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ECMI Mission
Mathematics, as the universal language of the sciences,
plays a decisive role in technology, economics and the life
sciences. European industry is increasingly dependent on
mathematical expertise in both research and development
to maintain its position as a world leader for high
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technology and to comply with the EU 2020 agenda for
smart, sustainable and inclusive growth. ECMI initiatives in

o

response to these needs may be summarized as follows:
ECMI advocates the use of mathematical modelling,

o

simulation, and optimization in industry
ECMI stimulates the education of young scientists and
engineers to meet the growing demands of industry
o

i

i

ECMI promotes European collaboration, interaction
and exchange within academia and industry
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Editorial
Dear Colleagues!

As this report, which covers the events in 2019, is being nalised deep in 2020, we are in an
unusual situation. The year of 2019 may be remembered as the last year before COVID-19
reached Europe and the rest of the world and changed our lives completely. It is tricky to write
this editorial about the last ’normal’ year without thinking of how much work and life has
changed, and what the impact of this crisss will be also on how ECMI operates. ECMI
representatives are used to engaging with European activities, including the perpetual
travelling to council, R&I, educational committee, and board meetings – not to forget the ECMI
conference that takes place every other year. This year, it was scheduled to be held in Limerick,
but had to be cancelled and moved to next year. As other institutions and the scienti c
conversation have moved online, into the virtual space, the way we work and interact has
profoundly changed, and this will also be true for ECMI. With the new situation come new
opportunities and challenges. Virtual teaching and exchange is becoming the new normal and
creating new opportunities also for industrial applied mathematics. Virtual Study Groups have
already been pioneered in the UK.
Looking back to last year, this report provides a snapshot of some of the activities. The 2019
report has a stronger focus on the educational committee activities, quite ttingly
acknowledging these as important and longest-running activities within ECMI, with the
exception perhaps of the ECMI conference.
Finally, an announcement on the behalf of the editors’: This year marks the transition of the
editorship, with the 2019 issue being a joint effort of the old and new Editor. The next issue,
will be managed by Elena Celledoni, who undoubtedly will freshen up the format and content
of the reports. There will be lots of interesting content, as the next issue will cover the year of
the COVID crisis.
Andreas Münch, Mathematical Institute, University of Oxford
Elena Celledoni, Department of Mathematical Sciences, NTNU
July 2020
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Welcome
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President
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Dear colleagues,
The European Consortium for Mathematics in Industry (ECMI) enjoyed another successful year
in 2019. Key to that success was the collaboration across our members and with other
scienti c organisations.
In April, the COST Action TD1409, Mathematics for Industry Network, initiated and supported
by ECMI, reached its end. I am proud to say that it was a huge success: 12 training weeks; 21
industry workshops; 24 industry days; 46 countries involved; 51 research visits; 100 companies
and more than 2000 participants. The dissemination conference took place in Bath (UK) during
the British Applied Mathematics Colloquium 2019, where our Executive Director, Poul G.
Hjorth, presented a plenary talk. The COST Action webpage, as well as our blog, provides the
access to all the reports and handbooks produced.
The educational activities are one of the main pillars of ECMI. In 2019, ECMI Educational
Committee organised two Modelling Weeks for masters students, one in Darmstadt in
February-March, and one in Grenoble in July. We also promoted the rst ECMI Postgraduate
Modelling Week, that took place in Sevilla, last July, that in the main addressed PhD students.
This Modelling Week was a satellite event of ICIAM 2019 and it was an excellent opportunity for
our PhD students to be associated with this big conference.
It is worth mentioning that we had a strong presence at the ICIAM 2019 meeting in Valencia. In
addition to the many mini-symposia promoted by ECMI nodes, we were particularly involved in
the organisation of "Industry Day", an activity oriented to the transfer of mathematical
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technology that took place during the meeting. Our special guest was Stefan Kurz, Vice
President for Strategies and Technologies of Modelling and Simulation at Robert Bosch,
Germany. The ICIAM conference was also an opportunity to meet with similar scienti c
organisations. In particular, we met with Prof. Masato Wakayama (President of the Asia Paci c
Consortium of Mathematics for Industry) and James Crowley (Executive director of SIAM). All
organisations agreed to strengthen collaboration and we are now working on setting up
mutual agreements.
ECMI has increased its budget for research and innovation (R&I) activities. Now our R&I
Committee has the means to strengthen and encourage activity of the Special Interest Groups.
Since the beginning of the year, ECMI has a new agreement with Springer for the Open-Access
ECMI Journal for Mathematics with Industry. Within this new agreement, all researchers
a liated to an ECMI institution now have the possibility to publish in the journal for free. We
are also working hard to set up an international repository for European Study Group with
Industry reports, in partnership with Cambridge University Press. The idea is to make available
those reports that we believe to be a valuable resource.
To nish the snapshot of our activities in 2019, the new set of bylaws that complement the
ECMI Statutes, and anti-trust policy were recently approved by the ECMI Council. Transparency
and internal democracy is an important part of the ECMI collaboration and this new set of rules
for sure will contribute to it.
A nal message to encourage a new generation of members to participate in the core activities
of ECMI. Our consortium needs young people and can help them to unfold and amplify their
ideas. Diversity is a point of strength of Europe and ECMI is willing to stimulate collaborative
initiatives among the various nodes. I encourage you and your colleagues to make the most of
your ECMI membership. Please reach out the ECMI Council if you would like to be a part of our
strategic initiatives.
Thanks for being part of ECMI and thanks so much for participating in all of our activities.
Adérito Araújo University of Coimbra, March 2020
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Interview: Ian
Gri ths
examples of applications of mathematics in
the real world, covering anything from
cryptography for internet security to voting
strategies. In 2014 I was awarded a Royal
Society University Research Fellowship,
which has allowed me to explore in depth
my interests in industrial mathematics with
a focus on uid-dynamical challenges.

With such a varied background, what
are your current research interests?

I’ve had quite a varied path. I completed my
undergraduate degree in Theoretical
Physics and Applied Mathematics at the
University of Birmingham. From there I
moved to Oxford’s Mathematical Institute
for my DPhil, working in the Oxford Centre
for Industrial and Applied Mathematics
(OCIAM). It was here that I got my rst taste
of industrial mathematics, working on the
problem of manufacturing square glass
tubes motivated by specialist glass company
Schott AG. I subsequently undertook
postdoctoral positions in Oxford, Durham
University’s Department of Chemistry and
Princeton University’s Department of
Mechanical and Aerospace Engineering. In
Princeton I made strong connections with
Howard Stone’s Complex Fluids Group with
whom I continue to collaborate. I also
lectured a course in Princeton’s Department
of Mathematics for six years where I showed

10
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Welcome, Ian, as our new Professor
of Industrial Mathematics at the
University of Oxford’s Mathematical
Institute. Can you tell us about your
mathematical journey that brought
you here?

My research is centred on the development
of industrially relevant mathematical
models to solve challenging 21st century
uid-dynamical problems. Some of the
topics I am currently working on are:
Strategies for arsenic and uoride
removal to provide clean water to the
world (with IIT Kharagpur), using
homogenization theory and chemical
kinetics.
New techniques for the production of
optical bres and high-quality glass for
tablet computers and mobile phones
(with Schott AG), developing asymptotic
models that provide solutions to inverse
problems.

Manufacture of square capillary tubes using
an analytic solution from asymptotic analysis.

o
o

Technology for micro ltration lter
blockage (with Pall Corporation), using a
combination of network models and
discrete-to-continuum theory.
Developing a lter that lasts the lifetime
of a vacuum cleaner (with Dyson),
generalizing homogenization theory to
describe porosity-graded and random
lters for vacuums and air puri ers.

which you have a chance to make a real
impact. Working with industrial partners
gives you access to data, resources and
technology that you wouldn’t otherwise
have. I really enjoy the dynamic nature of
working in this area: you never know what
kind of mathematics might be needed next,
and the questions we face can change on a
daily basis as we make interesting
discoveries.

You obviously enjoy these research
interactions, so what advice would
you give to someone early in their
career who is thinking of becoming
involved in industrial mathematics?

o

o

o

o

o

Randomly arranged obstacles in a lter lead
to channel ows that improve performance
compared with periodic arrangements.
Improvement of sulphur dioxide removal
from ue gas (with Gore), using thin- lm
equations.
Techniques to manufacture star-shaped
Cheerios with improved taste (with
Nestlé), which has led to new discoveries
concerning the die-swell singularity in a
compressible uid.
Preventing ‘image burn’ in LCD screens
(with Merck), coupling Beris–Edwards
and Leslie–Ericksen theories with uid
ow and electrodynamics.
Improving the taste of a fruit smoothie
(with SharkNinja), using Smoluchowski
kinetics and uid dynamics.
Developing a mathematical model to
predict the performance of a novel
ceramic membrane (with Smart
Separations).

That is a vast array of industrial
collaborators. What is it that draws
you to work on industrial problems?
One of the most appealing features is that
you get to work on cutting-edge problems
that are at the forefront of technology, in

One of the best ways to get involved with
industrial mathematics is to attend one of
the Modelling Camps run by ECMI or the
Study Groups in Industry, which are now
held worldwide. These give you a chance to
work alongside more experienced
academics, from whom you can learn, but
also to contribute to solving the problem
yourself. For undergraduates, nal-year
projects and summer internships are a
great way to learn about a new industrial
problem. Another appealing aspect of
working on industrial mathematics is the
wide variety of techniques that it draws
upon, meaning that whatever your
mathematical interests are, there is a
problem for you. This is certainly something
that I enjoy, which also makes the most of
my varied scienti c background.

You are now working in OCIAM,
which has a long tradition in
industrial mathematics. How could
other institutions develop similar
programmes?
Establishing industrial contacts is a key
component. In Oxford we host workshops
in which industries pose open questions to
a room of faculty members, postdoctoral
researchers and doctoral students. These
provide a fast way of identifying synergies,
which can then be taken forward in a variety
of ways, including Master’s projects,
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doctoral studentships and postdoctoral
sponsorship. Creating a hub of academics in
a certain eld is also advantageous as
industries often face similar challenges for
which there are common mathematical
approaches.

How do you think industrial
mathematics could be introduced
into an undergraduate or graduate
programme?
In Oxford, we offer nal-year undergraduate
and Master’s projects that are often inspired
by industrial problems. These projects give
students an idea of the strategies that may
be involved when tackling industrial
challenges. These involve a mix of individual
and group work, with the latter promoting
the vital ethos of teamwork. At the graduate
level we offer doctoral-training-centre
courses that focus on particular aspects of
industrial mathematics. These courses
encompass the derivation of mathematical
models for industrial processes and
determining their solution via either
analytical or numerical means. This training
is complemented by skills courses in which
students are taught how to communicate
their results to their industrial collaborators
effectively.

You’ve talked a lot about the bene ts
of your research interactions, but
what di culties are involved in
combining mathematics and
industry?
One main challenge is balancing the core
industrial questions with the interesting
mathematical approaches. It can be
tempting to focus on a particularly elegant
and more general aspect of mathematics
that emerges from a speci c industrial
question, but it is always important that you
still address the original question that was
posed. However, the industrialists are often
even happier when you nd solutions to a
broader class of problems, and in many
cases the deeper study of the mathematical

12
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intricacies can help to focus on what the
fundamental challenge actually is. It is
common that we answer questions to
problems we didn’t even know we had!
Another challenge when entering a new
eld is in familiarizing yourself with the
technical language used in a given industry.
Equally, we must ensure that when we
convey our results back to our industrial
partners we deliver them in a way that
allows them to take forward and implement
the suggestions.

The research you talk about is very
exciting, but to be of real bene t,
how do you think industrial
mathematicians should react to the
rapidly changing world?
Currently, there is a signi cant push
towards big data and Arti cial Intelligence,
which shows great promise in a wealth of
different areas. But we need to balance this
with the fact that there are also many
problems that demand the use of
alternative tools. Our challenge as
mathematicians is to identify the right tool
for a given job, and develop a new tool
when the right methodology doesn’t exist.
Developing a new mathematical framework
for a problem is an aspect I really enjoy as
you get to try out your new approach on the
industrial challenge. As you iterate towards
a solution, this allows you to learn new
mathematics while simultaneously solving a
problem. We are entering a new and
exciting era where computational power is
no longer the limiting factor. Being able to
apply a range of deep mathematical ideas at
this stage is critical to understanding
problems. I am excited to see how our
mathematical knowledge and
computational technology develop to match
the increasing challenges faced by industry.

Interviewed by Prof. Colin Please
University of Oxford, UK

Interview: Frédéric
Barbaresco
Frédéric Barbaresco received his State Engineering diploma from the
Grand-Ecole CENTRALE-SUPELEC, France, in 1991, with specialization in
Optimal Control. Since then, he has been working for the THALES Group
where he is now SENSING Segment Leader of Key Technology for the
Domain “Processing, Control & Cognition”. He is an Emeritus Member of
SEE since 2011.

Can you tell us about your
connections to ECMI and to the
French SMAI? How did you get
involved with these societies and
what is (or should be) their role for
academic mathematics and for
Industry?
I was member of the SMAI board during 3
years from 2016 to 2018. During this period,
I tried to make ”Geometric Science of
Information” and especially ”Information
Geometry” more visible in France. I
organized mini-symposia on this topic in the
French Biennial of Applied Mathematics
organized by SMAI. In 2019, I organized
another mini-symposium with Alice Le
Brigant, Sana Rebbah et Guillaume Bouleux
on ”Probability Densities on manifolds and
Lie Group”. I was also invited in 2013 to give

a talk on ”Experimental results of Airplanes
Wake-Vortex Radar monitoring” where I
present rst World 4D imaging of
Wake-Vortex on Paris-CDG Airport” at the
mini-symposium organized by Benjamin
Texier. I succeed also to bring SMAI’s
scienti c sponsorship to the ”Geometric
Science of Information” (GSI) conferences
that I have launched with Frank Nielsen in
2015 at Ecole Polytechnique, in 2017 at
Mines ParisTech and last one in 2019 at
ENAC in Toulouse. In 2014, I have hosted
with SEE, and with SMAI support, the
”MaxEnt’14” conference in Château Clos
Lucé, Parc Leonardo Da Vinci, in Amboise.
French SMF also brought its scienti c
sponsorship to these conferences. This
SMAI support helps us to attract young
applied mathematicians to these events,
favouring the creation of a network of
applied mathematicians in Europe
interested in the interplay between
Information Theory and Geometry. For the
time being, I have not interacted a lot with
ECMI, but I am motivated to organize a
European event on ”Geometric Science of
Information” with the help of ECMI to
federate European applied mathematicians
to ”Information Geometry”. In France, I have
received also support from CNRS GDR ISIS
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and MIA, which were also associated to
these events. With CNRS GDR GSI, other
technical days have been organized in Paris
on Information Geometry and a Summer
School at Peyresq in 2019. In 2018, I was
also involved to preparation of an event
organized at Institut Henri Poincaré for the
celebration of the centenary of Claude
Shannon coordinated by Yann Ollivier.

Can you tell us about your career
path, how did you gain your current
position in THALES. Can you say a
few words about this company and
what is your role in the enterprise.
Thales develops solutions that incorporate
arti cial intelligence and other technological
breakthroughs based on the application of
quantum sensors to the elds of
transportation, aeronautics, space, defence
and security, with support of 5 Thales
Research & Technology research centers
and 29,500 R&D engineers. THALES
approach to arti cial intelligence is known
as Thales TrUE AI (Arti cial Intelligence that
is Transparent, Understandable and Ethical),
keystone of the current digital disruption,
which enables the potential of major
technologies such as connectivity, big data
and cybersecurity to be fully harnessed.
After my diploma from SUPELEC (new name
CENTRALE-SUPELEC Engineering School) in
1991 with a specialization in Optimal
Control, I hesitated between a PhD and a
career in Industry, but as I had two children,
I decided with my wife to apply for a job in
THALES (previously THOMSON-CSF) in Paris,
in the Radar Department. THALES was
considered, and still is a leading company in
the domain of advanced sensors (Radar,
Sonar, Electro-Optical and Infra-Red
cameras,. . . ), and especially in Radar
statistical signal processing with a long
history. In 1934, the company CSF, THALES
ancestor, developed Radars under the
supervision of Maurice Ponte from the
French Academy of Science. Jacques
Laplume from the hyper-frequences
department has published 4 months before
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Shannon the formula about Channel
capacity. In the early 90’s, it was the
beginning of full digitalization of Radar
antennas. This was a very motivating for a
young Engineer, and I was involved rst on a
project to develop Arti cial Intelligence for
automatic Radar Modes selection. During 20
years, I have studied and specify ”Dynamic
Radar Resource Management” of main
THALES surface radars, and more recently
on new generation Multi-Mission Radars.
During more than 15 years, I was also
involved on studies on ”Radar Wake-Vortex
monitoring”. In parallel, I was involved in
many Advanced Studies on Radar Statistical
signal processing. My rst paper and patent
was in 1993 on Burg Autoregressive
Algorithm regularization for Doppler
Spectrum estimation on short time series. I
have then published more than 200 papers
and written more than 20 patents in Radar. I
have rst met ”Information Geometry” in
1995 and I have published my rst paper on
Information Geometry, more than 20 years
ago, in 1998. Since then I have been
involved with many projects and endevours
for THALES and in collaboration with
academic institutions.

Can you describe your Mathematical
education. Did you specialise in
geometry or in other sub elds of
Mathematics? What about your
engineering background?
After 2 years of intensive learning of maths
and physics in ”Ecole préparatoire” at Lycée
Clémenceau in Nantes, I have integrated
High Engineering School. In
CENTRALE-SUPELEC (previously SUPELEC), I
specialized in maths for Automatic and
Optimal Control, with also deep learning in
statistical signal processing, following
lectures given by researchers of L2S
laboratory. Unfortunately, Geometry was
not taught during the 90’s in engineering
departments. When I started to work on
Information Geometry, I learned differential
geometry from many reference books, for
example the books by Marcel Berger,

Manfredo P. do Carmo, Mikhail Gromov and
others. From Charles-Michel Marle, I learnt
a lot on Souriau works in Geometric
Mechanics. And I have also bene tted from
many interactions with mathematicians like
Marc Arnaudon, Michel Nguiffo Boyom,
Daniel Bennequin.

What are your current research
interests?
My main interest is to develop a ”Lie Group
Machine” in the framework of Arti cial
Intelligence based on Koszul-Souriau-Fisher
metric and ”Natural Gradient”.
Koszul-Souriau-Fisher metric is an extension
of Fisher metric in the framework of
Symplectic Geometry developed in
Geometric Statistical Mechanics by
Jean-marie Souriau, and by Jean-Louis
Koszul in the framework of homogeneous
bounded domains geometry. With
extension of Information Geometry in
Symplectic Geometry, we can also de ne
(maximum entropy) density of probability
for Lie groups statistics in the framework of
Dixmier and Kirillov representation theory
and coadjoint orbits methods. This year is
the 50th anniversary of Jean-Marie Souriau’s
book "Structure of dynamical systems". In
this book, Souriau introduces "the moment
map" (a geometrization of Noether
theorem) and Symplectic geometry in
Geometric Mechanics. My research
interests are focused on Chapter IV, the
least known book chapter, which concerns
statistical mechanics, in which Souriau
developed a model that he named "Lie
groups Thermodynamics". Souriau will
return to this model in 1974 and introduce a
Riemannian metric, invariant under the
action of the group, which I have linked to a
generalization of the Fisher metric from
Information Geometry for homogeneous
Symplectic manifolds. This model considers
the KKS 2-form (Kostant-Kirillov-Souriau)
de ned on the coadjoint orbits of the Lie
group in the non-zero cohomology case,
with the introduction of a Symplectic
cocycle, called "Souriau’s cocycle",

characterizing the non-equivariance of the
coadjoint action (action of the Lie group on
the moment map). We have just
coordinated, with Charles-Michel Marle and
Michel Nguiffo-Boyom, the translation of a
book by Jean-Louis Koszul which takes over
and develops this Souriau’s model.
Jean-Louis Koszul and Jean-Marie Souriau
jointly used the theory of a ne
representations of Lie groups and Lie
algebras. Ten years earlier, Jean-Louis
Koszul had introduced a 2-form on sharp
convex cones, invariant under the action of
their automorphisms, for which the Fisher
metric from Information Geometry appears
as a special case. The link is natural because
the spaces of the probability densities
parameters for the exponential families live
in homogeneous bounded domains, which
were the object of study of Jean-Louis
Koszul following Elie Cartan’s seminal works.
It is now common to speak about
Koszul-Souriau-Fisher metric. Applications
for THALES are Drone signature recognition,
Doppler signature recognition using
coadjoint orbits of the Lie group SU (1, 1),
and Kinematic signature recognition using
coadjoint orbits of the Lie group SE(3).

Could you please explain the
meaning of the concept ”Information
Geometry” and some of the history
of this subject?
Information Geometry was born from the
desire to geometrize spaces of probability
distributions. It is based on the notions of
differential geometry and on the study of
the concepts of invariance in statistics.
Today it is at the heart of many
technologies, especially in Machine Learning
that is based on ”natural gradient”. It
consists in introducing a distance between
elements of a probability space, which we
provide with a metric structure in the space
of parameters. This distance can thus be
de ned between two random variables or,
equivalently, between two probability
densities. Fisher’s Riemann metric was
chosen for its invariance by change of
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parameterization. The rst forerunners in
this burgeoning eld were the French
mathematician Maurice Fréchet in 1939 and
the Indian statistician Calyampudi
Radhakrishna Rao in 1945. This theory has
been developed by Shun-ichi Amari in Japan
during 90’s, but I have discovered that roots
of its fundamental geometric structures
come from Jean-Louis Koszul works on
homogeneous bounded domains, because
parameters of exponential families live in
these domains. Last but not least the Fisher
metric extension for Lie groups in the
framework of homogeneous Symplectic
manifold was developed by Jean-Marie
Souriau for Geometric Statistical Mechanics
with a new model called ”Lie Groups
Thermodynamics”.

Information geometry is an
interdisciplinary subject within the
mathematical sciences and it is also
very related to machine learning.
What do you think should be the
study path of a student who wants
to become an expert in this subject?
First, students have to read seminal paper
of Maurice Fréchet and Calyampudi
Radhakrishna Rao. There is a recent tutorial
book of by Shun-ichi Amari, that is also a
good introduction ”Information Geometry
and Its Applications”, published by Springer
in 2016. But to go further, especially to
explore elementary structure of Information
Geometry, I invite them to read the book of
Hirohiko Shima ”The Geometry of Hessian
Structures” published by World Scienti c in
2007, who rst made the link with the work
of Jean-Louis Koszul on homogeneous
bounded domains and Information
Geometry. I have recently written a tutorial
paper published in Springer Book
”Geometric Structures of Information”
entitled ”Jean-Louis Koszul and the
Elementary Structures of Information
Geometry”. Finally, for the link of
Information Geometry with the work of
Jean-Marie Souriau in Geometric Statistical
Mechanics, I propose to read the book that
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we have just edited in 2019 with Springer ,a
translation of Jean-Louis Koszul Lecture,
entitled ”Introduction to symplectic
geometry”.

International companies like Google
and Facebook are becoming big
players in the international research
arena especially in the eld of data
analytics and machine learning
competing directly with academic
institutions. Do you think they will
soon engage also in the educational
aspects of research?
For the time being, these companies attract
many researchers in pure and applied
mathematics from academic labs to work on
Arti cial Intelligence to develop new
applications. In France, to avoid this
hemorrhage, the French government has
launched 3IA Institutes in Paris, Toulouse,
Grenoble and Nice with chairs with
industries. THALES with other classical
industries supports 3IA ANITI Institute in
Toulouse. In Paris, 3IA PRAIRIE Institute has
established partnerships with Google,
Facebook and Amazon among others. New
equilibria have to be elaborated with new
rules shared by all. This is the role of the
European commission, and especially the
new commissioner Thierry Breton, to build
new strategies for Europe. In January 2019,
the European commission has launched
AI4EU platform coordinated by THALES. The
AI4EU consortium was established to build
the rst European Arti cial Intelligence
On-Demand Platform and Ecosystem under
the H2020 programme.

Which advice would you give to
young people passionate for
Mathematical research and with
ambitions of a brilliant career in
Industry?
We are in a new cycle where there are more
opportunities and bridges between career
in industry and in mathematical research,
because industry wish to elaborate open
innovation with academic labs, and

mathematician researchers are more
opened to applications. In industry, we are
more pressure by short-term results
compared to academics labs which are
more oriented to long term research. My
rst advice is not to be in uenced by last
fashion, but to explore new side roads
looking for ”structure” and ”foundations” of
their discipline. A career is a long term race,
and they have to develop skills that will be
useful for more than 40 years of their
career. My second advice is to develop their
interdisciplinarity looking for marginal links
between disciplines. I like this citation of
Jean-Luc Godard ”The margin is what keeps
the pages together”. My third advice is to
read seminal papers and not literatures on
these papers, because in original texts,
readers have only extracted one idea
among many others which have been
forgotten. I conclude quoting Jorge Luis
Borges citation from Doctor Brodie’s report
”both forgetfulness and memory are apt to
be inventive”.

Can you tell us about your private
life and what you like to do when
you are not at work?
I have 4 children but didn’t succeed to
attract them toward mathematics. My son is
working in software technology and has
launched his own activity, my rst daughter
is achieving a PhD thesis in literature and
history at EHESS, my 2nd daughter is
learning economics at Pantheon-Sorbonne
University, and my last daughter will start
medicine studies. I am a singer with my wife
in a classical choir, where we prepare each

year two concerts with orchestra in Paris. I
attend every weekend concerts of young
classical music talent players organized by
”France Culture”, or at ”Cortot concert hall”
of Ecole Normale de Musique and Paris
conservatory in La Vilette. I also used to go
to the theater, and especially at ”La
Comédie Française”, that organizes also
reading sessions with actors for new plays
not yet created. I like walks in the forest,
because I live 5 minutes from 5000 hectares
of Melun Forest and in the Yerres Valley in
South of Paris which has a long cultural
history with stays of the rst impressionist
painters in last century. I have passion for
reading books on history of sciences,
epistemology and philosophy of Sciences.
Among others, books of Gaston Bachelard,
Pierre Duhem and Georges Canguilhem are
my main references. I am also interested by
structuralism in art and sciences. I have a
project to organize a concert in
collaboration with Institut Henri Poincaré
based on pieces of Julien Koszul
(grand-father of Jean-Louis Koszul and
French composer Henri Dutilleux) and Jean
Cartan (son of Elie Cartan and brother of
Henri Cartan). Cartan Familly and Koszul
family were very closed, and I have
discovered that Julien Koszul has taught
harmony to Albert Roussel, and Roussel has
mainly in uenced the young Jean Cartan in
his music pieces creation. Music and
Mathematics are sharing values in harmony.

Interviewed by Elena Celledoni, NTNU,
Norway
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THREAD —
Numerical
modelling of highly
exible structures
for industrial
applications
Highly exible slender structures like yarns, cables, hoses or ropes are
essential parts of high-performance engineering systems. The complex
response of such structures in real operational conditions is far beyond
the capabilities of current modelling tools that are at the core of modern
product development cycles. Marie Sk odowska-Curie funding of the
THREAD project will bring together young mechanical engineers and
mathematicians, who will develop mechanical models and numerical
methods for designing highly exible slender structures, and support the
development of future virtual prototyping tools.

Virtual prototyping is a cornerstone in
modern industrial product development
cycles, as it is used to accelerate the design
process, reduce the cost associated with
real prototypes and improve the nal
product’s performances. The European
Training Network (ETN) THREAD addresses
the numerical modelling of slender and
highly exible structures, synonymously
denoted as rods or beams, which are
ubiquitous in engineering applications.
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Their mechanical response is dominated by
very complex phenomena that occur at
different spatial and temporal scales.
Full-scale 3D models of multimaterial rods
based on a detailed representation of their
internal structure would be incompatible
with the requirements of a system-level
analysis because of their high complexity
and computational cost. Current 1D rod
models lead to lower-dimensional problems
but can hardly reproduce experimental
results because of their inability to account

Projects and Case Studies

for local nonlinear phenomena in the
cross-section and of their extreme
sensitivity to numerical disturbances.
THREAD is a unique network of universities,
research organisations and industry from
Austria, Belgium, Croatia, France, Germany,
Norway, Slovenia and Spain that brings
together mechanical engineers and
mathematicians around major challenges in
industrial applications and simulation
software development. It establishes an
innovative modelling chain starting from
detailed 3D models and experimental
measurements to build validated 1D rod
models which are then brought to a
system-level simulation thanks to the
development of next-generation algorithms
with outstanding numerical properties.
The 14 Early Stage Researchers (ESRs) will
bene t from cooperation with twelve
industrial partner organisations
implementing a comprehensive programme
of research secondments and contributing
their experience.

Challenges from industry
Slender structures rank among the most
e cient structural components in
engineering, enabling lightweight design,
either as ropes or using bres and yarns in
composite materials, as well as in the form
of bending-dominated thin beams. Ropes
and cables, in particular, allow the
transmission of motion, forces, power and
digital information over long distances and
through narrow spaces. Their performance
is due to an optimal combination of a high
stiffness in the axial direction and an
extreme exibility in the other directions.
Compared to stiff structures, slender and
highly exible structures have the capacity
to adapt their geometry to the environment,
but their mechanical behaviour is much
richer and far more di cult to control.
Today, virtual prototyping tools are not able

to predict the complex response of these
structures in real operational conditions, so
that the design process involves numerous
time-consuming and costly comparisons
with experimental tests.
This ETN addresses a variety of industrial
challenges in different application areas
such as mechanical and aerospace
engineering, biomedical engineering,
offshore engineering, civil engineering and
textile engineering.

Figure 1: Spinning of textile yarns (Photo: Centexbel).

One challenge deals with the manufacturing
of technical textiles for medical applications
or composite preforms using the 3D
braiding process (see Fig. 1), where the
mechanical interactions between hundreds
of yarns should be adequately controlled to
generate the desired nal layout.

Figure 2: Three-cable system (3S) ropeway with one hauling
and two support cables (Photo: LEITNER ropeways).

Accurate structural models of wire ropes
are essential to study the behaviour of
ropeways (see Fig. 2) on the system level.
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Intensi ed research on these and other
industrial challenges where slender exible
structures play a key role will boost
high-tech product development in industry
for a wide range of engineering elds.

Cosserat rod model basics
Figure 3: 3D mechanical layout of a wiring harness (Image:
eXstructures GmbH).

In automotive industry, reliable simulation
models, including effective material
properties, are needed to predict the
behaviour of cables and wiring harnesses in
(dis)assembly and system operation (see
Fig. 3).

Figure 5: Centre line curve r(s) and attached moving
frame R(s) = a(k) (s) ⌦ ek of a Cosserat curve,

describing the geometry of the spatial con gurations of a
prismatic rod. The volumetric geometry is generated by
sliding the cross section spanned by the frame directors
{a(1) , a(2) } along the centre line, with position vectors
x = r(s) + ⇠↵ a(↵) (s) of its material points.
Figure 4: Gastroscope with two working / suction channels
(Photo: KARL STORZ SE & Co. KG).

The characterisation of the multilayered
structure of medical endoscopes (see Fig. 4)
is of utmost importance to model their
deformation behaviour and to simulate the
navigation within narrow curved tubes
within the human body.
Another challenge addresses the design of
compact exible slender aerials that should
be deployed in space, so that the room
needed by satellites during launch is
minimised. Analysing structural fatigue of
structural components for offshore industry
and offshore oating wind farms, such as
marine riser systems, oaters and mooring
lines requires advanced tools that deal with
various sources of damping and complex
cross-sectional properties in power cables.
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The theoretical background of 1D models of
slender structures nds its roots within the
so-called rod theories, which have become a
classical topic [? ] in mechanical engineering
and numerical simulation since the seminal
work by the Cosserat brothers (1909).
Essentially, the con guration of a Cosserat
rod is represented by the centreline position
and orientation elds and thus evolves in a
nonlinear space, i.e.: the Lie group SE(3) of
rigid motions in 3D Euclidian space. The
theory of differential geometry will be
exploited throughout the project as a
powerful mathematical tool for the
development of consistent mechanical
models and e cient numerical algorithms.
Stable static equilibrium con gurations of
an elastic Cosserat rod correspond to
minima of its potential energy, which in the
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absence of external forces is given by the
RL
integral W (el) = 0 ds V (el) ( , K) of its elastic
energy density
V (el) ( , K) =

1
h
2

1
i+ h K, CK · Ki
2

,C ·

along its centre line. The energy density
V (el) is a quadratic form of the deviations
K = K(s) K0 (s) and
(s) = (s)
0 of
⇤
the material curvature K = 2q̂ @s q̂ and
material tangent vector = q̂⇤ @s r q̂ from
their reference values K0 (s) and 0 ⌘ e3 .
The energy density is characterised by the
effective stiffness parameters of the local
cross section assembled in the diagonal
matrices C = diag([GA1 ], [GA2 ], [EA]) and
CK = diag([EI1 ], [EI2 ], [GJ]).
A variety of discrete rod models are
developed by the ESRs within the THREAD
project, based on non-standard
discretisation schemes like the nite
difference based one [? ] sketched in Fig. 6,
or innovative nonlinear nite element based
approaches utilising geodesic interpolation
between nodal variables in the motion
group SE(3), see [? ].

Discrete curvatures are de ned at the
vertices as Kj := 2 log(q̂⇤j 1/2 q̂j+1/2 )/h̄j ,
and discrete material tangent vectors
⇤
rj 1 )/hj 1/2 q̂j 1/2
j 1/2 := q̂j 1/2 (rj
are located at the edge centres, where
hj 1/2 are the edge lengths in the reference
con guration, and h̄j := 12 (hj 1/2 + hj+1/2 )
measures the distance of adjacent edge
centres in discrete arc length.
The discrete elastic energy function
W (el) :=
+

N
X
j=1

hj

1/2

1
h
2

j 1/2 , C

N
X

1
h̄j h Kj , CK ·
2
j=0

·

j 1/2 i

Kj i

approximates the potential energy integral
of the continuum model. Equilibrium
con gurations of a discrete Cosserat rod
can be computed by solving the nonlinear
system of equations given by
@W (el) /@rj = 0 , @W (el) /@q̂j+1/2 = 0
for the set of free con guration variables
that have not been xed by the boundary
conditions.

The research programme of THREAD
The three scienti c workpackages (WPs) and
the 14 individual research projects of
THREAD will contribute to the development
of the rst integrated and validated
modelling chain for slender structures.

Figure 6: Polygonal arc approximating a smooth regular
geometric curve C: The vertices pj 2 C located at positions
rj 2 E3 de ne edges (pj

length tangent vectors tj

1 , pj )
1/2 .

with edge centred unit

A discrete Cosserat curve

consists of a polygonal arc with edge centred quaternions
q̂j

1/2

2 S 3 representing SO(3) frames Rj

1/2 .

The con guration variables of a discrete
Cosserat rod consist of the sets of vertex
positions {rj }j=0,...,N and edge centred
rotational quaternions {q̂j 1/2 }j=1,...,N .

Firstly, the derivation of a 1D approximation
from the classical 3D theory of elasticity
poses a fundamental question in Cosserat
rod theory which is addressed in WP1. This
derivation aims at the formulation of the
constitutive law which relates the strain and
stress resultants of the cross-section.
Innovative theories and formalisms are
needed to capture cross-sectional
deformation elds as well as complex and
nonlinear material laws in multi-material
and curved rods. Also, inter- bre contact

Projects and Case Studies

Collaborate and Cooperate

Annual Report 2019

23

and friction phenomena may affect the
behaviour of 1D models of cables and ropes
made of bre assemblies on the mesoscopic
level. In WP1, experimental procedures,
higher order beam formulations or full-scale
3D models will be proposed to establish the
parameters of the constitutive laws.
Secondly, many industrial applications
involve collective motions of interacting
rods, rod motions con ned to narrow
spaces or rod motions excited by complex
loadings. The interactions of each rod with
its environment completely modify the
nature of its equilibrium con gurations.
Diverse frictional contact conditions may
occur such as point-wise contacts,
distributed contacts, or self-contacts
represented using continuous or
non-smooth contact models. In WP2,
next-generation algorithms based on
differential geometry concepts will be
developed with the ambition to capture
these complex interactions with the
requested geometrical accuracy using
computationally e cient and adaptive
spatial discretisation, contact formulations
and numerical procedures.
Thirdly, cables and hoses may exhibit a rich
and nonlinear dynamic behaviour whose
understanding requires robust and reliable
models and simulation techniques. To
characterise these phenomena for
engineering purpose, novel geometric
numerical methods will be investigated in
WP3, which should be able to reproduce the
inherent properties of the nonlinear
dynamic response in an e cient and robust
manner. The development of time
discretisation methods which preserve the
underlying structure of the problem [? ? ]
will be addressed including pioneering
adaptive step-size methods with
error-control schemes. Transient solvers for
nonlinear rods on Lie groups with
non-smooth phenomena and for rods with
nonlinear material laws including
viscoelasticity, viscoplasticity and
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delamination will be addressed. Model
order reduction methods will be explored to
limit the computational complexity of highly
nonlinear structural models. Also, the
validation of the proposed dynamic models
and simulation algorithms will involve the
development of non-standard experimental
setups as well as original data-driven
modelling procedures.

The training programme of THREAD
With a focus on interdisciplinarity and
transferable skills, the THREAD training
programme aims at producing candidates
that are highly attractive on the job market,
in Europe and worldwide.
In July 2020, the training programme will
start with a Summer school on
“Fundamentals of beam theory and exible
multibody dynamics” and “Parametrisation
of rotations” at the University of
Erlangen-Nuremberg, Germany.
Acquiring advanced knowledge of Cosserat
rod models is the prime objective of the
training programme. The PhD students will
perform supervised research in their
individual PhD projects, and they will
acquire inter-sectoral experience by
working in tight collaboration with the
industrial partners. Particular attention is
paid to the training and development of
communication skills with numerous,
dedicated activities.
The core research training will be acquired
through the mandatory course work, locally,
at each partner institution, and will be
complemented by advanced and additional
research training provided by the
consortium via short courses, summer
schools, workshops and conferences. The
network wide training activities are open for
external participation.
The transferable skills training is organised
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partly locally and partly by the network. The
involvement of the industrial partners in the
planned training activities is substantial.
Each PhD fellow will spend a period of at
least three months at one of the partner
industries.
There is a pressing need of young engineers
and mathematicians capable of addressing
fundamental questions related with theory
and simulation of slender structures. The
THREAD project will leverage the training of
this new generation of researchers.

candidates for leading positions in industrial
research and development, in particular in
the area of virtual product development,
but de nitely also beyond this
specialisation, in higher level management.
For more information on THREAD, see
https://thread-etn.eu/

This project has received funding from the
European Union’s Horizon 2020 research and
innovation programme under the Marie

Summary and Outlook

Sk odowska-Curie grant agreement No 860124.

THREAD is the rst doctoral training school
in modelling and simulation of highly
exible slender structures. The
complementarity between the bene ciaries
and partner organisations permits to
develop a unique multidisciplinary scienti c
and technical chain, from mathematical and
mechanical foundations to industrial
problems, through numerical algorithms,
software developments and experimental
validation.
The research work within THREAD
addresses open questions of basic and
applied research in mathematics and
mechanical engineering that are likewise of
high relevance for applications in industry.
The guidance provided by the international
team of top level scientists engaged in
THREAD to the ESRs to work on these topics
in their PhD thesis will expose the ESRs to
cutting-edge research in this area, with a
unique interdisciplinary blend of physical
modelling, highly innovative numerical
approaches and experimental techniques,
complemented by rst-hand experiences in
related industrial application empowered by
the inter-sectoral secondment programme.
Altogether, the quali cations acquired by
the ESRs in THREAD in close interaction with
the supporting industrial partners will
qualify them to become high-potential
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News from the
Educational
Committee
2019 was a great year for the Educational
Committee! We had two ECMI Modelling
Weeks (one in Darmstadt, in February, and
another in Grenoble, in July), and a new
event, the ECMI Postgraduate / VI Iberian /
NeEDS Modelling Week, that took place in
July, in Sevilla. Moreover, more centers
joined our network and we see a continuous
in ux of teaching centers that are joining
our network and taking part in the meetings
and in the activities that we are organizing.
Moreover, and even before the pandemic
that showed the relevance of online
teaching activities, we started a new
initiative: the ECMI Net Campus. The idea
emerged from the ECMI Special Interest
Group on Virtual Education. There is a huge
potential of cooperation and exchange of
educational resources among ECMI nodes.
The relevance of the ECMI label can also be
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seen in the increasing number of master
students that requested the ECMI
certi cate. One of the rules for the
certi cate being awarded is that the master
thesis must be on an industrial subject. And
we have witnessed the quality and the
interesting problems tackled by these young
applied mathematicians.
Now we are facing new challenges, as all the
world is going through a pandemic, with
enormous consequences, that one cannot
yet predict. Our planned activities for 2020
had to be changed, cancelled or postponed.
But the Educational Committee continues
with regular meetings, and we are preparing
for these new times and challenges!

Cláudia Nunes
Chair of the Educational Committee

Educational Committee

The 33rd ECMI
Modelling Week in
Darmstadt
For the rst time in winter, TU Darmstadt hosted the 33rd ECMI Modelling Week from February
24 to March 2, 2019. A total of 36 Bachelor’s, Master’s and PhD students and nine teachers
from ten European countries took part. Men and women were equally represented. The event
was organized by Idoia Cortes Garcia, Herbert Egger and Sebastian Schöps. In addition to ECMI,
it was sponsored by the Graduate School CE, the Transregio Collaborative Research Centers
TRR 146 and TRR 154, Robert Bosch GmbH and Dassault Systemes Deutschland GmbH.

"A great opportunity to challenge your knowledge," says Lorenzo Tedesco, master student of
mathematics from the Universitá degli studi di Milano. Together with his team, he is working
on a mathematical characterisation of water consumption in Portugal, which can ultimately
lead to a more e cient distribution of water. This is just one of nine projects whose topics
range from nding lost aircrafts to predicting stock market prices. As complex as the tasks are,
as short is the time the teams have to work on them - in only one week, sustainable concepts
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are to be developed and implemented on a prototype basis.
"The best way to motivate yourself is to work with people from different countries who have
different perspectives," was the interim conclusion drawn by Mariana Costa, a student at the
Instituto Superior Técnico at the University of Lisbon. She recommends participation without
reservation.
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Testimony of the
BigMath students:
MW in Sevilla
ECMI Postgraduate / VI Iberian / NeEDS Modelling Week
The ECMI Postgraduate / VI Iberian / NeEDS Modelling Week was held at the Mathematical
Institute of the University of Seville (Seville, Spain) on July 8th-13th, 2019. The goal of the
Modelling Week was to train students in Mathematical Modelling using industrial problems and
stimulate their collaboration and communication skills in an international environment.
There were about 56 participants, divided in 8 groups (corresponding to 8 projects). On the
rst day, participants were divided into international teams with an average of 8 members
each to work intensively during the week on the challenging problems that were posed by
instructors. The teams were formed based on the interests of the participants.
This is a testimony of the 7 BigMath students that took part in this activity. For some of them,
this was the rst time that they were enrolled in Modelling Weeks.

Educational Committee

Collaborate and Cooperate

Annual Report 2019

31

Figure 1: BigMath Students.

Projects
P1 [Projects e ciency]: Predictive models in
software development.
The company gathers data about several
aspects of software development
projects at its High-Performance Centers.
This information is used to build
indicators that allow one to assess the
quality, e ciency and meeting deadlines
in the project. Such indicators depend on
a number of factors involved in the
development, although the actual
dependency relationships are unknown
as a rule. The aim of this project was
twofold: to identify the factors that most
in uence the above mentioned
indicators, and to build a predictive
model for anticipating the value of those
indicators, even before starting the
project. Both goals will be tackled by
using the historical information on
previous projects. The ful llment of
these objectives will give rise to a useful
tool for decision making in the
optimization of the software
development process, or for risk
identi cation when the initial conditions
are xed and the foreseen value of an
indicator is outside the acceptable range.
P3 [Road quality]: Automatic optimization of
line roads.
The project was about the automatic
optimization of line roads, imposing two
main criteria: 1. movement and transfer
of land in the construction of the road, 2.
emission of CO2 by road users (related to
minimum slopes and length of layout).
In addition, there are restrictions on the
layout marked by the corresponding
regulations of the Ministry of
Development of Spain, marking
minimum visibility, maximum slopes, etc.
The rest of the restrictions are of
polygonal type: forbidden passage area,
or areas in which different reception
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capacities are established for the new
infrastructure. The aim of the project
was to model the optimization problem,
to study if there are global minima and to
design approximation algorithms for
global minimums.
P9 [Optimizing on-line payments]: Data
driven modeling and prediction
algorithms at Zalando Payments.
The company handles online payments,
giving several options to the clients,
including how and when to pay. The
project had two different areas: predict
the default probability of each client and
forecast the amount the orders of orders
which were not yet paid at a given time.
For the rst part, we mostly tried to
overcome the imbalance of the dataset
and studied methods to overcome this
challenge. The second problem was
related to time series and so we
researched and implemented different
methods to handle this particular type of
data.
P10 [Oncology imaging]: Applying image
analysis techniques in an oncology
therapy development project.
The problem falls within the framework
of the analysis of medical images
referring to colonies of bone marrow
stem cells. This involves screening the
interaction of these cells with different
compounds so that both the toxicity and
the e cacy of said compounds could be
measured. The images are obtained by
means of an apparatus that allows using
different focuses and lenses to make
precise pictures of the plates with
colonies in different channels
On Saturday, July 13, each team presented
the results from its work in front of all
participants, as well as the organizers and
the companies representatives. The
collaborations established during the
Modelling Week were very fruitful and led to
some very good results. Aside the intensive

Educational Committee

work, there was also time for relaxation. On
Wednesday evening, everybody was invited
for cocktail dinner, during this time we had
the opportunity to interact with all
instructors and participants.

Experience
The strongest point of the experience was
to have access to real problems with real
datasets. This establishes a stronger
motivation to solve a given problem and
also provides new challenges, which
well-prepared datasets do not. We had
direct and permanent contact with company
representatives, this allowed for a faster
and more clear answer to possible
questions regarding the data, the company
goals, the importance of certain results and
whether a given solution is feasible or not.
The modelling week provided a platform for
us to translate technical or mathematical
questions into terms which are
understandable to the industry people.
Nonetheless, the presence of a Professor
supervising each group was also of great
importance to have some guidance on the
academic side of the project. The teams
were very heterogeneous, and we had some
great time brainstorming and
complementing each other skills and
expertise.
It is a very helpful for both PhD students
and the companies who get nice

suggestions and new insights from a
different perspective.

Challenges
Coming up with a good solution in a week
was challenging, especially because we had
no prior knowledge on the data. Moreover
some of the teams could not access all the
available information because some
companies were reluctant to share sensitive
data.

Suggestions
Setting up most aspects related to data or
software before the start of the week, so
that we don’t need to allocate a lot of time
to that process. Speci cally, agreeing with
the company what exactly will be the data
available and how it can be accessed.
Creating smaller groups (at most 5 per
group). Even though this is limited by the
number of companies available, two groups
can work on the same problem but in
separate ways, so that everyone can have
space to contribute. It is di cult to
effectively manage a group with 10 people
and incorporate the ideas of everyone
within the set timeframe.
Filipa Valdeira, Greta Malaspina, Giulia
Ferrandi, Perfect Gidisu, Rasool Taban,
Rongjiao Ji, Stevo Rackovic
PhD Students from the BigMath project
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ECMI Special
Interest
Groups (SIGs)

6

Special Interest Groups (SIGs) exist to promote collaborative
research on speci c topics in Mathematics for Industry within

Europe. A particular aim is to enable researchers from both
academia and industry with similar interests to get together
and submit proposals for funding to the European Union or to
other funding bodies. ECMI can act as a catalyst in the
formation of such a group by offering advice about the
expertise available within Europe, by posting information on
the web pages and by circulating information about events to
all members.
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Modeling,
Simulation and
Optimization in
Electrical
Engineering
away. More generally, equipment for mobile
communication is used to control many
other applications, e.g. in health care,
banking, security, autonomous driving or
energy distribution. Particularly, the
transition towards sustainable energy
requires the improvement of electrical
infrastructure, again, from small scale, e.g.
household devices, electric machines, up to
powergrids.

Illustration from the FP7 nanoCOPS (Nanoelectronic

Opportunities

Coupled Problems Solutions) project

Purpose
Electrical engineering is an important
technology for many recent societal and
industrial developments. It includes the
investigation and application of electricity,
electronics, and electromagnetism. For
example, smartphones are using
semiconductors based on nanometer
technology for processing data. At the same
time they are connected to the internet
through antennas for exchanging data with
cell towers which are tens of kilometers
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The Special Interest Group MSOEE
(Modeling, Simulation and Optimization in
Electrical Engineering) brings together
mathematicians, simulation engineers and
practitioners from academia and industry. It
consists of 43 members who have agreed
on a broad understanding of the application
eld: it includes circuit simulation,
computational electromagnetism (from low
to high frequencies, up to optics),
electrochemistry, material science with
focus on semiconductors and plasma
physics. Current methodological research is
carried out on modeling with differential
equations, model order reduction,

ECMI Special Interest Groups (SIGs)

multiscale and multirate methods, structure
preservation and uncertainty quanti cation.

and Optimization in Electrical Engineering
(MSOEE) which gathers alls SIG partners
on ResearchGate to aid the discovery of
interesting publications within the group.
o

Interested scientists can join the group by
subscribing to the mailing list1 .

o

The 9th International Congress on
Industrial and Applied Mathematics
(ICIAM 2019) has been held in Valencia
on 15th-19th July 2019. SIG members
were part of the organization team (e.g.
in scienti c and executive committees)
and the group organized a multisession
minisymposium. Also, there was the
plenary talk of Stefan Kurz, Vice
President for Strategies and
Technologies of Modeling and Simulation
of Robert Bosch GmbH.
The group established a ResearchGate
project2 ECMI SIG on Modeling, Simulation

o

The EU-funded research project
fp7-nanoCOPS (Nanoeletronic Coupled
Problems Solutions) was successfully
completed in 2016. The SIG members HU
Berlin, TU Darmstadt, EMAU Greifswald,
KU Leuven and BU Wuppertal were part
of the consortium. Last year, the book
Nanoelectronic Coupled Problems Solutions
comprising the outcomes of the
nanoCOPS project has been published by
Springer in the Series Mathematics in
Industry.

o

o

o

Activities

BU Wuppertal, TU Eindhoven, TU Graz,
In neon Technologies AG (Munich) and
Signify NL (Eindhoven) submitted an
EID-proposal SEGMENTATION (Switching
bEhavior durinG tiME iNTegrATION) on
PEEC modeling of EM- elds and Circuit
Simulation with switching elements for
use in IC design and for lighting
applications.
The Polytechnic University of Bucharest,
TU Darmstadt, TU Eindhoven, Robert
Bosch GmbH (Germany) and various
cooperation partners submitted an
EID-proposal on computational science
and engineering towards digital twins
another EID-proposal with several work
packages in the scope of MSOEE.
The SIG contributed to the preparation of
the 13th International Conference on
Scienti c Computing in Electrical
Engineering (SCEE2020) which will take
place in Eindhoven on 16th-20th
February 2020. It will feature a special
ECMI minisymposium.

Oliver Rain, Stefan Kurz and Sebastian
Schöps
Robert Bosch GmbH and Technische
Universität Darmstadt.

1 https://mail.gsc.ce.tu-darmstadt.de/mailman/listinfo/msoee

2 https://www.researchgate.net/project/ECMI-SIG-on-Modeling-Simulation-and-Optimization-in-ElectricalEngineering-MSOEE
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Math for the Digital
Factory
The digital factory represents a network of
digital models and methods of simulation
and 3D visualisation for the holistic
planning, realisation, control and ongoing
improvement of all factory processes
related to a speci c product. In the last ve
or ten years all industrialised countries have
launched initiatives to realise this vision,
sometimes also referred to as Industry 4.0
(in Europe) or Smart Manufacturing (in the
United States).

Opportunities

o
o

coupling of multibody systems with pde
models to describe interactions between
machine tool (typically a MBS) and its
manufacturing task (typically described
by PDEs and ODEs)
multiscale models of complex
manufacturing chains including work ow

Collaborate and Cooperate

new concepts to model the energy
consumption of machine tools and more
complex production systems
optimization strategies for energy and
material e cient production

The four industrial revolutions (from C. Roser at

The Special Interest Group MaDiFa (Math for
the Digital Factory brings together university
mathematicians working in modelling,
simulation and optimization related to
manufacturing with practitioners from
manufacturing industry. The general
scienti c goal is to develop a holistic
mathematical view on digital manufacturing.
Topics to be discussed include
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AllAboutLean.com).

Activities
In 2019 there was no SIG meeting. After our
rst book publication in 2017 we have
started to collect contributions for a special
edition of the Springer – ECMI Journal of
Mathematics in Industry, which is expected
to be published in summer 2020. We plan to
organize a minisymposium during the ECMI
conference in Limerick, the next SIG
workshop then will take place in 2021.
Dietmar Hömberg
Weierstraß-Institut and Technische
Universität Berlin

ECMI Special Interest Groups (SIGs)

Sustainable
energies
The ideas for this SIG originated with the “Mathematics in Industry”
workshop “Technologies of thin lm solar cells”, held in Berlin. It was
followed by a series of workshops held in the UK and Germany with ever
increasing scope for organic photovoltaics, supercapacitors, solar fuels.
The kick-off meeting for this SIG, “Nanostructures for Photovoltaics and
Energy Storage”, also included electrothermal modelling and simulation
of organic materials and devices. There is now a major and timely
international focus on lithium-ion batteries.

Purpose

Opportunities

We address the challenges posed by the way
energy will be generated in the future, with
a high demand for sources of sustainable
energy and production capabilities and
which entails the restructuring of existing as
well as the creation of new, smart networks
for e cients storage and transport of
distributed energy. Mathematics plays a key
role in understanding the complex problems
that arise in these areas and in exploiting
underlying structures and processes.

Researchers and non-academics, e.g. from
industry, working in elds such as batteries,
thermoelectricity, nano-scale optics,
organic/polymer electronics such as organic
LEDs and storage systems are presently the
key stakeholders to which this SIG reaches
with its activities. Contributions relating to
energy distribution and networks are also
welcome.

o

There has been rapid growth of a network
of applied mathematicians who are working
on batteries. Growth has been partially
driven by the Multi-Scale Modelling project
of the Faraday Institution (UK), which aims
to bring together mathematicians,
engineers, and experimentalists in order to
develop new models of lithium-ion batteries
that capture physical process across a vast
range of length and time scales. Current
research on batteries includes:
Systematic derivation of multi-scale
models that account for
electrochemistry, thermal effects,

ECMI Special Interest Groups (SIGs)
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o

numerical modeling of Lithium ion
batteries and fuel-cells” at ICIAM 2019,
with four talks by researchers working in
Spain and Germany

Asymptotic reduction and solution of
comprehensive physical models.
Modelling battery degradation and
thermal runaway.

o

o

o

mechanics, and phase separation.

Development of fast and robust
open-source software for model
simulation, parameter estimation, and
design optimisation.

o

o

o

o

Activities
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Upcoming plans for 2020 include
mini-symposia on batteries at ECMI 2020
organised by Ferran Brosa Planella
(Warwick) and Robert Timms (Oxford)
and at the joint SIAM/CAIMS meeting in
Toronto organised by Matthew Hennessy
and Iain Moyles

At the 2019 British Applied Maths
Colloquium, Jamie Foster (Portsmouth)
and Mat Hunt (Warwick) organised a
mini-symposium on “Mathematical
modelling of lithium-ion batteries”. The
sessions featured eight talks by
researchers across the UK.
Matthew Hennessy (Oxford) and
Elizabeth Hayman (Oxford) received
funding from the UK’s EPSRC for an
undergraduate summer research project
focusing on heat generation in
lithium-ion batteries due to internal
short circuiting.
Lithium-ion batteries were a hot topic at
ICIAM 2019. Matthew Hennessy and Iain
Moyles (York University) ran
mini-symposium entitled “Mathematical
advances in lithium-ion batteries” where
15 speakers from 8 institutions across
the world spoke about their research.
Laura Saavedra (Madrid) and Rodolfo
Bermejo (Madrid) also ran the
mini-symposium “Mathematical and
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Matthew G. Hennessy1 , Andreas Münch1 ,
and Barbara Wagner2
1

Mathematical Institute, University of
Oxford, UK
2
Weierstrass Institute Berlin, Germany
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Computational
Finance and Energy
Markets
The ECMI Special Interest Group Computational Finance and Energy
Markets was launched at ECMI-2014 in Taormina (June 9–13, 2014) and
(together with the ITN STRIKE Project) organized several sessions of a
minisymposium in Computational Finance. Since ECMI-2016 in Santiago
de Compostela the focus was extended to also include Energy Markets.
The aim of the SIG is to extend the network and to build a framework to
continue close cooperation in future. It also provides a long term
professional contact option for Alumni of ITN-STRIKE.
In 2019 the SIG was active at the ICCF Conference in A Coruña, Spain.

Purpose

applications in nancial industry.

At ICCF 2019, the international conference
on computational nance, Matthias
Ehrhardt was member of the scienti c
committee and the Special Interest Group
on Computational Finance and Energy
Markets organized a minisymposium
Computational Methods for Finance and
Energy Markets. We brought together four
speakers from academia.
The speakers did come from the University
of Southern Denmark (Odense), University
of Toronto, University of Antwerp and
University of Sussex.
The computational complexity of
mathematical models employed in nancial
mathematics has witnessed a tremendous
growth. Advanced numerical techniques are
imperative for the most present-day

The aim of this minisymposium was to
present most recent developments of
effective and robust numerical schemes for
solving linear and nonlinear problems
arising from the mathematical theory of
pricing nancial derivatives and
commodities and related nancial products.
These approaches vary in departing directly
from the system of stochastic differential
equations (SDEs, involving SABR dynamics)
to approaches for the derived partial
differential equations (PDEs). The SDE group
focusses on fast Monte-Carlo methods
involving multilevel price estimation of jump
diffusion driven assets and multi-step spline
schemes for backward stochastic
differential equations. E ciently modeling
stochastic correlation is a hot topic. The PDE
group discussed e cient nite difference
methods (high-order schemes with
stochastic volatility and jumps in return).

ECMI Special Interest Groups (SIGs)
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Typical topics addressed at ECMI-2018 were
price modeling for the German secondary
balancing power market, gas prices
dynamics, Heston stochastic local volatility
model in commodity markets, coupling
reserve allocation and renewals, proxy
hedging of bunker fuel.

Unlike the credit risk for a loan, when only
the lending banking organization faces the
risk of loss, counterparty exposure creates a
bilateral risk of loss. The future market value
of the exposure and the counterparty’s
credit quality are uncertain and may vary
over time as underlying market factors
change. Standard credit risk models cannot
explain the observed clustering of default,
sometimes described as "credit contagion".
Counterparty risk is a potential channel of
credit contagion, and its modelling needs
complex approaches. Regulators try to

Collaborate and Cooperate
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o
o
o
o

"Counterparty exposure has become the
key element of nancial risk management,
highlighted by the bankruptcy of the
investment bank Lehman Brothers and
failure of other high pro le institutions such
as Bear Sterns, AIG and Fannie Mae.

At the regularly-held biennial ICCF
Conferences (2015, 2017, 2019) and at
the ECMI Conferences special
SIG-Meetings are held.
The resubmitted EU-proposal EID
CONFIRM involves several SIG-members.

Projects
Matthias Ehrhardt is leader of the
bilateral German- Portuguese Project
FRACTAL – FRActional models and
CompuTationAL Finance, nanced by
DAAD (01/2019-12/2020)
He is member of the bilateral GermanHungarian Project CSITI – Coupled
Systems and Innovative Time Integrators,
nanced by DAAD (01/2019-12/2020)
He is leader of the bilateral GermanSlovakian Project MATTHIAS – Modelling
and Approximation Tools and
Techniques for Hamilton-Jacobi-Bellman
equations in nance and Innovative
Approach to their Solution, nanced by
DAAD (01/2020-12/2021)
Carlos Vazquez & Kees Oosterlee: EID
ABC-EU-XVA – Valuation Adjustments for
Improved Risk Management
(11/2018-10/2022) https://www.narcis.nl/
research/RecordID/OND1365738
o

The SIG will look for opportunities for new
projects in both directions, Computational
Finance and Energy Markets, in the coming
years (ETN, EID, and EJD). This also covers
the important aspect in modeling Financial
Risk. The Special Interest Group is open for
further participation.
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Activities

o

Opportunities

mitigate counterparty risk by increasing
capital reserve requirements. A more
market-conform solution is Credit Valuation
Adjustments (CVAs), when the price an
investor requires for a product is reduced in
the trade with a defaultrisky counterparty as
opposed to a default free one. However,
various approaches, going beyond CVA also
appear in the literature, but they slowly gain
acceptance in the nancial industry."

o

In the recent years we observe an increasing
interest in mathematical methods for
energy markets as well. The rapid changes
in energy trading within the last two
decades have attracted many researchers in
academia and industry. Their aim is to
adequately model energy prices and
typically also to design methods and
guidelines for risk management challenges.

Rafa Weron (University of Wroclaw,
Poland): Investigating Market Microstructure and shOrt-term pRice fore-
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casTing in intrA-day eLectricity markets
https://www.ii.pwr.edu.pl/~rweron/Grant

BIRS Workshop, Banff Research Centre, Sep 22-27, 2019.

MS Computational Methods for Finance
& Energy Markets at ECMI 2018 Conf.,
June 18-22, 2018, Budapest, Hungary.

Mini-Symposia / Workshops Planned

MS Computational Methods for Finance
and Energy Markets, ICCF 2019 – 3rd
Internat. Conference on Computational
Finance, July 8-12, 2019, A Coruña, Spain.

o

MS Novel Methods in Computational
Finance at the Seventh Conference on
Finite Difference Methods: Theory and
Applications, June 11-16, 2018, Lozenetz,
Bulgaria.

o

MS Numerical Methods for Backward
Stochastic Differential Equations, ICIAM
2019 – 9th Int. Congress on Industrial
and Applied Mathematics, July 15-19,
2019, Valencia, Spain.
BIRS Workshop New Challenges in
Energy Markets – Data Analytics,
Modelling and Numerics, Sep 22-27,
2019, Banff Research Centre, Canada
(Organizers: M. Coulon, C. Vazquez, T.
Ware).

o

o

ICCF Conference, Universidade da Coruña, July 8-12, 2019.

o

o

o

o

o

Mini-Symposia / Workshops Done

MS Computational Methods for Finance
and Energy Markets at ECMI 2020
Conference, June 22-26, 2020, Limerick,
Ireland.
MS Computational Methods for Finance
and Energy Markets at ALGORITMY 2020
– Conference on Scienti c Computing ,
September 10-15, 2020, Vysoke Tatry,
Podbanske, Slovakia.
ICCF 2021 – 4th International Conference
on Computational Finance, May 24-28,
2021, Wuppertal. ICCF 2023 is already
scheduled for Dublin, Ireland.
Lorentz Center Workshop Applied
Mathematics Techniques for Energy
Markets in Transition, Sep 2021 Leiden,
The Netherlands.

Matthias Ehrhardt and E. Jan W. ter Maten
Bergische Universität Wuppertal, Germany
http://www-amna.math.uniwuppertal.de/ecmi-sig-cf/
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Mathematics for
Big Data
Purpose
The availability of huge amounts of data is
often considered as the fourth industrial
revolution we are living right now. The
increase in data accumulation allows us to
tackle a wide range of social, economic,
industrial and scienti c challenges. But
extracting meaningful knowledge from the
available data is not a trivial task and
represents a severe challenge for data
analysts. Mathematics plays an important
role in the existing algorithms for data
processing through techniques of statistical
learning, signal analysis, distributed
optimization, compress sensing etc.
The amounts of data that are available and
that are going to be available in near future
call for signi cant efforts in mathematics.
These efforts are needed to make the data
useful. The main challenges we consider
within this SIG are, roughly speaking, in the
area of mathematical optimization and
statistics.

Opportunities
Minimization of a cost function, based on
large amount of data is a typical problem in
all big data areas – like smart agriculture,
energy e ciency, computational biology,
high tech or digital industries, material
design, social networks analysis, challenge
in policy decisions based on data, risk
assessment in nance, security, natural
disasters, personalized medicine, etc. The
challenges in these areas, mathematically
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speaking are design of algorithms that will
be able to process huge amounts of data
within a reasonable time span and with
computer power that is widely available
today. Two important issues are distributed
optimization and privacy issues. Several EU
documents cite privacy of data as an
important question that is to be resolved.
On the other hand, distributed optimization
allows us to employ optimization
techniques in parallel, at several different
computers placed in networks of different
types. On another hand, extraction of
meaningful information from data is one of
the main tasks of Statistics. In presence of
big data the most part of the usual
techniques for statistical analysis can not
easily been applied, since they are based on
the simultaneous processing of the whole
dataset. A big effort has been made during
these years, mainly by computer scientists,
to nd fast and scalable procedures that
have become popular in presence of
distributed architectures (like e.g. the well
known MapReduce paradigm).
Unfortunately in many situations such
procedures can not be applied to solve
statistical problems in a distributed way, or
they work under too much restrictive and
thus unrealistic conditions. The deepening
of the mathematical insight in this context
may help to better understand the
theoretical and applied power of the new
algorithms and to extend them to more
realistic cases. Sometimes data are “big”
because of their high dimensionality and
space-time structure (think e.g. to satellite
images, signals registered by sensors or

ECMI Special Interest Groups (SIGs)

o

Activities
The MSC-ITN-EID European project
BIGMATH funded by the EU (grant
number 812912) is running since
October 2018. The project, coordinated
by Universitá degli Studi di Milano,
includes other 3 academic centres (IST
Lisbon, TU-Eindhoven, University of Novi
Sad) and 6 SMEs. Seven PhD students
have been recruited, who are working on
Big Data related with industrial
mathematical problems spanning many
elds of application (see
http://itn-bigmath.unimi.it/).

o
o
o
o
o

The aim of this Special Interest Group is to
collect people working on the themes
described above, coming both from
academy and from “industry” (to be
intended in a wide sense) to favor scienti c
collaboration and research, by organizing
common activities.

A kickoff workshop to present BIGMATH
and its activities was held in Milan on
March 11, 2019.
Three PhD courses on Large scale linear
algebra (Milan, March 2019), Stochastic
geometric techniques (Milan, July 2019),
Data mining for Big Data (Lisbon,
October 2019) have been held during
2019. Such courses are related with the
BIGMATH project, have been offered by
the 4 academic partners, who are also
members of the SIG.
Two minisymposia, one of the SIG and
one of the BIGMATH project, have been
organized during the conference ICIAM
2019, Valencia, July 15-19, 2019.

Planned activities for 2020

o

antennas, etc.). In such cases suitable
mathematical techniques for dimensionality
reduction are needed both for data
visualization and for their numerical
treatment. Functional Statistics, that is a
eld in which a lot of research is
concentrating nowadays, may help in facing
this task. In other contexts data are
considered “big” because of their complexity
or heterogeneity (e.g. data extracted from
social networks with text mining, mixed to
socioeconomic data for marketing
purposes; or data highly interrelated which
may be represented by complex graphs, like
atoms and bounds in a protein,
relationships between users of a social
network, etc.). Sentiment analysis and
Topological Data Analysis are new statistical
elds of research, still under development,
which may help to tackle the problem of
analyzing such data.

A minisymposium of the SIG is planned
at the conference ECMI 2020, Limerick,
June 2020
The 4th PhD BIGMATH advanced course
will be organized in Novi Sad, in January
2020
A mid term workshop of the BIGMATH
project will be organized in Milan in fall
2020, where some keynote international
speakers will be invited to participate.

Coordinators:
Natasa Krejic, University of Novi Sad
Alessandra Micheletti, Università degli Studi
di Milano
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Shape and Size in
Medicine,
Biotechnology and
Materials Science
Purpose
Thanks to the development of information
technologies, the last decade has seen a
considerable growth of interest in the
mathematical and statistical theory of shape
and its application to many and diverse
scienti c areas. Often the diagnosis of a
pathology, or the description of a biological
process mainly depend on the shapes
present in images of cells, organs, biological
systems, etc. However, mathematical
models that relate the main features of
these shapes to the correct outcome of the
diagnosis, or to the main kinetic parameters
of a biological system are not yet present. In
materials science, optimisation for quality
control, texture description and prediction,
. . . require methods of mathematical
morphology.

biotechnology and materials science. We
deal with direct and inverse problems.
Among direct problems, spatio-temporal
pattern formation analyzes how patterns
are created and developed in biology,
medicine and materials science. Modeling,
numerical simulation and analyses of the
corresponding systems are tasks of
paramount importance for direct problems.
Among inverse problems, we study various
statistical techniques of shape analysis to
measure in a quantitative way the random
variability of objects; recent methods of
image analysis include optical imaging of
objects in turbid media, which can be used
as a non-invasive technique for the
detection of tumors in the body.

Activities
Main foreseen activities:
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o

From the mathematical point of view, shape
analysis uses a variety of mathematical tools
from differential geometry, geometric
measure theory, stochastic geometry, etc.
Quite recently, instruments from algebraic
topology have been introduced for shape
description, giving rise to a new eld of
research called Topological Data Analysis.
As far as applications are concerned, the
members of the SIG emphasize here topics
which are relevant in medicine,

o

o

Opportunities

3 Minisymposia on Pattern Formation in
nano and biomaterials, in SIAM
Conference on Mathematical Aspects of
Materials Science (MS20), Bilbao, Spain,
18-22 May 2020.
Minisymposium on the SIG topics in the
21st ECMI Conference, Limerick, Ireland,
22-26 June 2020.
Workshop in Paris to coordinate
application to Marie S. Curie ITN network,
Fall 2020, precise date to be decided.

ECMI Special Interest Groups (SIGs)
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energetic applications (fuel cells).

Coordinators: Jesus Angulo (Mines
ParisTech, France),
Luis L. Bonilla (Universidad Carlos III de
Madrid, Spain)
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Implantable
Devices and Drug
Delivery Systems
The year 2019 was a quiet year in terms of events but a signi cant year in
terms of the direction of the SIG, with the scope widenining and the title
changing. A number of events are planned for the new-look SIG in 2020.

This SIG was originally named “Advancing
the Design of Medical Stent” and was
launched at a workshop at the University of
Limerick in 2015. In recognition of the fact
that stent development shares many
challenges and opportunities with other
implantable devices and drug delivery
systems, the scope of the SIG was widened
in 2019 and renamed to “Implantable
Devices and Drug Delivery Systems”.

SIG Purpose
Mathematical modelling is playing an
increasingly important role in the eld of
medicine through the use of models and
simulations. These represent a useful tool
to complement theoretical and
experimental work and have the potential
to inform personalized approaches for
treatment. In this Special Interest Group we
focus on the development of mathematical
models and tools to assist with the design
and understanding of implantable devices
and drug delivery systems.
Implantable devices are designed to
replace, support or enhance a
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damaged/diseased biological structure. The
challenge is to create a biocompatible
implant that possesses the required
structural and material properties
depending on target location in the body.
These implants have traditionally been
permanent, but a new wave of devices has
emerged with complex biodegradable
properties, opening the door to the
development of new mathematical models
and tools.
Controlled drug delivery systems have
become common in the clinic. These
systems combine a platform or carrier with
a drug in such a way that the drug is
e ciently released to a target tissue or
organ, while maintaining the drug
concentration within a therapeutic window.
Whilst many such devices have achieved
successful results clinically, there remain a
number of scienti c and technological
challenges and an opportunity for further
ne-tuning and optimization. Addressing
these challenges requires a
multi-disciplinary approach.
The challenging problems in this area

ECMI Special Interest Groups (SIGs)

o

o

o

to provide a platform to co-ordinate
research efforts and help expedite the
development of novel implantable
devices and drug delivery systems;
to provide a forum for multidisciplinary
interaction between academics, clinicians
and industry;

o
o

require an international and
interdisciplinary team of mathematicians,
engineers, life scientists, clinicians and
industry. The aims of the SIG are:

The organisation of a mini-symposium at
ECMI 2020 in Limerick in June;
The organisation of a workshop on
Mathematical Modelling and Control for
Healthcare and Biomedical Systems in
Rome in September.

Those interested in becoming more
involved in the SIG and these activities
should contacti the author
(sean.mcginty@glasgow.ac.uk).

To utilize our position of strength to
leverage funding at a European level.

SIG co-ordinators
The new-look SIG continues to be
co-ordinated by Dr Sean McGinty (University
of Glasgow, Scotland), with Dr. Giuseppe
Pontrelli (IAC-CNR, Rome, Italy) taking up the
second co-ordinator role vacated by Dr Tuoi
Vo in 2019. We thank Dr Vo for her
contribution, especially in helping to set up
the original SIG in 2015.

Funding Success
Several members of the SIG were recently
successful in securing a major £1.6 million
funding award from the Engineering and
Physical Sciences Research Council. The
International Centre-to-Centre project,
named sofTMechM P , brings together the
University of Glasgow (Scotland), Politecnico
di Milano (Italy) and Massachusetts Institute
of Technology (US) and tackles the
development of mathematical models that
predict soft tissue mechanics across
subcellular to whole organ scales during
disease progression.

Forthcoming Activities
The new-look SIG has proposed two key
activities for 2020:

Sean McGinty
(sean.mcginty@glasgow.ac.uk)
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Net Campus for
Modelling
Education and
Industrial
Mathematics
Purpose
The ECMI Special Interest Group Net
Campus for Modelling Education and
Industrial Mathematics was launched
following initiatives taken by ECMI’s
Educational Committee. The aim of the SIG
is to coordinate the activities at the various
ECMI centers in the eld of online and
digital education.

Purpose
The ECMI educational committee has taken
virtual education and web-supported
solutions as one of its target areas to
complement the other strategic areas like
ECMI curriculum development, modeling
weeks, mobility of students & staff etc.
The expertise in industrial mathematics is
dispersed at small nodes. Online
environments are a viable media to pool
together the relevant updated knowledge
and provide access to such course material
and support innovative processes, training
and educational needs.
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To serve the key objectives of ECMI - to
cooperate on European scale and promote
the education of industrial mathematics we
envisage to build a European digital
environment and web–portal for applied
mathematics and related courses. Such
environment will be suitable for students in
applied mathematics and engineering
programs in advanced BS and MS level as
well as for persons who are already in their
working life and are looking for continuing
education and professional development. A
remote access course portal can be a big
factor in double degree programs when
students entering a program from abroad
can work on certain courses in advance.
Such resource will be especially important in
exchange projects with developing
countries.

Pilot Online Course
The pilot example was “ECMI Modelling
Course” was launched in 2017. The course
was placed at LUT Moodle platform and
attracted 60 students. The course is open
for interested institutions to join and
increase the existing numbers of

ECMI Special Interest Groups (SIGs)

participants and problems portfolio. The
German “Stifterverband” -foundation
rewarded Robert Rockenfeller, the
coordinator and one of the initializers of the
course, with the "Ars
Legendi-Fakultätenpreis”, a price for
excellent teaching in tertiary institutions.
Our group has communicated by email and
skype sessions. We will organized a
Minisymposium at ECMI 2020 in Limerick.

The goal: ECMI e-learning
Environment
Our intention to grow and implement more
content to the platform has been
unfortunately slow. The vision and
medium-term goal of the SIG is to develop
eventually a set of courses, a portal, virtual
course portfolio, e-learning environment for
IM, which would be emerging from various
ECMI-nodes, authored by colleagues from
our SIG. New members to our SIG would
also be welcome.
We have promoted the action by suggesting
a “seed money incentive”. A modest funding
of incentive-grants would allow to invite the
ECMI nodes to send suggestions for course
topics and 2-page concept as abstract for
the content. The attempts to identify a
sponsor for the initial stage has not
succeeded so far. We would like open a call
of applications for “Seed money grants” that

the partners can apply for the purpose of
actual content production and transforming
course material into required
“semi-professional” format and style. Such a
seed money would be needed kick-start the
continuation of the project and be also an
incentive to look for local sources of
additional funding.
The aim is to search special topics of applied
mathematics that are (1) of fresh current
interest (2) are relevant for the MS and Phd
students in industrial mathematics and (3)
which are likely to raise interest also among
people working in various R&D sectors in
industry.
The strength of ECMI is in specialized topics
with high relevance to applications in
industry, development and innovation. We
see this challenge as a gradual stepwise
development. After implementing a modest
“Version 0.1” of a course there would be
steps of revision and improvement. At some
point an EU-proposal or an industrial
sponsor might be found.
Coordinators: Robert Rockenfeller,
University of Koblenz-Landau and Matti
Heiliö, Lappeenranta, Finland

Matti Heiliö
Lappeenanta University of Technology,
Finland
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About ECMI

7

Mission

o

o

o

Mathematics, as the universal language of the sciences, plays a decisive role in technology,
economics and the life sciences. European industry is increasingly dependent on mathematical
expertise in both research and development to maintain its position as a world leader for high
technology and to comply with the EU 2020 agenda for smart, sustainable and inclusive
growth. ECMI initiatives in response to these needs may be summarized as follows:
ECMI advocates the use of mathematical modelling, simulation, and optimization in industry
ECMI stimulates the education of young scientists and engineers to meet the growing
demands of industry
ECMI promotes European collaboration, interaction and exchange within academia and
industry

o

o

o

o

o

o

o

o

Executive board
Adérito Araújo, President

University of Coimbra
Natas̆a Kreji , Vice-President
University of Novi Sad
Poul G. Hjorth, Executive Director and Secretary
Technical University of Denmark, Kgs. Lyngby
Dietmar Hömberg, Past-President
Weierstrass Institute & TU Berlin
Thomas Götz, Treasurer
University Koblenz-Landau
Cláudia Nunes, Chair Educational Committee
University of Lisbon
Wil Schilders, Chair Research & Innovation
Committee
Eindhoven University of Technology
Stephen o’Brien, ECMI Representative in
EU-MATHS-IN board
University of Limerick
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Countries participating in ECMI

DENMARK

ISRAEL
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Institutional
members
Austria
Institut für Industriemathematik
Johannes Kepler Universität
Contact Person Ronny Ramlau

Institute for Analysis and Scienti c
Computing
Vienna University of Technology
Contact Person Jens Markus Melenk

Computational Science Center, Faculty of
Mathematics
University of Viena
Contact Person Otmar Scherzer

Department of Mathematics
Leopold-Franzens-Universität Innsbruck
Contact Person Richard Kowar

Bulgaria
Faculty of Mathematics and Informatics
So a University “St. Kliment Ohridski”
Contact Person Mikhail Krastanov
Institute of Mathematics and Informatics
Bulgarian Academy of Sciences
Contact Person Neli Dimitrova
Institute of Information and
Communication Technologies
Bulgarian Academy of Sciences
Contact Person Svetozar Margenov
Faculty of Mathematics, Informatics and
Information Technology
Plovdiv University
Contact Person Anton Iliev
Faculty of Applied Mathematics and
Informatics
Techical University of So a
Contact Person Michail Todorov

Croatia
MathConsult GmbH
Contact Person Andreas Binder

Department of Mathematics
University of Osijek
Contact Person Domagoj Matijevic
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Denmark
Department of Applied Mathematics and
Computer Science
Technical University of Denmark
Contact Person Mads Peter Sørensen
Institute of Mathematics
Aarhus University
Contact Person Hans Anton Salomonsen
Department of Mathematical Sciences
Aalborg University
Contact Person Arne Jensen
Center for Energy Informatics, The
Mærsk Mc-Kinney Møller Institute
University of Southern Denmark
Contact Person Christian T. Veje

Estonia
Institute of Mathematics and Statistics
University of Tartu
Contact Person Peep Miidla
Department of Cybernetics
Tallinn University of Technology
Contact Person Jaan Janno

Finland
Department of Mathematics and
Statistics
University of Helsinki
Contact Person Mats Gyllenberg
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Department of Mathematics
Tampere University of Technology
Contact Person Simo Ali-Löytty
Department of Mathematics and
Systems Analysis
Aalto University
Contact Person Juha K. Kinnunen

France
Department Génie Mathématique
Laboratoire de Mathématiques, INSA de
Rouen
Contact Person Natalie Fortier
École des Mathématiques Appliquées,
UFR IM2AG
Universitè Joseph Fourier
Contact Person Georges-Henri Cottet
CMM - Centre de Morphologie
Mathèmatique
Mathématiques et Systèmes, MINES
Paristech
Contact Person Jesús Angulo
Unité de Formation Mathématiques et
Intéractions
Université Bordeaux 1
Contact Person Jean-Jacques Ruch
AMIES
CNRS AMIES - UMS 3458
Contact Person Véronique
Maume-Deschamps

Department of Mathematics and Physics
Lappeenranta University of Technology
Contact Person Matti Heiliö

IRMA - Dept. of Mathematics and
Computer Science
University of Strasbourg
Contact Person Christophe Prud’homme

Department of Mathematical
Information Technology
University of Jyväskylä
Contact Person Pekka Neittaanmäki

Laboratoire Informatique d’Avignon
Université d’Avignon et des Pays de
Vaucluse
Contact Person Rosa Figueiredo
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Germany

Contact Person Michael Günther

Aerodynamic Institute RWTH
University of Aachen
Contact Person Michael Klaas

Institut für Mathematik, Fakultät II Mathematik und Naturwissenschaften
TU Berlin
Contact Person Dietmar Hömberg

AG Technomathematik
TU Kaiserslautern
Contact Person Axel Klar
Department of Mathematics
University of Trier
Contact Person Volker Schulz
Institut für Mathematik II
Freie Universität Berlin
Contact Person Ralf Kornhuber

Fraunhofer Institut für Techno- und
Wirtschaftsmathematik
ITWM
Contact Person Markus Pfeffer
Technische Universität Berlin
Forschungszentrum MATHEON
Contact Person Elisabeth Asche
Mathematical Institute
University Koblenz-Landau
Contact Person Thomas Götz

Institut für Industriemathematik
Universität Paderborn
Contact Person Andrea Walther

IWR
Universität Heidelberg
Contact Person Hans Georg Bock

Department of Mathematics, Institute of
Analysis
Technische Universität Dresden
Contact Person Stefan Siegmund

Technische Universität Darmstadt

Fakultät für Mathematik
Technische Universität Chemnitz
Contact Person Kerstin Seidel

Institute of Mathematics
Eötvös Loránd University
Contact Person Andrá Bátkai

Department Vehicle System Dynamics
(FAZ), Robotics and Mechatronics Center
(RMC)
German Aerospace Center (DLR)
Contact Person Andreas Heckmann

MTA SZTAKI
Hungarian Academy of Sciences
Contact Person László Gerencsér

Forschungsverbund Berlin e. V.
Weierstrass Institute for Applied Analysis
and Stochastics (WIAS)
Contact Person Michael Hintermüller
Angewandte Mathematik und
Numerische Analysis, Fakultät für
Mathematik und Naturwissenschaften
Bergische Universität Wuppertal

Contact Person Sebastian Schöps

Hungary

Institute of Mathematics
Budapest University of Technology and
Economics
Contact Person Róbert Horváth
Bolyai Institute
University of Szeged
Contact Person Gergely Röst
Széchenyi István University
Contact Person Zoltán Horváth
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Ireland

Contact Person Giovanni Russo

Department of Mathematics and
Statistics
University of Limerick
Contact Person Stephen O’Brien

Dipartimento di Informatica
Università di Verona
Contact Person Giandomenico Orlandi

School of Mathematics, Statistics,
Applied Mathematics
National University of Ireland, Galway
Contact Person Martin Meere
School of Mathematics and Statistics
University College Dublin
Contact Person Miguel D. Bustamante

Israel
Technion
Israel Institute of Technology
Contact Person Nir Gavish
Department of Mathematics
Braude College
Contact Person Aviv Gibali

Italy
Dipartimento di Matematica e
Informatica “Ulisse Dini”
Università di Firenze
Contact Person Giuseppe Anichini
Dipartimento di Matematica
Università degli Studi di Milano
Contact Person Alessandra Micheletti
Instituto per le Applicazioni del Calcolo
“Mauro Picone”
CNR - Consiglio Nazionale delle Ricerche
Contact Person Roberto Natalini
Dipartimento di Matematica e
Informatica
Università di Catania
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MOX, Department of Mathematics
Politecnico di Milano
Contact Person Luca Formaggia
Dipartimento Matematica e Informatica
Università degli Studi di Ferrara
Contact Person Massimiliano Mella

Lithuania
Faculty of Mathematics and Natural
Sciences
Kaunas University of Technology
Contact Person Rūta Sutkutė

Norway
Department of Mathematical Sciences
Norwegian University of Science and
Technology
Contact Person Helge Holden
SINTEF Digital
SINTEF AS
Contact Person Knut-Andreas Lie
Norwegian Computing Center
Contact Person Lars Holden

Poland
Institute of Applied Mathematics and
Mechanics
University of Warsaw
Contact Person Andrzej Palczewski
Faculty of Pure and Applied Mathematics
Wroclaw University of Science and
Technology
Contact Person Krzysztof Burnecki

Portugal
CMUC - Centre for Mathematics
University of Coimbra
Contact Person Adérito Araújo
Mathematics Department
Universidade de Lisboa (IST)
Contact Person Cláudia Nunes Philippart
Centro de Matemática da Universidade
do Porto
Universidade do Porto - Faculdade de
Ciências
Contact Person João Nuno Tavares
Center in Digitalization and Intelligent
Robotics, Escola Superior de Tecnologia e
Gestao
Instituto Politecnico de Braganca
Contact Person Anna Pereira
Centre for Rapid and Sustainable Product
Development
Polytechnic of Leiria
Contact Person Paula Pascoal-Faria

Romania
Faculty of Computer Science
“Alexandru Ioan Cuza” University of Ia i
Contact Person Corina Forascu

Russia
Peter the Great St. Petersburg
Polytechnic University
Contact Person Dmitry Arseniev
Faculty of Mathematics, Mechanics and
Computer Science
Southern Federal University
Contact Person Konstantin Nadolin
Faculty of Science
RUDN University
Contact Person Vladimir Mikhailovich
Savchin

Serbia
Department of Mathematics and
Informatics, Faculty of Natural Sciences
and Mathematics
University of Novi Sad
Contact Person Natasa Krejic

Slovenija
Department of Mathematics, Faculty of
Mathematics and Physics
University of Ljubljana
Contact Person George Mejak

Spain
Red Española Matemática-Industria
Red math-in.net
Contact Person Peregrina Quintela
Gregorio Millán Institute for Fluid
dynamics, Nanoscience & Industrial
Mathematics
Universidad Carlos III de Madrid
Contact Person Luis L. Bonilla
Department de Matemàtiques
Universitat Autònoma de Barcelona
Contact Person Susana Serna
Departamento de Matemática Aplicada,
Facultade de Matemáticas
Universidade de Santiago de Compostela
Contact Person Patricia Barral Rodiño
Facultad de Ciencias Matemáticas
Universidad Complutense de Madrid
Contact Person Javier Montero
Centre de Recerca Matemática
CRM
Contact Person Lluis Alsedá
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Research Group Nonlinear Dynamics and
Stability in Aerospace Engineering
Escuelta Tecnica Superior de Ingenieros
Aeronauticos, Madrid
Contact Person Jose Sanchez

Department of Applied Mathematics
Universidad de Valladolid
Contact Person Angel Duran

Basque Center for Applied Mathematics
BCAM
Contact Person Lorea Gómez

Switzerland

Seminar for Applied Mathematics
ETH Zürich
Contact Person Ralf Hiptmair

School of Engineering
Zurich University of Applied Sciences
Contact Person Dirk Wilhelm

The Netherlands
Instituto de Matematicas (IMUS)
Universidad de Sevilla
Contact Person Director

Facultat de Matemàtiques i Estadística
Universitat Politècnica de Catalunya
Contact Person Jaume Franch Bullich

Mathematical Institute
Utrecht University
Contact Person Jason Frank

Sweden
Fraunhofer - Chalmers Research Centre
for Industrial Mathematics
FCC
Contact Person Johan Carlson

Centre for Mathematical Sciences
Lund University of Technology
Contact Person Eskil Hansen

Department of Mathematical Sciences
Chalmers and Göteborg University
Contact Person Bernt Wennberg

Department Engineering and Sustainable
Development
Mid Sweden University
Contact Person Anders Holmbom
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Computing Science
TU Eindhoven
Contact Person Martijn J.H. Anthonissen
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Department of Applied Mathematical
Analysis
Faculty of Information Technology and
Systems
Contact Person A.W. Heemink

Center for Mathematics and Computer
Science
CWI
Contact Person Kees (C.W.) Oosterlee

4TU Applied Mathematics Institute
(4TU.AMI)
p/a Delft University of Technology
Contact Person Kees Vuik

UK

Ukraine

Department of Mathematics
Heriot-Watt University
Contact Person Andrew Lacey

Faculty of Applied Mathematics
National Technical University of Ukraine
Contact Person Oleg Chertov

Department of Mathematics and
Statistics
University of Strathclyde
Contact Person Anthony J. Mulholland

(June 2020)

Mathematical Sciences
University of Southampton
Contact Person Chris Howls
Smith Institute
Contact Person Robert Leese
OCIAM Mathematical Institute
University of Oxford
Contact Person Andreas Muench
Division of Theoretical Mechanics, School
of Mathematical Sciences
University of Nottingham
Contact Person John R. King
School of Mathematics
University of Manchester
Contact Person Geoffrey Evatt
Department of Mathematics
University of Surrey
Contact Person Philip J. Aston
Departmental Operations Manager,
Department of Mathematics
Imperial College London
Contact Person Richard Jones
Department of Mathematical Sciences
University of Bath
Contact Person Apala Majumdar
School of Mathematics
Cardiff University
Contact Person Katerina Kaouri
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ECMI Mission
Mathematics, as the universal language of the sciences,
plays a decisive role in technology, economics and the life
sciences. European industry is increasingly dependent on
mathematical expertise in both research and development
to maintain its position as a world leader for high
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technology and to comply with the EU 2020 agenda for
smart, sustainable and inclusive growth. ECMI initiatives in

o

response to these needs may be summarized as follows:
ECMI advocates the use of mathematical modelling,

o

simulation, and optimization in industry
ECMI stimulates the education of young scientists and
engineers to meet the growing demands of industry
o

i

i

ECMI promotes European collaboration, interaction
and exchange within academia and industry
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