The future of trans-Atlantic
collaboration in modelling and
simulation of Cyber-Physical Systems

A Strategic Research Agenda for Collaboration

Steinbeis-Edition



Sabine Hafner-Zimmermann, Michael J. de C. Henshaw
The future of trans-Atlantic collaboration in modelling
and simulation of Cyber-Physical Systems

Steinbeis-Edition



Sources

p- 11 | ©fotomek/Fotolia.com

p- 12| ©Parris Cope/Fotolia.com

p- 14| ©TAMS4CPS consortium

p- 20 | ©H. Stéber/Steinbeis-Europa-Zentrum

p- 29 | ©RioPatucalmages/Fotolia.com | ©Antrey/Fotolia.com | ©folienfeuer/Fotolia.com | ©jamesteohart/Fotolia.com
(from left to right)

p- 33 | ©zhudifeng/Fotolia.com

p- 35 | ©zapp2photo/Fotolia.com

p- 38 | ©Sashkin/Fotolia.com

p- 40 | ©beebright/Fotolia.com

p- 41 | ©putilov_denis/Fotolia.com

p- 45 | ©vallepu/Fotolia.com

p- 48 | ©ra2studio/Fotolia.com

p- 50 | © European Union, 2016 (EC — Audiovisual Service/Photo: Jennifer Jacquemar)

p- 55 | ©TAMS4CPS consortium

p- 58 | ©European Union, 2016 (EC - Audiovisual Service / Photo: Jennifer Jacquemart)

Authors:

Sabine Hafner-Zimmermann (Steinbeis-Europa-Zentrum, Germany)

Michael J. de C. Henshaw (Loughborough University, UK)

Contributors:

Peter Brook, Sofia Ahlberg-Pilfold, Luminita Ciocoiu, Lipika Deka, Murray Sinclair,
and Carys Siemieniuch (Loughborough University, UK)

John Fitzgerald, Zoe Andrews and Paolo Zuliani (Newcastle University, UK)

Meike Reimann (Steinbeis-Europa-Zentrum, Germany)

TAMS4CPS acknowledges the support from the five US universities involved in
the project: Professor Alexander H. Levis (George Mason University); Professor
Dimitris Mavris and Dr. Kelly Griendling (Georgia Institute of Technology); Prof.
Daniel DeLaurentis and Dr. Inseok Hwang (Purdue University); Professor Gregg
Versonder (Stevens Institute of Technology); and Professor Mo M. Jamshidi (Uni-
versity of Texas, San Antonio).

The TAMS4CPS project is co-funded by the European Community’s Horizon
2020 Programme under grant agreement no 644821. This publication is the Final
Strategic Research Agenda for Collaboration developed within the project.



1 STEINBEIS- .
* EUROPA- |STEINBEIS
L ZENTRUM 21

Sabine Hafner-Zimmermann, Michael J. de C. Henshaw

The future of trans-Atlantic
collaboration in modelling and
simulation of Cyber-Physical Systems

A Strategic Research Agenda for Collaboration




Imprint
© 2017 Steinbeis-Edition

All rights reserved. No part of this book may be reprinted, reproduced, or utilised in any form by any elec-
tronic, mechanical, or other means now known or hereafter invented, including photocopying, microfil-
ming, and recording or in any information storage or retrieval system without written permission from the

publisher.

Sabine Hafner-Zimmermann, Michael J. de C. Henshaw
The future of trans-Atlantic collaboration in modelling and simulation of Cyber-Physical Systems
A Strategic Research Agenda for Collaboration

1+ edition, 2017 | Steinbeis-Edition, Stuttgart
ISBN 978-3-95663-121-4

Layout: Steinbeis-Edition
Cover picture: ©jamesteohart/Fotolia.com
This book is also available as printed version. ISBN 978-3-95663-112-2

Steinbeis is an international service provider in entreprencurial knowledge and technology transfer. The
Steinbeis Transfer Network is made up of about 1,000 enterprises. Specialized in chosen areas, Steinbeis
Enterprises” portfolio of services covers research and development; consulting and expert reports as well as
training and employee development for every sector of technology and management. Steinbeis Enterprises
are frequently based at research institutions, especially universities, which are constituting the Network’s
primary sources of expertise. The Steinbeis Network comprises around 6,000 experts committed to practical
transfer between academia and industry. Founded in 1971, the Steinbeis-Stiftung is the umbrella organizati-
on of the Steinbeis Transfer Network. It is headquartered in Stuttgart, Germany. Steinbeis-Edition publishes
selected works mirroring the scope of the Steinbeis Network expertise.

193129-2017-02 | www.steinbeis-edition.de



Table of Content

1 EXecutive SUMMATY....cciviiieiiniiieniniineninnineiennneeisniieeisnstesssseesssssesesnes 8
2 INErOdUCHION civeeeeeeeeeeieeeeeeeieeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeessesssessssssssssans 14
3 Recommendations for Future Action in Trans-Atlantic
M&S Research Collaboration .........ccccceeveerrccrveeeeeeeeeeeeeeeeesesssessssessssees 17
4 Policy Context of EU-US Collaboration .........cooueveesuesensresscceisuessessens 22
5 Modelling and Simulation — an Introduction .......cceeveeveesvenensiesuessenanes 26
5.1 Model Classification 26
5.2 Simulation .... ettt aen 29
5.3 Problem Scale ettt sttt b st seas 30
6 Collaborative Agenda in Modelling and Simulation for CPS................ 32
6.1 The M&S for CPS collaborative research agenda.....cccccceccvvveuuccnncccrvcrvennnas 33
6.2 Dream Projects . ettt sttt aesaas 43
6.3 Illustrative Scenario ettt asrssaeas 48
7 EU-US Research Collaboration to-date -
Funding Themes relevant to CPS......cueieiiiiiiienenienicniiinnenesessesnssnsaene 51
8 Enhancing Trans-Atlantic Collaboration ........ccccvevenieesiesensiiivensennenne 56
8.1 Incentives for and Barriers to EU-US Collaboration .........ccveeeveeveuennee 56
8.2 Mechanisms for Enhancing Collaboration .58
D CONCIUSIONS «evvvreereeerrenrreeeeeeeersrsrsreeeeeessssssssseeessesssssssasessssssssnsssssssesssne 65
10 REfEIENCES wuverrrrereeeereeereeeeeeeeeeeeseessseessessmsesssssssssssssssssssssssssssssssssssssssssses 68



11 ADNEXES teeennerrnerencerencrrencrsecesnscsssscsssessnsessssessssesssssssscssssssnsessssessssesnssssns
11.1 Annexe 1: Test beds for CPS ... ssssssens

11.2 Annexe 2: Good practices on trans-Atlantic collaboration...........ceneecee.

11.3 Annexe 3: Interview partners........ RN

11.4 Annexe 4: Participants List TAMS4CPS Validation Workshop,
16/11/2016....

Figures index

Figure 1: A general classification of models

Figure 2: Framework for M&S classification according to CPS type:
Individual, Group Collaborative, Federated, and Enterprise.......ccuuune...

Table index

Table 1: Distinguishing Characteristics of Models .........

Table 2: Distinguishing Characteristics of Simulations.

28

31

29
30



8

1 Executive Summary

The need for EU-US collaboration in modelling and simulation
for CPS - Scope of TAMS4CPS

Smart systems, in which sophisticated software / hardware is embedded in phys-
ical systems, are part of everyday life. From simple products with embedded de-
cision-making software, to massive systems in which hundreds of systems, each
with hundreds or thousands of embedded processors, interoperate the use of Cy-
ber-Physical Systems (CPS) will continue to expand.

Through highly developed analysis of sensor data, CPS respond appropriately to
changes in their environment to undertake complex activities of benefit to society.
CPS may operate as individual systems, but are more usually networked as Systems
of Systems (SoS) displaying complex behaviours that cannot be adequately predicted
with current modelling capabilities. When CPS are networked by the internet, the
resulting complex system is sometimes referred to as an Internet-of-Things (IoT),
which is considered to be the basis for a new industrial revolution through which so-
cietal, commercial, and technological benefits are expected to accrue across diverse

sectors (healthcare, transport, manufacturing, defence and security, energy, etc.).

There has been substantial investment in CPS rescarch in Europe and the Unit-
ed States (US). Through a series of workshops and other events, the TAMS4CPS
Support Action has established that there is mutual benefit in the European Union
(EU) and US collaborating on CPS rescarch. An agenda for collaborative research
into modelling and simulation (M&S) for CPS is set forth. The agenda includes
models for many different purposes, including fundamental concepts, design mod-
els (e. g. architectures), predictive techniques, real-time control, human-CPS inter-

action, and CPS governance.



