at scale. ”§ Willcox. K. E. Predictive Digital Twins
Nature Computational Science, 1(5), 337-347. g5 ek 1% 155 ictive Dig! wins.
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MSM
IMM
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ADT
T
UHS
AVHS
DRD

Metaverse
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Key enabling technologies




KET: senseors

Wweayable

N

‘3\‘ CAPTIKS y \§§ Ricci ... & Saggio, G. (2022). The Impact of Wearable Electronics in Assessing .....

Capturing Kinematics IEEE Journal of Biomedical and Health Informatics, 26(7), 2920-2928.




KET: senseors

Zhang et al. (2020) Wearable circuits sintered at room temperature ....
ACS Applied Materials & Interfaces, 12(40), 45504-45515.

=
=
=
<



KET: senseors

subcutis

((m))

RADIOBENSE

istituto
italiano di
tecnologia

INQIL

Centro Protesi

=} Miozzi, Saggio, ... (2021). Near-field circular array for the transcutaneous telemetry ..... Saggio et al. (2021). A Novel Actuating—Sensing Bone Conduction-Based System for ...
IEEE J. Electromagnetics, RF and Microwaves in Medicine and Biology, 6(2), 219-227. IEEE Transactions on Instrumentation and Measurement, 70, 1-7.

\
&
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KET: senseors

immersive

Play
Digital

“ CEWISE @54;: Costantini... & Saggio, G. (2022). Deep learning and machine learning-based voice analysis for the detection of COVID-19....
| /\\s;/ Knowledge-Based Systems, 253, 109539.



KET: sensers

& Setect Our unique solution is composed by a commercial
© WiFi Access Point and the RadioPointsgSemseBox

ﬁ Identify

}L: Recoghize

Q Localize

A De Sanctis et al. (2022). Rf-based device-free counting of people waiting in line: A modular approach.
r'd IEEE Transactions on Vehicular Technology, 71(10), 10471-10484.
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KET: math/medel .

@ o

The Nobel Prize in Physics 2021

scientists who paved
the way for studies
of disordered
systrems

Syukuro Manabe Klaus Hasselmann Giorgio Parisi




o KET: computing <

The Nobel Prize in Physics 2021

scientists who paved
the way for
quanrtum computing

Anton Zeilinger, John F. Clauser, Alain Aspect




. 0 KET: computing <

New ana\og qgaw\vm computers to solve previously unsoluable p\ro\o\ems

nature physics

Article https://doi.org/10.1038/s41567-022-01905-4

Quantum simulation of an exotic
quantumcritical pointinatwo-site charge
Kondo circuit
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KET: computing ] .

Q@ o

4
DARPA Collaborates with Commercial Partners
to Accelerate Quantum Computing

Three companies selected to explore novel approaches to viable, fault-tolerant quantum

computers

OUTREACH@DARPA.MIL

1/31/2023

DAP PA Defense Advanced Research Projects Agency
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Conclusiens

DRD is the pioneer of

precision heatth pa\rad.igm

For DRD development, itis md
among Medicine, Biology, Eng

Science, ..

. ¥o Monitor, Analyze, Simulate,
Yo make i+ Descriptive, Integratify

(o]
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Conclusions
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° ¢ CNHs Dynamic Simulater (for tracter) -«
P s

forecast
simulate;
PLM
MSM
IMM

OTj

ADT

T




3D
https://www.youtube.com/watch?v=slOavC73qas

https://www.youtube.com/watch?v=012PIUTskS0&t=75s



KET: senseors

Mathematical Modeling, Artificial Intelligence, Cloud
Computing, Block Chain, Big Data, Data Analysis, IOT,
high-speed network, 5G and so on

Data Analysis, Edge Computing, Internet of Things,
Data Fusion, Intelligent Diagnosis, Clustering Analysis,
Artificial Neural Network and Decision Tree and so on

Q e e

Verrelli, ... & Saggio, G. (2021). Generalized finite-length Fibonacci sequences in healthy and pathological human walking ...
Frontiers in Human Neuroscience, 15, 649533.



