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Mathematics for industry  
is gaining momentum 

• The “I” in ECMI, ICIAM  and SIAM 
• Also the “I” in the COST network MI-NET (https://mi-

network.org/)  
– European Studygroups of mathematics with industry 

organized in many countries 

• Still misunderstandings about industrial and applied 
mathematics: “applied mathematics is just about 
applying existing mathematics” 

• Absolutely not correct: 

Industrial 
applications 

New 
mathematics 

Industrial 
applications 
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“New mathematics inspired by 
industrial challenges” 

• The chapters contained in this book clearly show that 
industrial challenges do lead to the development of 
new mathematical methods, or even completely new 
fields of mathematics, needed to address these 
challenges.  

• Some of the topics:  
– Methods for solving indefinite linear systems 
– Topological data analysis 
– Model order reduction 
– Random preconditioners 
– LQR/LQG controllers 
– Differential-algebraic equations 

• Expected summer 2018 



EMS and ECMI created EU-MATHS-IN 
end of 2013 

Umbrella for all 
industrial 

mathematics 
activities in Europe 



EU-MATHS-IN: a unique network 
• EU-MATHS-IN is a network of national networks that represent the entire community 

in their respective countries with respect to mathematics for industry – started 
November 2013 

• 17 national networks currently on board (December 2017): 
– IMNA (Austria) 
– BE-MATHS-IN (Belgium) 
– CNMI (Czech Republic) 
– FI-MATHS-IN (Finland) 
– AMIES (France) 
– KoMSO (Germany) 
– HSNMII (Hungary) 
– MACSI (Ireland) 
– Sportello (Italy) 
– NNMII (Norway) 
– PL-MATHS-IN (Poland) 
– PT-MATHS-IN (Portugal) 
– RO-MATHS-IN (Romania) 
– math-in (Spain) 
– EU-MATHS-IN.se (Sweden) 
– PWN (The Netherlands) 
– UK KTN (UK) 

• BGSIAM (Bulgaria) negotiating 
 

Mission: EU-MATHS-IN aims to leverage the impact of 

mathematics on innovations in key technologies by 

enhanced communication and information exchange 

between and among the involved stakeholders on a 

European level.  
 

Contact us at 
 www.eu-maths-in.eu  
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• PITAC Report 2005 Computational Science : Ensuring 
America's Competitiveness  
• NSF report : "Revolutionizing Engineering Science 
through Simulation", 2006.  
• OECD - Global Science Forum : Report on "Mathematics 
in Industry", 2008, 2009 
• SIAM reports on Mathematics for Industry 

Several studies on ‘Mathematics in Industry’ 
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Many experiences to be exchanged 

Books with success stories “Mathematics is like oxygen. If it 
is there, you do not notice it. If it 
would not be there, you will 
immediately notice.” 
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Many experiences to be exchanged  

• AMIES has set up a very successful job portal for 
maths jobs in industry (now in EU-MATHS-IN) 

 

 

 

• KoMSO has performed a very extensive national 
strategy discussion for Mathematics - Industry 

• KoMSO organises “Challenge workshops” 



Reports on economic benefits 
Measuring the Economic 
Benefits of Mathematical 
Sciences Research in the UK 

• Mathematical sciences 
research responsible for 25-30 
percent of GVA (direct, 
indirect, induced) 

• Labour market will go through 
transition in next 30 years: 
service jobs taken over by 
computers, sound basis in 
mathematics will be a 
requirement for the new types 
of job  
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Mathematics as a  
Key Enabling Technology  

• Key Enabling Technologies (KETs) are the main driving force 
behind the development of future goods and services 

• Despite the undisputed role of mathematics, there is serious 
concern about its support in EU programs  

• Mathematics has not been officially considered a KET in the 
official documents of the EU program HORIZON 2020 
– The situation is frequently evaluated by policy makers as no problem.  

– It is argued that mathematics is supposedly present in many projects, 
and the projects are to be focused as a rule not on the development of 
particular disciplines 

(Recommendation 1 of ESF Forward Look project)  



Mathematics as a  
Key Enabling Technology  

• Key Enabling Technologies (KETs) are the main driving force 
behind the development of future goods and services 

• Despite the undisputed role of mathematics, there is serious 
concern about its support in EU programs  

• Mathematics has not been officially considered a KET in the 
official documents of the EU program HORIZON 2020 
– The situation is frequently evaluated by policy makers as no problem.  

– It is argued that mathematics is supposedly present in many projects, 
and the projects are to be focused as a rule not on the development of 
particular disciplines 

We strongly believe that mathematics does satisfy the criteria 
of Key Enabling Technology, and therefore EU-MATHS-IN is 
undertaking steps to achieve this status for mathematics. 



Only a combined effort via 
EU-MATHS-IN has the 

potential to be successful 



Consultations  
Excellence in Science 

2016 



The report, shortly: 



Next steps 

 

 

 

 

 

 

Objectives:  

• Proposers and mathematicians to find each other  

• Mathematical partners into relevant consortia! 
 

https://ec.europa.eu/digital-single-market/en/ict-proposers-day-2016 

Session on mathematics 
27 September 14:00-14:45 

 
 
Focus: 
all DG CONNECT H2020  
Work programmes 2017 



A new 3-letter acronym: MSO 

MSO = Mathematical Modelling, Simulation, and 
Optimization: it entails 

 

1. a mathematical model (a set of equations) that 
captures the conceptualization; 

2. a simulation that implement this model and 
captures the visualization (making invisible things 
visible); 

3. an optimization that enhances the design process 
(making the design realistic and optimal). 

 MSO contains the entire  
mathematical machinery! 



Importance of MSO 
• MSO is an extremely important ingredient in our 

innovation-driven society 

• It requires cooperation between many different 
disciplines in order to produce accurate models, 
efficient simulation algorithms and reliable 
optimization techniques 

• MSO requires the involvement of mathematicians at 
all levels – they will have a decisive contribution  
introduction of novel methods and concepts (e.g. UQ) 

• Timo Hallantie (FET director): “Mathematics is often 
the missing component in projects.” 

 
MSO is a key enabling technology 



MSO/Mathematics for innovation  

• Our approach to modelling, simulation 
and optimization (MSO) is to work with 
the client to understand the system fully… 

• …then abstract it to a form which is 
amenable to mathematical treatment… 

• …and build a modelling framework or 
simulation of the system to allow levels of 
increasing complexity, optimization of 
designs, what-if scenarios, and trade-offs 
to be explored. 

Mathematicians will be part 
of the team – addressing the 

challenge together 



Disk Brake squeal  
(Volker Mehrmann) 

• Thirty years of trial and error by engineers, recent progress 
based on mathematical modeling and simulation (Matheon) 

• Car makers standing in line to obtain new nonlinear models 

 



ASML wafer stepper 

The challenge is to combine thermal, mechanical, 
electromagnetic effects so as to arrive at the 

desired highly accurate paramaterized models 
supporting the complex control systems 



XL Telescope 
• The European Extremely Large 

Telescope (E-ELT), planned by the 
European Southern Observatory 
(ESO), will be the biggest 
telescope on earth (first light: 
2022) 

• Image quality of the E-ELT relies 
on Adaptive Optics (AO)  
techniques 

 
• AO systems have to compute the optimal shape  of deformable mirrors up to 

3000 times per second (whole night!) 
• For the planned eXtreme Adaptive Optics system of the E-ELT it has been 

estimated that the computing power available at the telescope in 2022 is not 
sufficient to compute the deformable mirror shapes within 0.3ms using 
available mathematical algorithms 

• Since 2009 in Austria: development of new mathematical algorithms    
• 2014: new reconstruction algorithms that compute the optimal mirror shapes 

in the available timeframe on todays hardware! Speedup-factor: 800-1000! 



Progress in Mathematical Algorithms 

04.01.2018 29 A. Martin      Innovative ICT and mathematical solutions for future logistics operations  
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speedup: 1.25 mill. 

Speedup 

Progress in machine speedup 1991 - today:   1,600 

That is, problems that are solved in 1 second today could not be solved 

25 years ago within 75 years 

© Bob Bixby 

Algorithms 

outperform 

machines! 



THE FUTURE 





What are European Technology 
Platforms? 

• European Technology Platforms (ETPs) are 
industry-led stakeholder fora recognized by the 
European Commission as key actors in driving 
innovation, knowledge transfer and European 
competitiveness. 

• ETPs develop research and innovation agendas 
and roadmaps for action at EU and national level 
to be supported by both private and public 
funding. They mobilize stakeholders to deliver on 
agreed priorities and share information across 
the EU. 



What do ETPs do? 
• developing industry-focused strategic research and innovation 

agendas including technology roadmaps and implementation plans; 

• encouraging industry participation in Horizon 2020, the EU’s 
framework programme for research and innovation, and 
cooperating with networks in Member States; 

• fostering networking opportunities with other ETPs and other 
partners along the value chain to address cross-sectoral challenges 
and promote the move towards more open models of innovation; 

• identifying opportunities for international cooperation; 

• acting as one of the channels of external advice for the 
programming and implementation of Horizon 2020; notably, ETPs 
have been a key driving force behind the launch of high profile 
public-private partnerships under the programme. 



Currently 41 ETPs 

• 38 contained in 6 main areas: 
– Bio-based economy (7) 

– Energy (8) 

– Environment (1) 

– ICT (9) amongst which ETP4HPC 

– Production and processes (8) 

– Transport (5) 

• 3 cross cutting ETPs 
– Nanofutures, Industrial Safety, ConXEPT 



Towards ETP4MSO 
• Two workshops in Amsterdam (July, October) with 

industrial partners to define the scope of ETP4MSO and 
gather support (industry must be in the driving seat) 

• Core team of industry people formed, meeting every week 
– Siemens, Shell, Dassault, Michelin, EY, Repsol, Nors 

• Visits to Brussels to discuss the formation of an ETP4MSO 
(January 2018, DG Connect) 

• Combined research/innovation workshop in Lorentz 
Centre, Leiden from December 11-15: “Future and 
Emerging Mathematical Technologies in Europe” 

• Vision document and Strategic Research Agenda early 
2018 

• We will be fully prepared for FP9 (follow-up of H2020) 
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Mathematics for Industry and Innovation 

 
  

European Technology Platform 

Virtual Twins 
Modelling, Simulation, and Optimisation from 

a Data poor to an integrated data rich 
Environments (MSODE) 

DRAFT 

Unrestricted 



Today's challenges 

• Complexity of products and systems is increasing and at 
the same time innovation cycles get shorter and shorter.  

• This requires new engineering and operations 
paradigms, methods, and tools going beyond purely MSO 
or artificial intelligence approaches. 

• There is a clear need to strengthen European competitive 
advantage in computational methods keeping its head 
start 

– Europe has a strong history in simulation-based sciences 

DRAFT 



Our Vision: Virtual Twins 

• The whole life cycle of a product or (industrial) 
process, starting 
from its conception, 
will be managed 
through twinning 
with a virtual 
representation. 

• These provide assistance for users based on MSO 
technology guiding through the world of exploding 
complexity.  

DRAFT 



Excursion: Digital Twins 
DRAFT 
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Goal of the initiative 

• Today’s algorithmic research is split-up according to 
the different life cycle phases of a product or system. To 
master future challenges, a seamless unified and 
systematic approach is required.  

• Europe has a strong history in engineering and a world-
wide recognized track record in the simulation-based 
sciences. Therefore Europe is the right hub to foster the 
next generation of MSO tools, concepts and paradigms 

• With this initiative we want to ensure that a strategic 
research agenda is being set up to foster Europe’s 
competitive edge and go beyond today‘s approaches. 

DRAFT 



Conclusion 
• MSO (mathematical modelling, simulation and 

optimization) is a key enabling technology for 
innovations and challenges in industry and 
society, and must be recognized as such 

• Close cooperation with HPC, exascale and Big 
Data communities (e.g. ETP4HPC, EXDCI) is vital 

• Establishing a European Technology Platform for 
MSO is key in driving mathematics in Brussels  

 
INDUSTRY SUPPORT IS VITAL 

IN THIS ENTERPRISE 


