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Europe is Lagging in Innovation

Europe is behind other regions in research and innovation:

» [nternational patent applications *Source: WIPO Statistics Database

o China 47,2% T
o USA 16,8% =T China
Japan 8,4% —
S i T
o Korea 6,8% patent applications a'pplicrations v v
o ~+ " Japan
o EPO5,6% =+~ Republic of Korea
e EPO*
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= European patent applications : Top 5 applicants *Source: EPO
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o Qualcomm
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Europe is Lagging in Semiconductors

Europe is behind other regions in semiconductors:

= Semiconductor revenue growth in 2024 *Source: www.semiconductors.org
o Americas +44,8%
o China +18,3%
o APAC +12,5%
o Japan -0,4%
o Europe -6,4%

= Global wafer fabrication capacity *Source: www.semiconductors.org

2022 10% 8%
2032F 8%

= Semiconductor industry value-add in 2022 *Source: www.semiconductors.org

Total

Overall value chain 100% 38% 1% 12% 12% | 1% 1%
USA EU Japan South  Taiwan Mainland RoW
Korea China
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Europe is Lagging in Design Automation

Europe is behind other regions in Design Automation:

= Global Electronic Design Automation (EDA) market 2025 *Source: www. intellectualmarketinsights.com

o North America 45%
o APAC 30%

o Europe 15%
o Rest of the World 10%

= Design automation industry is ~50bn$ industry with 30% R&D investment
o USA dominated
o Europe is practically non-existent
o China has initiated its own EDA industry

= European universities focus on open source and freeware
o Graduates have no knowledge in commercial tool flows
o Publications do not reflect the rapid improvement of the commercial tools *
o Bad experiences cause reluctance to adopt new design methodologies

* 8. Lahti, T. D. Hamalainen: High-Level Synthesis for FPGAs—A Hardware Engineer's Perspective, IEEE Access vol 13, 2025
10.1109/ACCESS.2025.3540320
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Why do we need Engineering Automation?

Other problems Europe is facing

= Skills gap
o MINT subjects are not attractive to the students
o Microelectronics, specially design of large digital ASICs offered by few universities
o Electronics engineers getting retired, missing 75.000 engineers in 2030 (Efecs 2024)
o Adoption of new design methodologies is far behind the other regions

* Fragmented industry

o European semiconductor vendors are small
No EU companies in WW top 10 *Source: https://companiesmarketcap.com/

o Many small design facilities, 21% of WW design facilities *Source: www.semiconductors.org

o Very few design engineers, only 4% of design engineers WW *Source: www.semiconductors.org
USA 32%
China 28%
India 19%

= Conclusion: European engineers must be much more productive to be competitive
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Potential Methodologies to Increase Productivity

Raising abstraction level
o Model based system level engineering with automatic code generation

Standardize methodologies and model exchange
o SySML, semantics and standards

Verification shift-left and automating design steps
o Digital twinning and copiloting

Manage product development, manufacturing and support
o Engineering over the lifecycle

Supporting infrastructure
o Open source and the ecosystem
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Introductions

» Systems Engineering and where is Model Based Systems Engineering leading us?
o Maarten Bonnema, University of Twente

= SysML, Semantics & Standards: Semantic Integration in Cyber-Physical Environments
o Torbjorn Holm / Carl Borngrund, Lulea University

= Digital Twinning & Copiloting
o Pal Varga, Budapest University of Technology and Economics

» Engineering the future: Addressing system complexity in high-tech equipment
o Benny Akesson, TNO

= Why you should consider open source in your ecosystem
o Boris Baldassari, Eclipse Foundation

= Open discussion & closing remarks
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Who is Maarten Bonnema
SEMD>

UNIVERSITY OF TWENTE.

> Full Prof in Systems Engineering and
Multidisciplinary Design - SEMD

» MSc in Electrical Engineering

» EngD in Technical Systems (Mechatronics
& Mechanical Engineering)

* PhD in Systems Architecting

» Industrial Experience as Systems
Engineer at ASML

> Collaboration with, and consulting for
high-tech companies

» INCOSE Fellow

(International Council On Systems Engineering)
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What is Systems Engineering?

INCOSE definition:

“a transdisciplinary and integrative
approach to enable the successful
realization, use, and retirement of
engineered systems, using systems
principles and concepts, and
scientific, technological, and
management methods.”
https://www.incose.org/about-systems-

engineering/system-and-se-definition/systems-
engineering-definition, accessed 20230626

Noah'’s Ark, Roman Aquaducts & Road System
1960s: MIT course on SE by Arthur Hall
1966: USAF SE Handbook

1969: STD-499 Military Standard: SE
Management

1990: National Council on Systems Engineering,
renamed in 1995 INternational: INCOSE

1995: NASA SE Handbook

1996: The Art of Systems Architecting by Maier
and Rechtin

1998: INCOSE SE Handbook v.1
2009: CNN Money calls Systems Engineer “the

3 best job in the world”
. {o@
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What is Systems Engineering?

INCOSE definition:

“a transdisciplinary and integrative
approach to enable the successful
realization, use, and retirement of
engineered systems, using systems
principles and concepts, and
scientific, technological, and
management methods.”
https://www.incose.org/about-systems-

engineering/system-and-se-definition/systems-
engineering-definition, accessed 20230626

“...the systems engineer resembles an
architect, who must generally have adequate
substantive knowledge of building materials,
construction methods, and so on, to ply his [or
her] trade. Like architecture, systems
engineering is in some ways an art as well as
a branch of engineering. Thus, aesthetic
criteria are appropriate for it also. For example,
such essentially aesthetic ideas as balance,
proportion, proper relation of means to ends,
and economy of means are all relevant in a
systems-engineering discussion.”

Hendrick Bode in a 1967 report for the US House of
Representatives

S
X%

https://nap.nationalacademies.orag/read/21281/chapter/6
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What is Systems Engineering? - a practical description

1. The System perspective; 1. The System Perspective:

2. Separate the what and how much, - Zooming in to relevant details

from the how; » Zooming out to the context and

3. Focus on the interfaces; environment

4. Uncertain and incomplete » Zooming in and out
information in taking far-reaching In Hierarchy and Time
decisions;

» Relying on Communication in a
context of Multi-disciplinarity.

* One person’s system is another
person’s subsystem

%

2
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What is Systems Engineering? - a practical description

2. Separate the what and how 3. Focus on the interfaces

much, from the how “There are two kinds of Systems

 Fundamental to SE Engineers: those that look at the
interfaces and amateurs”

* Distinguish the Function from the | |
, ‘ ) — Robert Halligan - PPI

Solution

* Define what is good enough

E
3 L
A .
s'j 3 solution [~
A
“ Q Mext development step
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What is Systems Engineering? - a practical description

4. Uncertain and incomplete + Relying on Communication in a
information in taking far-reaching context of Multi-disciplinarity
decisions . o :
% » Different disciplines use different
N languages

b ¢ o » Integration and consistency is not

N iy easily checked
ot i » SE looks at the big picture and across
T e disciplines

"If a man will begin Withr certainties, he
shall end in doubts; but if he will be

content to begin with doubts he shall /j _
end in certainties” The SE uses many “simple”

_ _ diagrams to acquire, manage and
Sir Francis Bacon J J

show very diverse types of

Pictu.re. source: Bonnema, G. M, K. T Veenvliet and J. F. Broenink (2016). Systems Design and Engineering: facilitating |nf0 rm atlon a nd kn0W|e dge
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Transition from “Paper & document based” to “Model based”

Paper & document based SE Model Based SE (MBSE)

- The “truth” is in reviewed and - The “truth” is in an interlinked set
accepted documents of models

- “baselines” - Documents (snapshots) can be

- Widespread use of pictures and generated automatically

diagrams (“model supported™) - Tooling BT S en,
: ntial == s wm
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MBSE

- Philosophy INCOSE: MBSE is the “formalized
(Long&Scott: “thought process”) application of modeling to support

" Method system requirements, design, analysis,

verification and validation, beginning in

- Tool(s) the conceptual design phase and

continuing throughout development and

- Facilitated by a language : ]
later life cycle phases

- Language (e.g. SysML) and tool
without method or philosophy is no SE

 Philosophy or method without tool and
language is impractical and unstable

'\9(\ Long, D. and Z. Scott (2011). A Primer for Model-Based Systems Engineering. INCOSE Wiki:
N\ Blacksburg, VA, USA, Vitech Corporation. https://incosewikiinfo/Model_Based_Systems_Engineering/index.php?title=MBSE

@ Definitions retrieved 20250829
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Promises of MBSE

2020 48 benefits claimed

s Improved system quality Reduce time Higher-level support for
MBSE enhances the ablllty to Capture’ Increased rigor Improved consistency automation
analyze, share, and manage the information Increased traceability  Increased capacity for R%dslil(ge burden of SE
: : . . Reduce errors reuse
associated with the complete specification Reduce cost Easy to make changes Better manage
of a product, resulting in the following Reduce risk Reduce rework moroved systern
! i i Reduce waste proved syste
. Improved risk analysis understanding
benefits: Improved system design Increased productivity o 4\ <o offort
BT Increased effectiveness Increased efficiency Better data
Improved communications among the Improved deliverable Increased trangparency management/capture
development stakeholders Bqtuta“ty | :ncreaseg gonft')qlétnce Better decision making
ea etter requwements ncrease exipllity Better accessibility of
- Increased ability to manage system generation Betler requirements information
. Increased accuracy of management Better knowledge
CompIeX|ty | estlma’ijes . Ease of design management%apture
X : mproved predictive customization Improved architecture
Improved product quality ability _ Higher level of SUPPOTt  Multiple viewpoints of
- Enhanced knowledge capture and reuse Better analysis capability forintegration model
o Improved capability Increased uniformity Better communication/
s Improved ab|||ty to teach and learn SE More Istakehcglder Increased precision information sharing
Involvemen Early V&V Improved collaboration
fundamentals Strengthened testing Reduce ambiguity
\9 Friedenthal S, Griego R, Sampson M. INCOSE model based systems engineering (MBSE)
{% |n|t|at|ve Paper pesented atINCOSE 2007 Symp05|um San Diego, CA USA’ 2007 . Henderson, K. and A. Salado (2021). "Value and benefits of model-based systems engineering
: MBSE t d 20250829 e y (MBSE): Evidence from the literature." Systems Engineering 24(1): 51-66.
@ SYST Ee 1216\&6\ GINEERING & MULTIDISCIPLINARY DESIGN (c) G.Maarten Bonnema 2025 10 UNIVERSITY OF TWENTE.
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Types of projects and MBSE suitability

J
\ ' 4
I@\
G
W
Greenfield (Sequential) Brownfield
Projects start (largely) from scratch Projects create evolutionary changes to
existing system designs
Each project can decide on its methodology Documentation approach stable across
and documentation approach many projects and generations
Common in space and defense Common in High-Tech

%,
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Challenges of MBSE

- Large body of knowledge not - Actual measured value of MBSE
coded in models (in particular unclear pendersonssaadol
relevant for sequential brownfield

ot - Proficiency in handling an abstract
projects) System Language
- Learning curve for tooling and

* Inhibits communication to non-SE-ers
language
- Mental load to handle the language

- Cultural aspects . -
Language processing

- Perceived value Engineering
'\5,‘(\ Huldt, T. and I. Stenius (2019). "State-of-practice survey of model-based systems
\ engineering.” Systems Engineering 22(2): 134-145. <- Note that >70% of the Henderson, K. and A. Salado (2021). "Value and benefits of model-based systems engineering
respondents in the reported survey are from Aerospace and defense! (MBSE): Evidence from the literature." Systems Engineering 24(1): 51-66.

_ SYSTEMS ENGINEERING & MULTIDISCIPLINARY DESIGN (c) G.Maarten Bonnema 2025 12 UNIVERSITY OF TWENTE.
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Flavours and mixtures of Paper Based and MBSE

» From MBSE-approaches:

» Formality

» Error checking

» Consistency checking

| |
| I

A3 Architecture Overview

» Single source of truth

* From paper-based approaches:

» High info content

» Facilitating communication

> Tailored representations for
discussions

\%/,)
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Outlook

- Develop user-friendly tooling
(ongoing)

- Bridge the gap between pictures
and formal models

- Use Al to “mine” bodies of
knowledge

- Teach SE to all engineering
disciplines

S
2
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UNIVERSITY OF TWENTE.

UT is Member of

Thank you!

More information on www.utwente.nl/semd

SE in 45 minutes: https://tinyurl.com/SEin45min

SYSTEMS ENGINEERING &

SEMD>

-_—
MULTIDISCIPLIMARY DESIGM

SYSTEMS DESIGN

AND ENGINEERING

Facilitating Multidisciplinary
Development Projects

RGP . Maarten Bonnema
Tofor & Frands roup Karel Th. Veenvliet
Jan F. Broenink



http://www.utwente.nl/semd
https://tinyurl.com/SEin45min

S
2
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The Vee-Model

Acceptance test

Customer Validated
Wish System

Test Definition \ Test Definition /
Define System - Full System Define System - Full System
Requirements Operation and Requirements Operation and
Verification Verification

\

Allocate System
Functions to
Subsystems

\

Allocate System
Functions to
Subsystems

/l

Verification of
Subsystems

/

Verification of
Subsystems

Detail Design of Verification of
Components Components

. f

Detail Design of Verification of
Components Components

 f

\S:,.%
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INSIDE

Industry Association

SysML, semantics & standards

Semantic Integration in Cyber-Physical
Environments

From requirements to handover and operations, knowledge graphs
unifying standards and technologies for a flexible product value network

Use Case 2.9 Demonstration | September 4, 2025 A

. - . . . . ARROWHEAD
This research work has been funded by the European Commission, through the European H2020 research and innovation programme, KDT Joint Undertaking, and
National Funding Authorities from 12 involved countries under the research project Arrowhead Tools with Grant Agreement no. 101111977 . fPVN




Lifecycle of an artifact

Products and Production Lines: Both Are Designed, Built, and Evolved INSIDE

Industry Association

Requirements

Specification

Design Is it possible to seamlessly integrate

Build these phases along with their respective
P technologies and standards?

Handover

Operations

The longest phase should be the operation where maintenance, failure, evolution take place until

retirement !

ARROWHEAD
fPVN



Major Engineering standard languages ﬂ

INSIDE

Industry Association

Major standards are developed and maintained within their own contexts, each
with distinct semantics and employing different modeling technologies and
architectures.

‘ Semantic gap ‘ Technology gap ‘ Architectural gap

Applied Approach to Address Shortcomings:

1. Transform lexical modeling standards into the W3C Semantic Web OWL 2 DL
language, while preserving the original semantics of the standards.

2. Utilize W3C standard technologies such as SPARQL, SHACL, RDF, SKOS, etc.,
to support information management through knowledge graphs.

3. Unify architectural frameworks by adopting W3C technologies h

as a common foundation.

ARROWHEAD
fPVN



Enabled features
INSIDE

* Extendibility and flexibility (ISO 27362-3) * Consistent knowledge industry Association

Consistency Control in a
Knowledge Graph

created
@y\ subclass of>
KNOWLEDGE GRAPH 1 E KNOWLEDGE GRAPH 2 /
\ resident
artist @ @ author @ 4 of
659

UPPER ONTOLOGY

title I title title INCONSISTENT

S R pemecmens
KNOWLEDGE GRAPH ALIGNMENT | Paris
* Reasoning and Inferencing * Common tools and technologies

Reasoning and Inferencing in

OWL 2 DL (Protégé) [Reasoners]
RDF/XML SPARQL
EditOI‘S Engines
) — Ontology Description
John | : Alignment Logic
. FACT |

. R |

ARROWHEAD
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Example of transformation of standards

Mature standard with very large uptake

INSIDE

Industry Association

STEP Core model transformed to a STEP Core Ontology

bdd [Package] Diagrams [ Breakdown lJ

wblocks
BreakdownRelationship

wblocks
Breakdown

Relating |4

: ldentifierS: 1
Name : DescriptorSelect [0..1]

t

BreakdownElemen ‘ ‘ *© BreakdownElemen ‘

tRelationship

f

I

b
|

ReferenceComponent |1

PlacedComponent

wblocks
ComponentPlacement

Placement : Traﬁéfurmat\unﬁeled [

con 0.* 1 Description : DescriptorSelect [0..1]
{=elf.Relating == self. Related} ClassifiedAs : Classification [0..%]
Related |sameAs : Proxy [0..%]
; 0.2 1
RelationType : ClassSelect [1] or I
BreakdownType : ClassSelect [1]
VersionOf [ 1
readOnly}
Versions |1.*
wblocks 1
block: 3
Breakd -:.D'C AP Relating BreakdownVersion
: = 0 1 BreakdownContext N eblocks «blocks
1 Relating <= ITR.I ted - W : identifierSelect [1] 0.. BreakdownElement Relating .
{self.Relating <= self Related} Related | Description : DescriptorSelect [0..1] xblocks parts 1 0.* = = -
* SameAs : Proxy [0.7] BreakdownMember d : IdentifierSelect [11- - X - -
0. 1 ClassifiedAs : Classification [0..%] — Name : DescriptorSelect [0..1] Related {self.Relating <= self Related}
. 10 D iption : D iptorSelect [0..1
ﬁ:mgk%espgur;{cl[ruse?ect [0..1] Classi IEE’igT‘ﬂcsrgﬁﬂcrataslﬂ.[ﬂ N 0.* z
AssignedBreakdownVersion 1 . - 0.* SameAs : Proxy [0.%] RelationType : ClassSelect [1]
Type : ClassSelect [0..1]
0.* VersionOf 1 1
eblocks . ﬁread{)nly}
BreakdownOf Versions |1.*
«blocke AssionedTo «blocks Relatin «blocks
wAuxiiarys 9 Name : DescriptorSelect [0..1] Breakd El ntVersion g Breakd Elem Ver Relati hip
BreakdownOfSelect 1 0.= wblocks - 1 0. .
Alternative Solution id - ientifierSelect [0..1] {self Relating <= self Related}
Role : ClassSele Description : DescriptorSelect [0..1] | Related
ClassifiedAs : Classification [0.. .
SameAs ; Proxy [0..%] 0.1 1 0.* |RelationType : ClassSelect [1]
o View0t |1
{readOnly}
BaseElement |1
;blql_ckn Views |0.* ablocks
wAuxiliary» 4 1 InZone
ComplexProductSelect Breakd “DIDEICK” " Zane ; Locatcdiiem
BreakdownElement reakdowntlementView < 5 |Name : DescriptorSelect [0.1] 0. 1
d : ldentifierSelect [0..1]
Description : DescriptorSelect [0..1]
sblocks Breakdownliem sblocks ClassifiedAs : Classification [0..%]
B ler Realization ‘ whAuxiliarys SameAs : Proxy [0.7]
* Name : DescriptorSelect [0..1] . ablocks
parts B 1 Br fement] Relating )
Name : DescriptorSelect [0..1] 1 0.* = e =
RealizedAs hincks AdditionalContexts - ViewContext [0_] i :
lonallonte: lewlonte: - {self.Relating <= self Related}
0. 1 _ «F\leﬂlf‘l'yn‘. o —————————— DefiningGeometry : GeometricModel [0..1] |Related
=U InitialContext : Wiew Context [1] q 0.

RelationType : ClassSelect [1]

|

«blocks
whuxiliarys
InZoneSelect

«blocks

B lementt

Name : DescriptorSelect [0..1]

RelationType : ExternalOwIClass [1] = treaL‘do‘.'.'nEIement-I'lierarchyEIass'-'

«blocks

breakdownElementHierarchyClass : ExternalOwiClass
Class = "hitp://standards.iso.orgfiso/10303/-4000ftech/refdata/core_v 1#be9b4170-6aa7-44f1-87 b3-8d6 180478fD9"

N ...,. Y = BreakdownElemen ==
BreakdownRelati h tWersion BreakdownElemen
onship T n o tersionRelatio...
| . -\__-—._J—->_ =
ComplexProductS "I
= elect H
BI’EEkdID\I‘ﬂ'I\:I'EFSiD 2 BreakdownVersio ™ -, Il
nRelationship = . |
| ."\
|
BreakdownMember | =
A << I' InZoneSelect
n
| ~ ~ |
-~ |
~a }
2 BreakdownVersio et
nAssignment /S J

‘ = BreakdownElemen

tRealizationSel... C— ~F——
* @ BreakdownElemen . BI’IEEde\M'IHErI'IEI'I * @ BreakdownElemen
{Realization WView tWiewRelationsh...
_ |
= BreakdownElemen
tWithRealizatio...
T

BreakdownElemen
tHigrarchy

100% of STEP Core (AP239 & AP242
(Axioms 16 834 , Classes 1059)

ARROWHEAD
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Example of transformation of standards

INSIDE

Industry Association

New standard under introduction
SysML V2

KerML

// Industrial Pump Station Model

OWL 2 DL

Ontology: <http://example.org/pumpstation>

// Control system Class: ControlBehavior
Class: PumpStation

part PumpStation { part ControlSystem { SubClassOf;

SubClassOf:

part maininlet: Pipe property mode: Enum {AUTO, MANUAL} receivesIinput some Sensorlnput,

hasPart some MaininletPipe,

partinletFork1: Pipe property status: Enum {ON, OFF} sendsCommand some PumpCommand

hasPart some InletForkPipe,

Class: Sensorlnput

part inletFork2: Pipe behavior controlLogic: ControlBehavior

hasPart some Pump,

part pump1: Pump }
hasPart some OutletJoinPipe,

part pump2: Pump // Control behavior

hasPart some MainOutletPipe,

part outletoin1: Pipe

part outletloin2: Pipe

part mainOutlet: Pipe

part controlSystem: ControlSystem

/1 Inlet flow distribution

connect mainlnlet.output to inletFork1.input
connect maininlet.output to inletFork2.input
// Pumps connected to inlet forks
connectinletFork1.output to pump1.input
connectinletFork2.output to pump2.input
// Pumps connected to outlet join pipes
connect pump1.output to outletloin1.input
connect pump2.output to outletJoin2.input

// Outlet join pipes merge into main outlet

connect outletoin1.outputto mainOutlet.input

connect outletoin2.output to mainOutlet.input

}
// Pump definition
part Pump {

port input: FluidPort

port output: FluidPort

behavior ControlBehavior {
input sensorData: Sensorlnput
output commands: PumpCommand
action evaluateStatus {
if (sensorData.pressure > threshold) {
commands.turnOff(pump1)
commands.turnOff(pump2)
telse{
commands.turnOn(pump1)

commands.turnOn(pump2)

}

// Sensor input

part Sensorlnput {
property pressure: Real
property flowRate: Real

}

// Pump command interface

interface PumpCommand {

action turnOn(p: Pump)

Transformation

hasPart some ControlSystem
Class: Pipe
Class: MaininletPipe
SubClassOf: Pipe
Class: InletForkPipe
SubClassOf: Pipe
Class: Outlet)oinPipe
SubClassOf: Pipe
Class: MainOutletPipe
SubClassOf: Pipe
Class: Pump
SubClassOf:
haslnput some FluidPort,
hasOutput some FluidPort,
hasFlowRate exactly 1 xsd:float
Class: FluidPort
SubClassOf:
hasPressure exactly 1 xsd:float,
hasFlow exactly 1 xsd:float

Class: ControlSystem

+ N
mu_rI.Thmg | — —_-m — S -m —i 3’_—4" — MainOutletFips | 4{ InletForkPipe
TR ; = — — OutletloinPipe

| PumpStation

|+ # PumpStationi

ObjectProperty: sendsCommand

ObjectProperty: executesAction

DataProperty: hasFlowRate
Range: xsd:float

DataProperty: hasPressure

@ FluidPort

N
MaininletPipe

e W

—— Mainlnlet
| # PortMainin ]‘ -——=¢

Y | |+ # Outletloind

* & Outletloin2 ‘

. * & InletFark2

* & InletFark1

* & MainOutlet ]

ARROWHEAD
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Implementation eco-system "\EE

Industry Association

Utilizing the Arrowhead framework for flexible implementation

| llllllllll |

) : ‘ ResilientLocalC ‘
- .\ \ loud
Local Cloud e  [esmen | .
SerVICe ReQIStry ' Gatekeeper —— _ B | /::.:;J,/’ .\-'\'__\I .' . | h .

Authorization System o

_’ a eway . ] | /f_x" \ l Authorization J ‘ CertificateAuth ‘ ‘ Orchestrator ‘ \ ?ewlceReglstra
s : . ority
Orchestration System o 4 |
: vice Service

Inter-Cloud
Communication

Arrowhead Software Arrowhead Framework
Architecture Ontology

ARROWHEAD
fPVN



Arrowhead fPVN use case 2.9 ﬂ

INSIDE

Industry Ass

Knowledge Graph Based Life Cycle Digital Twin

Functional
Requirements " Physical )

Twin Maintenance
R

DT ecords
=
| KnowlGr. ]
ai
eques

Dexpi Dexpi
[untulugy I | KHGW|GF-] ( 3 2 ( Digital \r

N

ARROWHEAD
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Proof of concept

INSIDE

Industry Association

A pump station

* Pipe & Instrumentation Diagram

* Transformation P&ID to DEXPI
standard

* Transformation of STEP &
DEXPI to OWL 2

* Cyber Physical Systems
integration for computerized
operation

ARROWHEAD
fPVN



Knowledge graph alignment using W3C ﬂ

technology and standards INSIDE
 ’ m— * FunctonalObjec | IDO
_ Alignment
L* tevrs;qs;?g?n.rnaemen | STEP £ Equipment DEXPI

N

ARROWHEAD
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Instance data of a pump lifecycle

Utilizing DEXPI, STEP & IDO as constraints

Concept

" & Pump SB4F51C8B6
DOEOCDF0463F82D...

Part Individual

*# PumpTag_Realize
dBy_1

I+ # Assignment_11 l

[* & Effectivity 11
|

[" & 2019-06-30 ]

" & Effectivity 1 |

— & Assignment_1 I

* & PUMPTag Theoret
icalRealizedBy ...

Part Definition

[* # JABSCO:21H37914

| " & 2024-02-01

] [’ & 2021-10-01

" & Jabsco:42630-35
12-3C

Part Individual

* &® PumpTag_Realize
dBy 2

[* # Assignment 12 ]

[*0 Effectivity 12 |

|* @ 2024-04-13 ]

[" & JABSCO:24C01213 ]

INSIDE
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The demonstration during operations
Distributed System of Systems

INSIDE

Industry Association

7 T [jfervice Reqistr.'i\jJ T T

Ephemeral g ,
‘ Orchestrator | [?atabase Cerrtlflcate Authotlty \

Orchestrator Algorithm
engine

Revolutioner
Thermome ter T T
Pump station | |

Temperature

sensor
ds18b20

N

Froteus ARROWHEAD
12 | ) fPVN



https://torbjornbholmkonsultab-my.sharepoint.com/personal/torbjornholm_tbhkonsult_com/Documents/fPVN/Review2%20Brussels%202025/Review2A.mp4

Conclusion ﬂ
INSIDE
Seam Iess i nteg ratio n Of data m Ode Is Industry Association

Bridging the Communication Gap Across Technologies and Engineering Phases

Applying alignment between different knowledge graphs — using Alignment of chosen
classes and IDO

Common “technology” to reduce system costs and training etc.

Perfect fit with service-oriented architectures

There Is no need to discard existing systems
Instead, we enable seamless integration by transforming fragmented information
into actionable knowledge supporting reasoning and consistency control !

ARROWHEAD

13 fPVN
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Digital Twinning and Copiloting -

by Pal Varga . o

Budapest University of Technology and Economics ® 5vE O
Department of Telecommunications and Al TVLUT P
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| am interested in
interoperability of cyber-physical
system of systems,

5G / 6G mobile networks, and
Al/ML applications in Industry5.0
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Towards Industry5.0

Industry
1.0

Marked by
mechanization
and powered
by water and
steam

Source: Google images

Industry
2.0

Assembly
lines and
electricity
allow for mass
production

Industry Industry Industry

3.0 4.0 5.0
Computers and Advances in Human-robot
electronics cyber-physical collaboration,
make systems, loT, customizations,
automation and network cognitive
possible communications systems




PHYSICISTS

Assume penguin

ENGINEERS

Oh, Engineers

is a cylinder
PROGRAMMERS

x=x+1

MATHEMATICIANS

l n
¢ |illl (l ! )
n-—+oc \ n

Mm=e=3
YES, 'M AN

ENGINEER



Engineers:
serious

resource Mathematically
What approach . constrains proven
may be appropriate? functions,

hard-wired

Mathematically
proven functions,

no expectation programmed

reliability
on reliability

Machine s critical

Leaming
algorithms

Self-
trained
Deep NN

Generic
LLM no

resource BME

constrains TVILT



AIMS 5.0 AI Toolbox Concept

Process

@® Customize

Train @ &

@ @® Deploy
Sk

Assess @

App Scale

Geofencing for conveyor
belt security MEth -Logy

Predictive maintenance

of railway switches
|

E@ Best practices
Interface
specification

Deployment

Root Cause Analysis of melding
machine malfunctions

Tools Scale

Security { viswal localization
Person identification Person_localization
Emotion detection Asset localization Inp'l.enentat'i.on

Time series prediction |' -1"\—_] Language functions
Sensor prediction [ AT Sentiment analysis
Throughput prediction I J 3uesh.on answering Arrowhead
S documentation

Algorithmic Scale

Classification Clustering

Naive Bayes T K-means

Logistic Regression = EM

Neural Network Spectral clustering
Decision Tree Hierarchical clustering

Regression
Ridge regression
Lasso _regression t-5NE
Non-linear regression UHAP

nsion reduction

Hollési, G., Ficzere, D., Franko, A., Bancsics,
M., AlMahasneh, R., Lukovszki, C., & Varga,
P. (2024, May). AIMS5. 0 Al Toolbox:
Enabling Efficient Knowledge Sharing for
Industrial Al. In NOMS 2024-2024 IEEE
Network Operations and Management
Symposium (pp. 1-6). IEEE.

TMIT s



Design,

Develop,

Deploy with
Digital Twins . -
by Default N



Any industrial CPSoS lifecycle
1S better
when executed with a Digital Twin—first approach.

EP 11 EP-O1 EP-17
Maintenance \4
Reqmrements Procurement & Deployment & Operation & Decommission Evolution
Engmecrmg Commissioning Management
(1) & Recycling (7)
(3) (4) (5)
(6)
EP-l EPU

G. Urgese, P. Azzoni, J. van Deventer, J. Delsing, A. Macii, and E. Macii, “A SOA-based engineering process model for
the life cycle management of system-of-systems in industry 4.0,” Appl. Sci., vol. 12, no. 15, p. 7730, Aug. 2022.

BME

TMIT s
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Digital Twin

-

Digital Twin Digital Twin

ID: A123 ~~/ ID: A123 ~~/ ID: A123 ~~/

@l=— ® == @

Properties Properties Properties

* Telemetry * Telemetry * Telemetry
OPC UA ROS 2/DDS MOTT

Digital Twin

ID: A123 A~/
o ~——r"

Properties
* Telemetry

—

Execute the life-cycle elements on the DT-level first!

Digital Twin

ID: A123 ~~/
O —_— N~

Properties
* Pelometry

f

DevSeCops

’ | cl/co
[ Twin Runtime & Catalog ]B J

Digital Twin realm

Physical realm

%— = '
@‘ \" I:I LN =] @
N\ P = I ] N\ /.
.@ 308 R
] T
Industrial CNC machine PLC cabinet ll Packaging Data Lake/
|
robot ; ? Feature Store BME

TMIT

Sensors AAS



What DT-by-Default changes (vs. traditional)

Closed-loop engineering
Live telemetry > model updates » prescriptive actions - verified outcomes

Shift-left validation
Virtual commissioning & HW-in-the-Loop reduce
floor time, rework, and ramp-up risk

SoS composability
AAS/semantics let you assemble twins of assets, lines, and supply chains

Governed performance
Contracts + SLOs for latency, jitter, loss; evidence for audits (safety, GDPR/AI-Act)

Human-centric
Copilots, explainability, and safe handover for operators (| ngistry 5.0)

BME

TMIT 1



DevOps and MLOPs
extended for
Digital Twins



MLOps — Deploying ML models in Cloud
infrastructures with Hyperautomation Machine Learning

Data
Engineering

DevOps

https://canonical.com/blog/what-is-mlops




CPS OPS: Extending MLOps to Cyber-Physical Systems

Cs. Hegedls, P. Varga —
Tailoring MLOps Techniques for Industry 5.0 Needs
I[EEE CNSM, Niagara Falls, Canada, 2023

13



Intent-based
management of
Cyber-physical

System of Systems o

O

[ )



Main goals and Key components
of Intent-based CPS

: S Intent Specification: Clear
@ High-level ObjeCtIVES: definition of goals & operational needs.
Translates human-defined business Aut ted Orchestration:
and operational goals into technical u.oma € _ re .es ra !on.
configurations. Automatic translation of intents into
configurations.

@ Al-Driven Automation: .
Uses machine learning to optimize A.u.t.omated Executlon.
Capabilities and calling tools.

system performance.

Continuous Adaptation: &° Real-Time Monitoring:
Dynamically adjusts operations Continuous evaluation and adjustments

based on real-time data. to meet defined intents.
ﬂ Multi-agent behavior

TMIT s



$% Why Intent-based CPSoS management matters

| Growing Complexity:
CPSoS “networks” are evolving with cloud, edge,
and asset interoperability.

2R Error Reduction:
Decreases manual configuration errors significantly.

() Business Alignment:
Directly matches infrastructure and asset behavior with
business goals.

() Operational Efficiency:
Accelerates CPSoS changes and reduces response times.

TMIT

16



& Intent-Based Workflow

-~
+ Intent
o Specification
Q@ Intent Specification:
Users define business goals in
simple language.
Automatic Translation: ) :
Continuous Automatic

Al translates intents into detailed Monitoring Translation
commands and configurations.

Real-Time Validation:

“‘DT” or CPS continuously validate
behavior against defined intent.

Q Continuous Monitoring:

Al-driven systems adjust
configurations dynamically for
optimal performance.

e C

v Real- “ Workflow
Time creation and

Validation execution

17



Co-pilot system with APIs

towards tools

Plant Description

Arrowhead Runtime Device Digital Twins

oT-DT
infrastructure

Press machine Q12

reported oil pressure 2
What is the pressure in minutes ago.

Arm Q10

000000

\ Conveyor belt Q11

Press machine Q12

that press machine? 6
\ g /

Arrowhead Copilot
AR 7 with voice chat
Googles

Operations engineer

Shop floor machinery / BME
°

18



Use-cases for Industry5.0
™ Use Case: Smart Manufacturing

& Automated Production: Self-optimizing assembly lines adapting to intent-driven objectives.
™ Downtime Reduction: Proactive maintenance driven by intent-based predictive analytics.
4 Flexible Operations: Seamless integration and modification of manufacturing workflows.

<& Use Case: Autonomous Vehicles

() Dynamic Route Management: Optimal route planning based on real-time data and intent.
° Traffic Safety: Intent-driven safety - adjusting vehicle behavior.
Energy Efficiency: Real-time optimization of energy usage.

(& Security and Reliability in CPS

© Proactive Threat Detection: identification & mitigation based on security intents.
/\ Fault Management: Al-driven systems automatically adjusting to minimize disruptions.

Data Inteqrity: Ensuring data reliability and compliance. BME _
L 4 v ane comp TMIiT



Use Copilot with Digital Twins

Digital Twin

Modeling r—)[
& Simulation

Twin
Runtime

!

Edge/Gateway [

Molelng &
Simulation

|

-

Al Copilot
E Recommendation
@ Explanation

@ Approve
\

I
Human-in-the-loop (HITL)

Physical

20
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THE DUTCH HIGH-TECH EQUIPMENT INDUSTRY o

-
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INSIDE

Industry Association

TNOES!
SYSTEM COMPLEXITY IS INCREASING!

Five technological and market trends drive increasing complexity in high-tech equipment:

1. Additional functionality
. Number of interfaces and lines of code are rapidly increasing
2. Mass customization
. Increased customization of systems at design time to the point where each system is unique
3. Long life-times
. Systems operate for decades and need to continuously evolve after deployment
4. Increasing autonomy
. Systems acting autonomously with little or no human interaction
5. Systems of systems

. Interconnected systems of which nobody is in complete control

4 Leibbrandt, Wouter, et al.. "TNO-ESI-Systems Engineering Methodologies for Managing Complexity in the High-Tech Equipment Industry: Our Roadmap." INSIGHT 25.4 (2022)

Hendriks, T. and Azur, S. “Vision and Outlook for Systems Architecting and Systems Engineering in the High-tech Equipment Industry" TNO Report 2024 R10542, 2024



TNOESI
MANAGING COMPLEXITY st

Managing complexity in high-tech equipment is critical to successful development and deployment

* For a company, failure to manage complexity can lead to errors, delays, and cost overruns

Consequences of increasing complexity are visible in daily industrial practice
* Increasing development and maintenance costs
* Increasingly hard to guarantee functional correctness and balance system qualities

* Increasing scarcity of experienced engineers

ﬂ 5 Hendriks, T. and Azur, S. “Vision and Outlook for Systems Architecting and Systems Engineering in the High-tech Equipment Industry" TNO Report 2024 R10542, 2024
B. Meier, M. Skelin, F. Beenker, and W. Leibbrandt, Eds., “HTSM Systems Engineering Roadmap.” 2020
INSIDE A. van der Werf, et al. “Made in NL: The value of the Dutch high-tech manufacturing industry,” PricewaterhouseCoopers, 2024

Industry Association




METHODOLOGIES NEEDED S

New methodologies and tools are required to increase engineering productivity and address the shortage of
experienced engineers through

 abstraction, to hide unnecessary detail of increasingly complex systems
e automation, to increase engineering productivity

* democratization of engineering, to reduce dependency on experts

TNO-ESI is an organization that orchestrates the innovation chain for engineering methodologies in the Dutch
high-tech eco-system and conducts applied research to improve industrial practice

ﬂ 6 Hendriks, T. and Azur, S. “Vision and Outlook for Systems Architecting and Systems Engineering in the High-tech Equipment Industry" TNO Report 2024 R10542, 2024
|N SIDE B. Meier, M. Skelin, F. Beenker, and W. Leibbrandt, Eds., “HTSM Systems Engineering Roadmap.” 2020

Industry Association
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THE INNOVATION CHAIN o

The path from ground-breaking research to industry impact often happens through an innovation chain

* Universities: Education and basic technology research

« Applied Research Organizations: Maturation and integration Fundamental Research
of research results and application/validation in industry context and Education,

e.g. universities

It is important to understand your role in the innovation chain, Applied Research,
and the roles of the other actors to work together effectively! e.g. TNO

* Industry: Industrialization of technology

Industrialization,
e.g. OEMs




TNO-ESI AT A GLANCE

SYNOPSIS

Foundation ESI started in 2002

* ESl acquired by TNO per
January 2013

*  ~60 staff members many with
extensive industrial experience

* 8 Part-time professors

FOCUS

Managing complexity of
high-tech systems

through

* model-based engineering
e formal methods and

* artificial intelligence

delivering

* methodologies validated in
cutting-edge industrial
practice

PARTNER BOARD

i~ Ccanon
A)ML CANON PRODUCTION PRINTING
% Radboud T ES
sets Universit AL
pH I ll pS Q%«,Nex"g Nijll‘l',)igselny Building  future we can all trust

5
TNO TUDelft TU/e:xs

] UNIVERSITY UNIVERSITY
s OF AMSTERDAM  OF TWENTE. VANDERLANDE

L
Capgemini@ engineering TICcT GROUP




TNOESI
MODEL-BASED ENGINEERING g

System complexity can be tackled through model-based engineering methodologies

Models expressed in some formalism/language are important artifacts during the life cycle of the system

* Provide abstraction from unnecessary details and serves as basis for automation

[E twilight:setting &2
1 Gmmamd "+iiTEmbd machina” [N

£, Symbrlic mocitinne facl nadBabat VY 52 | = =

Models can be used as a single source of truth for:

* Specification = el
¢ Communication within and between disciplines

* Analysis of (non-)functional behavior

* Synthesis of design artifacts, |
e.g. documentation, code, and tests

Henry Greenly's

WORKING MODEL
TRACTION ENGINE -1

SCALE _ {inch 10 { fout
GENERAL ARRAMGEMENT
S8 DreemivArchive TiE

AL % 1Y o Bt G

ﬂ 9 Oortwijn, W., et al. “Vision and Outlook for System Evolution and Diversity” TNO Report 2024 R10716, 2025

INSIDE
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ARTIFICIAL INTELLIGENCE o

Large Language Models (LLMs) have potential for increasing engineering productivity through digital assistants
* Quite mature technology for knowledge consolidation, democratizing engineering in large organizations

* Useful for semi-automatic generation of documents and code

Technology has potential to facilitate transition from document-based to model-based engineering through
(semi-)automatically generation of other artifacts, considering organizational context, e.g.

* Structural or behavioral MBSE models to reduce modelling effort (scales to complex systems?)

* Models for formal methods, democratizing their use (sufficient available examples?)

INSIDE

Industry Association
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RENAISSANCE:
REDUCING EFFORT FOR MAINTAINING AND
MODERNIZING LEGACY SOFTWARE




TNOES!
COSTLY DEBT OR VALUABLE HERITAGE?

The high-tech equipment industry develops long-living software-intensive systems
* The software inside these systems inevitably suffers from accumulated technical debt
* Large code bases using obsolete libraries, frameworks, or design patterns

* Hampers development of innovative new features for customers

Technical debt is extremely costly
* Software technical debt is estimated to cost 1.52 trillion dollars in the US [1]
* Maintenance is estimated at 75% to 90% of software development life cycle cost [2, 3]

* Legacy software is, at the same time, an inevitable burden and a valuable heritage

There is a broad need for efficient and scalable solutions to maintain and modernize legacy software

* Opportunities for automation using a model-based approach based on static analysis [4]

ﬂ 12 [1] Krasner, Herb. "The cost of poor software quality in the US: A 2022 report." Proc. Consortium Inf. Softw. Quality (CISQ). (2022)
[2] https://galorath.com/blog/software-maintenance-costs/
|NS|DE [3] https://web.archive.org/web/20120313070806/http:/users.jyu.fi/~koskinen/smcosts.htm

Industry Association

[4] Dams, Dennis, et al. "Model-based software restructuring: Lessons from cleaning up COM interfaces in industrial legacy code." Proc. SANER, 2018
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RENAISSANCE: CODE ANALYSIS AND RESTRUCTURING

. .
2 @ncosj |-. ©
- \\ . /\”\ \
e 8. = = - P
o Extract |e< Analyse -: \cl.
o ainle Vo
- of T - of
ARCH VIEWS
l I position positionTypeLib
PositionTypeLib
I I N| IPosition
/I I\ ﬂ ;
CoPosition
, \ | position.vexproj ‘ "J‘ positionTypeLib.vexproj |
transformation { * ‘ —
action. F1nd(BEFORE) Transform _—
.replace(AFTER) e — DASHBOARD :
} void FooTest::TestMethod(){ Track progress Measure hotspots Track arch Violations
CPPASSERT(avariable); Projects in .sln
} 300
200 00—
AFTER 100 Imaging |9 Workflow
TEST_F(FooTest,TestMethod){ o X
13 EXPECT_TRUE(avariable); 2002 2023 20242
INSIDE }




INDUSTRIAL IMPACT sz

Renaissance was developed and validated with Thermo Fisher Scientific — Electron Microscopy

several industry partners to assure fitness for « Reported that they “managed to significantly

industrial practice reduce the time it takes us to build a new version
of the software”

A training program has been developed and followed o _
by 50 engineers from industry Philips Healthcare — Image Guided Therapy Systems

* Reported that Renaissance empowers them to
“apply large scale analysis & refactoring that would

Two implementation partners are applying weherwise be impossible”™

Renaissance in their commercial offerings
ITEC/Nexperia

* Reported that they already saved 300k$ and
estimated to save another 900k$ using the
approach while the investment was below 100kS.

INSIDE
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CONCLUSIONS




CONCLUSIONS =

High-tech industry challenged to increase engineering productivity due to growing system complexity

New methodologies and tools required to increase engineering productivity and address scarcity of engineers
* Combining model-based engineering, formal methods, and artificial intelligence

* Technologies provide abstraction, automation, and democratization of engineering

An example methodology and tools from our ecosystem was demonstrated and its impact discussed

* Rensaissance: Reducing efforts for maintaining and modernizing legacy software

INSIDE

Industry Association
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CALL TO ACTION

We want to continue talking to you about our open innovation eco-system, methodologies
and tools, and competence development!

We are also happy to collaborate on research in areas including:

* Systems Architecting

System Performance

Intelligent Diagnostics

Software Rejuvenation

Verification of Systems and Software

Al for systems engineering

Please join us at the ESI Symposium on October 7 in Eindhoven

aaaaaaaaaaa
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Benny Akesson completed his doctoral studies at the Eindhoven University of Technology in the Netherlands in
2010. He is presently a Senior Research Fellow at TNO-ESI, leading applied research projects in collaboration
between the public sector and industry. As the TNO-ESI Science Lead he also sets the scientific direction and
orchestrates early knowledge development, including academic collaborations. Since 2019, he has been a
Professor at the University of Amsterdam, where he holds the Chair of Design Methodologies for Cyber-
physical Systems. His research interests include model-based engineering, real-time systems, and system
performance engineering. Prof. Akesson has published over 80 peer-reviewed articles in conferences and
journals and has been recognized with three Best/Outstanding Paper Awards and a CODES+ISSS Test-of-Time
Award. A Senior Member of the IEEE, Prof. Akesson has contributed to approximately 40 program committees,

also in chairing roles.




/e

Powered by industry
A B S T RACT aaaaaaaaaaa

Engineering the Future: Addressing System Complexity in High-Tech Equipment

The Netherlands has a vibrant high-tech equipment industry in application domains including semiconductors,
medical systems, and defense. Many companies in this industry are world-leading in their respective market
segments and contribute significantly to the economy. However, this industry is challenged by a number of
market and technology trends that result in increasing system complexity, driving up development and
maintenance costs. To enable future systems to be developed cost-efficiently, new engineering methodologies
are required to address the increasing complexity.

This presentation explores the trends contributing to the rising system complexity and present promising
research directions to tackle this challenge. Addressing this will require a concerted effort from academia,
applied research organizations, and industry, working together in an innovation chain.

INSIDE
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There is only one deﬁnltlon of Free Software (since 1984)!
UV A7 N

(iitk

To run the 4 10 study how the | To redistribute dRy o distribute
program, for any M program works, ; | copies | copies of your
purpose j and change it to & modified
§ make it do what : versions to
you wish P others

COPYRIGHT (C) 2024 ECLIPSE FOUNDATION | THIS WORK IS LICENSED UNDER A CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE (CC BY 4.0)



The License Spectrum X X

Open Source Permissiveness

e 5 S mr s
T

(EcLIPSE || # APACHE | (@B

Free Software
Freeas[nFreedom FOUNDATI ON OOOOOOOOOOOOOOOOOO

AFPL BSD

Free as in Freedom
Free Software
Free as in Freedom

Open Source Licenses

COPYRIGHT (C) 2024, ECLIPSE FOUNDATION | THIS WORK IS LICENSED UNDER A CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE (CC BY 4.0)



It's all about the community 000

Open source is about a lot more than the source code.

The community around the project s the key:
e Answer questions, discuss use cases, provide support.
e Self-organise to plan roadmap, development, fixes, meetings..
e Bring diversity and provide innovative solutions.
e Disseminate & communicate about the project.

Ultimately, it's the community who makes a project a success.

COPYRIGHT (C) 2024, ECLIPSE FOUNDATION | THIS WORK IS LICENSED UNDER A CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE (CC BY 4.0)



% o,+— . 2
) ey . .
' l PR R N N Y
-
e ok : - v > “\
g » N -~

2 o ; & ey e 2 & a0 B 0 ? - R p . M
COPYRIGI:T (C) 2023, EC1_|PSE FOUNDATION. | THIS WORK IS LICENSED UNBER A CREATIVE COMMONS'ATTRlBUTlONAU INTERNATIONAL L|QNSE%CC BY 4.0)
E A : 1 y . : | . . g .



)

/)] /] ]

7////,
V"rﬁ‘l*

COPYRIGHT (C) 2024, ECLIPSE FOUNDATION | THIS WORK IS LICENSED UNDER A CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE (CC BY 4.0) @CLI PS Em
FOUNDATION




- ' o0
L Eclipse"qundation: A Guardian of the commons
e,

MONS ATT (ECLIPSE
COPYRIGHT (C) 2024, ECLIPSE FQUNDATF&N OOOOOOOOOO
" . O . \



Complementary professional services

IP Management Marketing
Specification Community
Development Management

OSS Development

IT Infrastructure :
Guidance

External
Contracting

Research projects
dissemination
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Strategic Focus Areas 000

Cloud Native Java loT & Edge Automotive Tools
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Some Eclipse members 000
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% companies consuming % firms contributing to Open source makes up 80-90% of
open source in products or upstream open source applications
services projects

Sources: TODO Group, Forrester
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Open Source

Commoditization strategy

how Innovation happens
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Playing the Platform Game
... and Win

Big fish eat small fishes
I~ S

... but small fishes
can build swarms

l 5 Bosch Software Innovations GmbH | INST/CSS/BSV-0S | 27.04.2017 @ BOSCH

https://www.slideshare.net/appstacle/open-source-as-a-business-opportunity

Stefan Ferber

“No company can realize the IoT on its
own.

Within the Eclipse Community,

through the contribution of many loT
developers, tools and standards are
created on an open platform that many
companies can benefit from for their
loT applications.”

(ECLIPSE
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Open Source is Innovation at an Industrial Scale

. A \ Product-Ready
& Use Cases . .

@ o e
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to date %io‘t
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From research to well-established products o o o

Industry 4.0 Operating System Customizable Graphlcal Modellng MBSE for System Architecture

Supply Chain Modeling Languages Languages Engineering
for SW Defined Vehicles
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journey



It’s all about the
community.

(Be a Good

e Open Source Citizen)
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Vint Cerf
Co-inventor of
the Internet and TCP/IP
(December 1974)

Tim Berners-Lee
Inventor of
the WWW
(March 1989)

[ I did not
I didn's invens Invent the Wep,

the Internes

8 >

Free Technologies are Game Changers
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Open Discussion
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Closing Remarks

= Engineering productivity can be improved with many different ways
o Model-Based methodology = Higher abstraction level to tackle the complexity
o Standardization of models and semantics to enable seamless model exchange and integration
o Digital twinning = Enables shift-left system-level verification and closed-loop engineering
o Al assisted design - Assistance, semi-automatic code and document generation, optimization
o Ecosystem and open source < Finding balance between free and commercial

= A holistic approach provides the best results
o Adopting a new design culture is necessary

= Europe is far behind other regions in productivity and facing resource problems
o Need to develop new collaboration structures: B2B consortiums, company networks, etc.
o Membership-based access to open source to keep our investment in Europe
o Europe must develop a strong tools industry with a solid academic and community backbone
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Ingredients of Successful Innovation

Subcontractor State of the Art Market

Subcontractor Design Analysis
Tier 2 Methodology [ . | Institutes

------------------------------------------
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