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A DEVS-based engine for building
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Digitalization and digital transformation
Industry 4.0 and 5.0

5.0 complements the existing 14.0

approach by specifically putting research 125
and innovation at the service of the
transition to a sustainable, human-
centric and resilient European industry

Nominal GDP driven by digitally transformed and other

enterprises worldwide from 2018 to 2023
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Digital twins
for cyber-biophysical systems
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Prevalence of Household Food Insecurity by Province, 2021 The Global State of Food Secu r|ty

Best and worst performing countries
} for food security in 2020°
¢ :\ ,

B Best performance  Good performance
Moderate performance ™ Need improvement

Data Source: Statistics

Canada, Canadian Income Survey !C'S] * Affordability, availability, safety, quality and natural resources of food
2020. Data on the territories from this based on 59 unique indicators across 113 countries.

S oL avVaiabie yer Source: Economist Intelligence Unit
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Prevalence of Household Food Insecurity by Province, 2021

17.9%

Data Source: Statistics
Canada, Canadian Income Survey (CIS)
2020. Data on the territories from this
survey not available yet.
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Controlled Environment
Agriculture (CEA)
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The challenge of CEA: control is hard

Maximize crop-to-energy ratio
Reduce waste

Each bush must produce 50 grams of per week
wL.starting two months from now
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Expressing expert processes

T_plant

Plants2

: ET_plant

m_alim_a

T_moy 1 a T moy2a T_moy_3_a
Phase 2 w_moy_1a w_moy_2_a w_moy 3 a
m_moy_1_a m_moy 2 a m_moy_3_a
-moy3.
[ TEGRCC2 | T_EGR_CC_1
| m_EGR_CC_2 m_EGR_CC_1
DY [T SRR PR AN SR
: P_fan  mod_fan
T alim a ‘ e LUTACC-l
w_alim_a ¢ UTA-FAN : :

LED2: <= mod_LED2
S P_LED2

T_ER_LED2_in
m_ER_LED2

T_ER_LED2_out
m_ER_LED2

mod_POS g [ e
P_PO5 *‘-

mod_P04 *’ P-04
P_P04 =
T_EGR_alim

m_EGR

*"REF-03

P_REF-03 ‘. a

T_EGR_re
m_EGR

............................................. N UURY WOR
I
N N vl
. T_EGC_HC T_EGR_alim T_EGR_alim
L m_EGC_HC m_EGR_CC_2 m_EGR_CC_1
. T_EGC_REF4_in T_EGC_REF4_in
T_EGC_alim m_EGC_REF4
m_EGC -
REF-04 :

T_EGC_ret T _EGC_REF2_out .., "
m_EGC m_EGC_REF2

13



U 4

Goal modeling

Cost of supply

kg per prod cycle

Bare root plants

depends depends

-

Quality properties.

and

pascal
\ nd

\ Efficiency of Photosynthesis
\ and
\ Plant physiology

Evapotranspiration

Plant model

makes

Economic

and

depends

makes

makes

hurts

Electricity use of the whole system

———

Leaf T sensors

Light on off

makes

Minimize energy use

ma kes

Cost of energy

depends

overall leaf area

makes

Standards KB

N

=~ ~
~N
N\
dim the lights \\
\
\
|
|
!
/
/
/
/
7
7
~

Room model
N

leaf area index

14



[ | @ WebCTRL Premium Server - /NO X | @ Damatex Graphic V3 x | @ Damatex Graphic V3. X | @ DamatexV3-integrated Schedt X | @ index x [+ - =] x
&« G A Notsecure | 192.16808/afficheurV3/ Ak = @ @
O e S N @ Darmatex Grophic V3 @ Affcheu Domatex @ DamatexV3 - Output @ WebCTRL Advantage.  [Y) PROPOSED LABEL..
S
i 3
€ ! v
0 | ® d
— — — TENSIONMETRE ~ SUBSTRAT
2 A N N RN LN N BN N BN B
SUNNY SUBSTRAT SUBSTRAT SUBSTRAT susstar SUBSTRAT SUBSTRAT SUBSTRAT SUBSTRAT Lol O m: 26,9975}
] 28.26°G) 2709°Q 21134 28.25° 208G 21.45°G) 19.24° 2699 :: ;321« %‘E‘
T - (28 -
- - - - - - - Iu - ;u .H 5s- [-24.41% 0.83°C
£xt Temp.-C 2166 | | L L . L L 65 [24.63% 8.25°C
oo Spece Mo e (] TeNSOMETRE [ TENSOMETRE TENSIOMETRE TENSIOMETRE [T TENSIOVETRE [ TENSIOMETRE [ TeNsouTRe ) TensoMéTRe TeNSiOMETRE [ TENSiOVETRE [ B L 10N 130}
L 1.00%§ wa\&ﬂ 71.76%$ 1 1475 24.63% % zuvbﬂ —25‘09\§D 1105 2525% B gss 7}3:: %:_%‘
Light (Actual) - W/M* i = Lk 28.26 2
Light (Norma) - W/ s | @ 2200 v s 000 18- [ 0.4% 15270
Joules (Recelved 24 HRS) kil -
Joules (Normal 24 HRS) ¢ @ 65.00 %
Joules (Received 30 Min ) 16/
Joules (Normal 30 Min.) L L -
sunrise 514
Sunset 2039
Length of day 1525 - — —
System Time 950
- - - - - - -
SUBSTRAT SUBSTRAT _ SUBSTRAT SUBSTRAT SUBSTRAT SUBSTRAT SUESTRAT
17.12°Q) 15.90°Q) (Te4a'c (] (17.60°CH 19.45°G) (20597 203G 15.90°C)
B A Y i
e TENSOMETRE ) TENSIOMETRE TENSIOMETRE TENSIOMETRE ey
0.86% naw;m 0.49% §| 1108 %
3063 s
- | @3 65.00 %
7370 @ t
i
TN T 10N N N
[ | @ WebCTRL Premium Server - /NC X | @ Damatex Graphic V3 X | @ OsmatexGraphic V3 X | @ DamatexV3- integrated Sched. x | @ index x [+ = 2 x
&« C A Notsecure | 192.168.0.8/afficheurV3, A W - @ 8
@ DomatexGraphic V3 @ Afficheur Damatex @ DamatexV3 - Output {0 WebCTRL Advantag.. [§) PROPOSED LABEL..
S
=
E __‘r I =
s
0 L O =
N I I
SUNNY
RECETTE 1 RECETTE 2
Ext Temp.-*C 21.66 MODE: AUCUN MODE: AUCUN
Wind Speed - Mph 19.68
Wind Direction 543
Light (Actual) - W/M? 699.00
Light (Normal) - W, VALVE
Joules (Received 24 HRS) 4
e _aiee 30.18% DIRECT:INJEGT
Joules (Received 30 Min.)
Joules (Normal 30 Min )
|
Sunrise 514 |
Sunset 2039
Length of day 15.25 ‘
System Time 9.52 ﬁﬂ e SONDE PH SONDE EC SONDE EC SONDE PH [ |
L ﬂl 5.76PH}| 1.3655E 1.35€C} 5.690H{| |
‘. 1.00EC[P :J' (" s.800H[P
AMATEX i

University 15



DT4CBPS: Conceptual framework and requirements
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Digital Twins for Cyber-Biophysical Systems:
Challenges and Lessons Learned

Fidelity is
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Lack of
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https:.//nouvelles.umontreal.ca/en/article/2022/03/16/ai-

Al on the farm;ﬁfgignpcith to food self- on-the-farm-a-new-path-to-food-self-sufficiency/

Des algonthmes pour transformer https.//lactualite.com/techno/des-algorithmes-
I'agrlculture hivernale pour-transformer-lagriculture-hivernale/

Lintelligence artificielle s'invite dans fermes verticales de l'entreprise québécoise Ferme d'hiver,
qui ambitionne de proposer une solution de rechange technologique et carboneutre a

Iimportation de fruits et légumes pendant la saison froide.

https:.//mydigitalpublication.com/publicati
on/?m=1281&i=805712&p=22&ver=htmls

hat the future brings

Exploring sustainable solutions for greenhouse adaptation and survival
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Hype Cycle for Artificial Intelligence, 2023
, Gartner.

Al Simulation

The combined application of Al and
simulation  technologies to jointly

Generative A develop Al agents and the simulated
environments in which they can be
Synthetio Deta trained, tested and sometimes deployed.

MadelOps

Smart Robots
Responsible Al
MNeuromorphic Computing
Prompt Engineering

Foundation

Artificial General Intelligence Madels

Decision Intelligence
Al TRISM
Operational Al Systems

Some of the best
() EdgeAl Compute SImUlatOI’S tOday Iﬂ DTS

Al Engineering
A Simulsion @) N -
oo Cloud Al Data Labeling

Knowledge Graphs Services and Annotation

Composite Al
Data-Centric Al

Expectations

Neuro-Symbolic Al

Multiagent Systems Intelligent Applications

First-Principles Al
Automatic Systems

Autonomous Vehicles
Al Maker and Teaching Kits

Peak of
Innovation Inflated Trough of Slope of
Trigger Expectations Disillusionment Enlightenment

Xiaoran (Sharon) Liu

Time E « Xiaoran Liu and Istvan David. “Al Simulation by Digital Twins: Systematic Survey of the State of
Plateau will be reached: i the Art and a Reference Framework”. In;: ACM/IEEE MODELS-C / EDTConf'24. ACM, 2024.
i ¢ Xiaoran Liu and Istvan David. “Al Simulation by Digital Twins: Reference Framework and
' Mapping on ISO 23247". In: Soft. Syst. Model. Springer. 2024. [Under review|
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Opportunity:
purposeful experimentation to acquire missing data

DIGITAL Virtual experiment
== simulation Simulation
Model M >
trace
PHYSICAL
Experiment Observation
System S >
data
e N aster sasecon; | 5P Ziglerand 7| oren Theory of Modeling and Simuiation-ro79.



Domains/problems

Digital twins

Al/ML

3O Lifecycle models

Challenges/limitations
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Al Simulation by Digital Twins

Systematic Survey of the State of the Art and a Reference Framework

Xiaoran Liu
McMaster University
Hamilton, Canada
liu2706@memaster.ca

ABSTRACT

Insufficient data volume and quality are particularly pressing chal-
lenges in the adoption of modern subsymbolic AL To alleviate these
challenges, Al simulation recommends developing virtual training
environments in which Al agents can be safely and efficiently de-
veloped. Digital twins open new avenues in Al simulation, as these
high-fidelity virtual replicas of physical systems are equipped with
state-of-the-art simulators and the ability to further interact with
the physical system for additional data collection. In this paper, we
report on our systematic survey of digital twin-enabled AI simu-
lation. By analyzing 22 primary studies, we identify technological
trends and derive a reference framework to situate digital twins
and Al components. Finally, we identify challenges and research
opportunities for prospective researchers.

CCS CONCEPTS
« General and reference — Surveys and overviews; - Comput-
ing methodologies — Learning settings.

KEYWORDS

AL artificial intelligence, data science, deep neural networks, digital
twins, lifecycle model, machine learning, neural networks, rein-
forcement learning, SLR, subsymbolic AL survey, training

ACM Reference Format:

Xiaoran Liu and Istvan David. 2024. AT Simulation by Digital Twins: System-
atic Survey of the State of the Art and a Reference Framework. In Proceedings
of International Conference on Engineering Digital Twins (EDTConf"24). ACM,
New York, NY, USA, 12 pages. https://doi.org/X3C00CC0000OX

1 INTRODUCTION

Modern artificial intelligence (AI) is enabled by massive volumes of
data processed by powerful computational methods [84]. This is a
stark contrast with traditional Al which is supported by symbolic
methods and logic [69]. The volume and quality of available data
to train Al is the cornerstone of success in modern Al However, ac-
cessing and harvesting real-world data is a substantial barrier due to
its scarcity, cost, or difficult accessibility, hindering the development
of precise and resilient AI models. For example, in manufacturing,

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the [ull citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, o post on servers or to redistribute to lists, requires prior specific permission
and for a fiee. Request permissions from permi Darm.org

EDTConf 24, September 23-24, 2024, Linz, Austria

© 2024 Copyright held by the owner/suthor(s). Publication rights licensed to ACM.
ACM ISBN 978-x-xxox-xxx0c-x/YY/ MM

hittps:fdoiorg XOO0O0COONNX

Istvan David
McMaster University
Hamilton, Canada

istvan.david@mcmaster.ca

proprietary data, data silos, and sensitive operational procedures
complicate the acquisition of data [43]. Data-related barriers, in
turn, limit the applicability of otherwise powerful Al methods.

Al simulation is a prime candidate for alleviating these problems.
As defined by Gartner recently, Al simulation is the technique of
“the combined application of Al and simulation technologies to jointly
develop Al agents and the simulated environments in which they can
be trained, tested and sometimes deployed. It includes both the use of
Al to make simulations more efficient and useful, and the use of a wide
range of simulation models to develop more versatile and adaptive AI
systems” [47]. After modeling the phenomenon or system at hand,
a simulation of the model computes the dynamic input/output
behavior [77], representative of the system. A simulation produces
data, called the simulation trace, that represents the behavior of the
simulated system over time. These traces can be used as training
data for Al agents, assuming that the simulation is a faithful, valid
and detailed representation of the modeled system, and that the
simulation can still be executed efficiently and in a timely manner.

With the emergence of digital twins (DT) [54], the quality at-
tributes of simulators have improved as well. Simulators are first-
class components of DTs [36] and enablers of sophisticated services,
e.g., real-time adaptation [73], predictive analytics [62], and pro-
cess control in manufacturing [28]. These advanced services require
well-performing and high-fidelity simulators—the types of simula-
tors that align well with the goals of Al simulation.

A recent interview study on DTs with nineteen academic and
industry participants by Muctadir et al. [58] mentions that “ma-
chine learning and reinforcement learning could possibly be combined
with DTs in the future, to help to learn about complex systems (i.e.,
safety-critical systems) in a virtual environment, when this is difficult
to do on the real-world system” Similar ambitions have been iden-
tified by Mihai et al. [56] as future prospects of DTs. Indeed, the
improvements in simulator engineering that have been driven by
DTs, are generating interest in DTs for Al simulation. It is plausible
to anticipate that the next generation of Al simulation techniques
will be heavily influenced by the further advancements of DT tech-
nology [51, 66]. Therefore, it is important to understand the state
of affairs in digital twinning for Al simulation purposes, prepare
for the related challenges, and set targeted research agendas.

This work marks a step towards converging Al simulation and
DT technology. We review the state of the art on Al simulation by
DTs, derive a framework, identify trends in system organization,
Al flavors, and simulation, and outline future avenues of research.

Context and scope. In this work, we focus on Al simulation by
digital twins. We acknowledge the utility of the other direction, i.e.,
simulators of DTs being enabled by Al [55]; however, we consider
such works outside the scope of the current study.
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DT4Al Reference framework
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Opportunity:
purposeful experimentation to acquire missing data

DIGITAL Virtual experiment
== simulation Simulation
Model M >
trace
PHYSICAL
Experiment Observation
System S >
data
\I(,I\Ll%[t‘]' Based on B. P. Zeigler and T. |. Oren, “Theory of Modelling and Simulation,” 1979,
University © + H. Vangheluwe et al. "An intreduction to multi-paradigm modelling and simulation.” 2002.

System
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Deep learning proliferates

Table 7: Al methods

Al #Studies Studies

RL 18 (81.8%)

L, DRL 13 (59.1%)

L Value  8(36.4%) [2, 10, 14, 15, 18, 19, 21, 22]

L Policy  5(22.7%)  [6,8,9, 11, 13]

L, Vanilla  5(22.7%) [4,7, 16, 17, 20]
DL 4(18.2%) [1,3,5,12]
TL 1(45%)  [16]

28



Deep learning proliferates
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Frequency of
interactions: might be
limited

Data velocity
and volume

Fidelity: hard to
assess and ensure

o Instrumentation
% Challenges/limitations
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Systems of Twinned Systems
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Digital Twins + System of Systems
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Scalable integration
Digital Twins , Scalable integration

Purposeful engineering of emergent behavior
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Digital-Physical Convergence

v

Loose Systems Coordination
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Characteristics of SoS
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Digital twins and sustainability
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Problem: our systems and methods are not sustainable

“ meet/ng the needs Of the present \X/Ithout Comprom/SIng Prevalence of Household Food Insecurity by Province, 2021
the ability of future generations to meet their own needs
(Brundtland)

€€ Technical sustainability addresses the
long-term use of software-intensive
systems and their appropriate evolution in ‘
a  constantly  changing  execution

o] O
§S) e
C

< 2
O O
O O
— Ll

—— 16.3
. L
environment 7
Data Source: Statistics 19.0%
s Canada, Canadian Income Survey (CIS) o
P. Lago, S. A Kogak, I. Crnkovic, and B. Penzenstadler. 2020. Dok on s temhorles from tis
. . e B survey not available yet.

Framing Sustainability as a Property of Software Quality,

Commun. ACM, vol. 58, no. 10, pp. 70-78,Sep.2015. [ waturt ano environment | furore
Air pollution: Nearly everyone in Europe
breathing bad air

] r ;\;itth;e EU voting on new air quality rules, satellite datas_hm 98% eople face pollution

2bove limits recommended by the World Health Organization.
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Digital Twins for Sustainable Systems
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Top Strategic Technology Trends 2024

Rise of the
Builders

Platform
Engineering

Al-Augmented
Development

Protect Your Investment Deliver the Value

Al Trust, Risk and Indrl;:sl;;y Cloud Alntﬁlllgtgnt Machine i
Security Management atrorms pplications Customers i
: Augmented '
Continuous Sustainable Connected 1§ &
Threat Exposure Technology Workforce -

Management

Democratized
Generative Al

Source: Gartner Gartner
@ 2023 Gartner, Inc. and/or its affiliates. All rights reserved. CM_GTS_2080051 ®




By 2027, 80% of ClOs will have performance
metrics tied to the sustainability of the IT

organization.

Source: Gartner

Technology Workforce

Gartner




Digital twin GUI/API Actuation
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-1. David, P. Archambault, Q. Wolak, C. V. Vu, T. Lalonde, K. Riaz, E.
Syriani, and H. Sahraoui. ‘Digital Twins for Cyber-Biophysical
| Systems: Challenges and Lessons Learned’. In: 2023 ACM/IEEE 26th
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Energy-efficiency of Digital Twins

2.0}

Precision ** e

data

Model control

State actions

Digital T\X/in PhySiCOl T\X/in Add DEVS state addState(M,s): M = M | SuU (s}, ta(s) = inf (8)

Set initial state setlnitial(M,s € .0 < e < ta(s)) : M'=M | inie = (5.€) (19

DAE causal sequence

A Survey of Techniques for Approximate Computing

DEVS

iDi:fféren:be Eq ua:tions

scheduling-hybrid DAE

. Remove DEVS state removeState( M, s): M' = M | 5\ {s} 9)
PDE Bond graph (a-causal) : Cellular Automata I
H , State transition actions
: | Add internal transition addintTransition(M,d = (s,.5,)) : M'=M| A, u{d} (10
KTG ' Statecharts Petri Nets Process Interaction Remove internal transition  removelntTransition( M, € A,,,) : M'= M | A,,,, \ {3} (1
| , \ Discrete EVent Add external transition addExt Transition(M,§ = (s, 5)) : M=M | Agse U {8} (12)
DAE ﬂOn-CausaL set i E | ! Remove external transition  removeErt Transition(M, 8 € A) : M = M | Ay \ {5} (13)
© 1 Activity Scahning i 3-Phase Approach Time sdvance actions
i E Discrete Event i Discrete Everit Set time advance updateTa(M, s’ € Ry o)t M' = M | ta(s) =1’ (14)
System dynamics Bond graph b | ?
y y (Causa l) i | _I_ d ' ' J Interacting with other models
i i Ime | EVQﬁ\t SCheduu,ng Add output addOutput(M,y) : M' = M | Y U {y} (15)
i E AUtomata | DISCrete EVer?t Remove output removeQutput(M,y € Y): M' = M | Y\ {y} (16)
DAE causal set Transfer i ; ! | Add input addinput(M,z): M' = M | X U {z} amn
function P Remove input removelnput(M,x € X): M' = M | X \ {} (18)
| DESS !

i
'
'
'
'
'
'
1
1
'
'
!
I
| Model initialization
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i
'
'
'
'
'
1
'
|
I
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SPARSH MITTAL, Oak Ridge National Laboratory
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v Does not trivially
translate to
energy savings!
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More abstract approximations
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Evolution of Digital Twins

Physical Twin

Re-calibrate ]

Re-model ]

Reconcile

1

S
. BN B S O S S S B S e e .

Re-deploy

Re-configure «_______ | e ______ -

, *+ lIstvan David and Dominik Bork. ‘“Towards a Taxonomy of Digital Twin Evolution for |
' Technical Sustainability”. In: MODELS-C 2023 Companion, Vasteras, Sweden. [EEE, 2023 |
i * Judith Michael, Istvan David, and Dominik Bork. “Digital Twin Evolution for Sustainable |
1
1

+ BN+ 1
M.CMa'Ster Smart Ecosystems”. In: MODELS-C 2024 Companion, Linz, Austria. ACM, 2024 !
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Evolution of Digital Tw
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Evolution of Digital Twins

Physical Twin: Citizen Energy Community fluctuations requires addition Al-driven predictions

of model and recalibration m .
require new data
Commercial Model and models
Hub \ Data
Energy Storage + D’g’tal Twin

Power Plant

WE

Residential Hub

R

McMaster

University

Added sensors and actuators for
management of excess energy
provide new data and require

new models and services

Service

Hospital
Power Distributer

-—./ e
N S
sda 5 |
Photovoltaic Energy Storage Wind Farm Ph\fsical
Twin

Digital EVReS Reuse of the data and models
Twin Data of the coal power plant for
another digital twin

, *+ lIstvan David and Dominik Bork. ‘“Towards a Taxonomy of Digital Twin Evolution for |
I Technical Sustainability”. In: MODELS-C 2023 Companion, Vasteras, Sweden. I[EEE, 2023 |
I » Judith Michael, Istvan David, and Dominik Bork. “Digital Twin Evolution for Sustainable |
! Smart Ecosystems”. In: MODELS-C 2024 Companion, Linz, Austria. ACM, 2024 !
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Rapid development of Digital Twins:
Simulator inference by reinforcement learning

Digital Twin

Action

P S I S S S S S S DS S e B B D S B B B e B e e e . ///
I Add DEVS state

State actions

State
|

< |
Reward

- ----ofm----------------- _|trace.trace/

a specific DEVS configuration
(structure and parameters)

DE Bond graph (a-causal) : Cellular Automata

KTG

DAE non-causal set . .
Activity Scanning

System dynamics Bond graph Discrete Event

P

Statecharts Petri Nets Pprocess Interaction

Discrete Event

3-Phase Approach

; (causal) | Timed EvenitSchedu:ling

3 ' Automata Discrete Event

. DAE causal sef Transfer Lo i P :

; function P : o 1

| DAE causal sequence

. scheduling-hybrid DAE DRSS, - DEVS i+ ;

. : Difference Equations |
VoV Y VY VoENWW VY VYV

. Discrete Event

\4

State trajectory (observation frame)

addState(M,s) : M' = M | Su {s}, ta(s) = inf (8)

Remove DEVS state removeState( M, s): M' = M | S\ {s} (9)
State transition actions

Add internal transition addint Transition(M,§ = (s;,5,)) : M= M| A, v{d} (10

Remove internal transition  removelnt Transition (M, 6 € A, ) : M' = M | A, \ {6} (1)

Add external transition addEzt Transition( M, § = (s, 5)) ¢ M =M | Aerr v {8} (12)

Remove external transition  removeExt Transition(M, 6 € Ao.) ¢ M =M | Aine \ {0} (13)
Time advance actions

Set time advance rnpr!ateTa(.'\I.s.f ERp o) : M =M | ta(s) = t (14)

Interacting with other models

addOutput (M, y) : M' = M | Y u {y} (15)

Remove output removeQutput (M, y € ¥): M = M | Y\ {y} (16)

Add input addinput(M,z): M' = M | X u {z} (17)

Remove input removelnput(M,x € X): M = M | X \ {x} (18)

Model initialization
Set initial state setinitial{M,s € S,0 < e < ta(s)) : M'=M | Ginie = (s,€) (19)

Istvan David and Eugene Syriani. “Automated Inference of Simulators in Digital Twins". In:

Handbook of Digital Twins. To appear. CRC Press, 2023. isbn: 978-1-032-54607-0

Istvan David and Eugene Syriani. “DEVS Model Construction as a Reinforcement Learning Prob-

lem”. In: 2022 Annual Modeling and Simulation Conference (ANNSIM). IEEE. 2022, pp. 30-41.

Istvan David, Jessie Galasso, and Eugene Syriani. “Inference of Simulation Models in Digital
Twins by Re-inforcement Learning”. In: MODELS-C 2021, IEEE, pp. 221-224.



Social sustainability of Digital Twins

' Individual
Whose decisions are twinned anyways?
* Inclusive partnerships are key in fostering societally sustainability

 Include those who may be affected by the Digital Twins that govern
socio-technical systems

'ﬁ'ﬂ‘ﬂ‘ Society
Adoption in lower-income economies?
 Digital solutions that might not be viable in another context
 Variability, product families, validity frames
m% Organizations
Who will adopt these solutions?

« Higher-digitalized domains: lack of agility, lack of understanding of
benefits

» Lower-digitalized domains: lack of expertise, lack of trust

gégﬂMcMaster

® University

VIENNA MANIFESTO ON
DIGITAL HUMANISM

VIENNA, MAY 2019

»The system is failing« — stated by the founder of the Web, Tim Berners-Lee — emphasizes
that while digitalization opens unprecedented opportunities, it also raises serious concerns:
the monopolization of the Weh, the rise of extremist opinions and behavior orchestrated by
social media, the formation of filter bubbles and echo chambers as islands of disjoint truths,
the loss of privacy, and the spread of digital surveillance. Digital technologies are disrupting
societies and questioning our understanding of what it means to be human. The stakes are
high and the challenge of building a just and democratic society with humans at the center

of technological progress needs to be addressed with determination as well as scientific
ingenuity. Technological innovation demands social innovation, and social innovation requires
broad societal engagement.

This manifesto is a call to deliberate and to act on current and future technological
development. \We encourage our academic communities, as well as industrial leaders,
politicians, policy makers, and professional societies all around the globe, to actively participate
in policy formation. Our demands are the result of an emerging process that unites scientists
and practitioners across fields and topics, brought together by concerns and hopes for the
future. We are aware of our joint responsibility for the current situation and the future — both as
professionals and citizens.

Today, we experience the co-evolution of technology and humankind. The flood of data,
algorithms, and computational power is disrupting the very fabric of society by changing

human interactions, societal institutions, economies, and political structures. Science and the
humanities are not exempt. This disruption simultaneously creates and threatens jobs, produces
and destroys wealth, and improves and damages our ecology. It shifts power structures,
thereby blurring the human and the machine.

The quest is for enlightenment and humanism. The capability to automate human cognitive
activities is a revolutionary aspect of computer science / informatics. For many tasks, machines
surpass already what humans can accomplish in speed, precision, and even analytic deduction.
The time is right to bring together humanistic ideals with critical thoughts about technological
progress. We therefore link this manifesto to the intellectual tradition of humanism and similar
movements striving for an enlightened humanity.

Like all technologies, digital technologies do not emerge from nowhere. They are shaped
by implicit and explicit choices and thus incorporate a set of values, norms, economic interests,
and assumptions about how the world around us is or should be. Many of these choices remain
hidden in software programs implementing algorithms that remain invisible. In line with the
renowned Vienna Circle and its contributions to modern thinking, we want to espouse critical
rational reasoning and the interdisciplinarity needed to shape the future.

We must shape technologies in accordance with human values and needs, instead of

llowing technologies to shape h Our task is not only to rein in the downsides of
information and communication technologies, but to encourage human-centered innovation.
We call for a Digital Humanism that describes, analyzes, and, most importantly, influences the
complex interplay of technology and humankind, for a better saciety and life, fully respecting
universal human rights.

Tzachor, A., Sabri, S., Richards, C.E. et al. Potential and limitations of digital twins to achieve the Sustainable
Development Goals. Nat Sustain 5, 822-829 (2022). https://doi.org/10.1038/541893-022-00923-7
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Twin transition




By 2027, 80% of ClOs will have performance
metrics tied to the sustainability of the IT

organization.

Source: Gartner
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Gartner
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By way of conclusion




Digital Twins
Foundations and applications
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Sustainable systems .by sustainable methods

Digitalization and digital transformation
Industry 4.0 and 5.0

15,0 complements the existing 140
approach by specifically putting research
and innovation at the service of the
transition to a sustainable, human-
centric and resilient European industry

Systems of Twinned Systems

Autonomy

Belonging

Nominal GDP driven by digitally transformed and other /

enterprises worldwide from 2018 to 2023 /
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n European
Commission /
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