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Editorial

1

Dear Colleagues,
the ECMI year 2021 started with the Virtual ECMI conference organised by the University of
Wuppertal. At the beginning of 2022, we are slowly getting free of COVID restrictions, we are
travelling more and more and meeting each other in person. The present ECMI Annual Report
re ects this development, showing that the ECMI community is coming back to a new normal
with a lot of virtual and hybrid events, but also with many mathematical meetings in presence.
More than a mere recount of what happened in ECMI during the last year, the ECMI Annual
Report is a means of showcasing the breadth of activities in industrial and applied
mathematics of the ECMI scienti c community. The present ECMI Annual Report describes
mostly activities of the year 2021, but it was written in the rst half of 2022. Because events
occurred one year ago or longer may loose novelty and interest for the readers, we have
decided to include also some articles about more recent activities from the rst part 2022.
We hope this issue of the ECMI Annual report will be interesting reading both for the
organisers of the activities and initiatives, for the participants of all the events here described
and for the ECMI community at large.
We would like to thank all the authors of this issue, and acknowledge the help of Davide Murari
and Andrea Leone for editing this issue of the Annual Report.
Elena Celledoni,
Department of Mathematical Sciences, NTNU,
July 2022
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Welcome from
the President

2

Dear colleagues,
Let me start my rst welcome message as the ECMI president with sincere hopes for better
time. Another year marked with COVID-19 is behind us. Although the vaccines provided
temporary relief and hope for return to normal life, we are still forced to adapt to the
new-normal. During the pandemic the role of science became more clear and important in the
eyes of governments and the general public, and we can be proud of the role mathematicians
play in different advisory bodies and research teams.
ECMI continued with on-line activities in 2021, trying to keep the spirit and level of engagement
in di cult circumstances, in particular our networking efforts and student-related activities.
Our conference was a successful on-line event, due to the efforts of the Bergische Universität
Wuppertal and attracted more than 350 participants. During the conference we established a
closer cooperation with Asia-Paci c Consortium for Mathematics in Industry, a group of
industrial mathematicians from India and a group from Africa. The Anile and Wacker prize
winners were announced at the conference and the proceedings of the conference are in
preparation.
Editorial activities were focused on the Journal of Mathematics in Industry, in particular the
special issue devoted to COVID modelling is published with 10 papers. Two new books also
appeared in the ECMI Springer series. Our SIGs continued their activities mainly through EU
funded project and on-line seminars, while the Digital Twin SIG participated in the organisation
of the Kaiserslautern Applied and Industrial Mathematics Days.
Although the Modelling Week was cancelled, we had the second ECMI Student Competition on
modelling, COVID related topics. Several groups submitted their reports and the two winning
reports are invited to submit papers to our Journal. Two new teaching nodes are approved and
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we have two new members of ECMI from 2021.
A couple of European Study Groups with Industry are organised during this summer followed
by some virtual ESGs. An important development of this year is the new repository,
Mathematics in Industry Reports, developed by Cambridge University Press in close
cooperation with ECMI.
ECMI is continuing its activities and cooperation with other organisations like EMS, through
Committee for Applied and Interdisciplinary Activities, ICIAM and EU-MATHS-IN for the bene t
of mathematical community in Europe.
Our plans for 2022 include return to normal, starting with a regular meetings of the Council
and other ECMI bodies in March 2022. Hoping that 2022 will be signi cantly different and
easier for all of us, I would like to encourage you to continue supporting ECMI activities and to
contact us with new ideas and initiatives. The main strength of our consortium is the spirit of
cooperation and diversity across Europe and we will do our best to continue with activities for
students, joint projects with industry and providing networking opportunities.
Natas̆a Kreji ,
ECMI President
February 2022
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Virtual ECMI 2021
Conference
The ECMI 2021 conference was held as an online conference hosted by the
Bergische Universität Wuppertal from April 13th to April 15th 2021. This
event was a replacement of the ECMI 2020 conference, that was planned
June 22-26, 2020, Limerick, Ireland and was canceled due to the pandemic.
The traditional elements of a biennial ECMI conference such as plenary
lectures, an Anile prize lecture, a Wacker prize lecture, lectures within
minisymposia as well as contributed talks were given using the Zoom
video conference system.
As usual we will publish a conference proceedings ’Progress in Industrial
Mathematics at ECMI 2021’, at Springer.

ECMI Conference Series
The series of European Consortium for
Mathematics in Industry (ECMI) conferences
are devoted to enforcing the interaction
between academy and industry, leading to
innovations in both elds. These events
have attracted leading experts from
business, science, and academia, and have
promoted the application of novel
mathematical technologies to industry. In
this respect, ECMI 2021 further enhanced
multidisciplinary research and development

10
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both in academia and industry, leading to
the formulation of challenging real-life
problems, where mathematics may provide
signi cant new insights and at the same
time may be inspired by those interactions.
The virtual ECMI 2021 conference with
nearly 350 participants was a very
successful event. We brought together
applied mathematicians and
representatives from industry in a very
e cient and compact way. Finally, this lead
to 69 accepted contributed articles in the

Plenary Speakers

Nira Chamberlain, Loughborough
University
Andrea Bertozzi, University of California
Los Angeles
Elisabetta Rocca, University of Pavia
Carola-Bibiane Schönlieb, University of
Cambridge
Eddie Wilson, University of Bristol

It consists of a prize of 1.000 Euros and the
invitation to attend the ECMI 2021
conference presenting his/her project as a
plenary talk. The prize is awarded for the
best mathematical dissertation at the
Masters level on an industrial project.
Hansjörg Wacker Prize Awardees

Luis Nunes Vicente, Lehigh University
and CMUC-Portugal

o

Anna-Karin Tornberg, KTH Stockholm

o

Ginestra Bianconi, Queen Mary
University of London
William Lee, University of Hudders eld
Paul Dellar, University of Oxford

ECMI Prizes
The Anile-ECMI Prize for Mathematics in
Industry was established honouring
Professor Angelo Marcello Anile (1948-2007)
of Catania, Italy.
It consists of a prize of 2.500 Euros and an
invitation to give a plenary talk at the ECMI
2021 conference. The prize is given to a
young researcher for an excellent PhD
thesis in industrial mathematics.
Anile-ECMI Prize Awardee

o

Mark McGuinness, Victoria University of
Wellington

o

o

o

o

o

o

o

o

o

We scheduled 11 Plenary Talks, in fact the
same talks as planned for Limerick 2020:

The Hansjörg Wacker Memorial Prize was
established in memory of ECMI founding
member Hansjörg Wacker (1939-1991), who
was Professor of Numerical Mathematics at
the Johannes Kepler University, Linz.

o

ECMI Proceedings.

Halvor Snersrud Gustad (NTNU
Trondheim)
Using Arti cial Neural Networks for
Predicting Bending Moments of Riser
Structures
Jan Brekelmans (TU Eindhoven)
The volume-of- uid method applied to
vertical slug ow using an axial-symmetric
and a fully three-dimensional approach

Minisymposia
At ECMI 2021 we had 28 minisymposia (MS),
from which 7 were organized by a Special
Interest Group of ECMI. Four minisymposia
were related to the ongoing COVID19
pandemic. Due to the general relevance,
also to the public, these MS were scheduled
as ’open access’.
Also, two minisymposia were devoted to
European Industrial Doctorate (EID)
Networks, one was one EU-MATH-IN
network and one from the Asian Partner
Consortium. In addition, we organized 5
contributed talks sessions.

o

Technical Details
Bernadette Stolz (Oxford)
Global and local persistent homology for
the shape and classi cation of biological
data

The conference was run using the common
ZOOM online conferencing system (with a
special license from University of Wuppertal
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that respects the strict German data
protection law). Hereby, each session took
place in a virtual room assigned to a name
of an ECMI node with an assigned technical
assistant.
The conference website was generated and
maintained using the TYPO3 content
management system. The conference
administration of the participants and their
talks, but also their contributions to the
Proceedings including the reviewing process
was implemented using the ConfTool
system.
Finally, the virtual coffee breaks the online
board game tournament, the later designed
as an ice-breaking event were implemented
using Gather, a spatial video-chat world that
combines video calling with fun features in a
custom 2-D world.

Proceedings
The Proceedings of ECMI 2021 will be
published by Springer as part of the ECMI
book subseries of Mathematics in Industry.
As a token of appreciation, minisymposium
organizers will receive a printed copy of the
ECMI 2021 Proceedings.
As usual we will publish a conference
proceedings ’Progress in Industrial
Mathematics at ECMI 2021’, at Springer. This
book is already in the production process.

ECMI-2023 Conference
Please save the date for the next 22nd
ECMI-2023 Conference, June 26-30, 2023,
Wroc aw, Poland, see http://ecmi2023.org/.
Matthias Ehrhardt

As an outreach activity, selected plenary
talks and also the minisymposia talks
related to the COVID19 pandemic were
recorded and published on the ECMI
YouTube channel.

12
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Bergische Universität Wuppertal, Germany
http://www-amna.math.uniwuppertal.de/~ehrhardt/

Math Awareness
Book “Success
Formulas”
"Mathematics is like oxygen. If it is there, you do not notice it. If
it would not be there, you realize that you cannot do without."
- Lex Schrijver
In November 2021 Matthias Ehrhardt, Michael Günther and Wil Schilders
nished a book project on awareness of mathematics, called “Success
Formulas” (in german “Erfolgsformeln”).
This book aims to show a little of the mathematics we encounter every
day. It turns out that mathematics is present in sports, medicine and
weather forecasting, tra

c, and can even help solve murder cases.

The book also shows that mathematics is important in business, where it
often makes invisible contributions to visible successes. For example,
mathematics contributes to innovation in all cutting-edge sectors, it is a
so-called key enabling technology. In addition, nine prominent
representatives talk about the role of mathematics in their work and
personal lives.

How it started
The original idea came up in 2013 at the
Platform for Mathematics in the Netherlands, of which Wil Schilders is the director.
We felt it was necessary to show, especially
to secondary school students, what you can
do with mathematics, that you can become
a mathematics teacher after studying
mathematics, but that you can also go into
many other professions. In 2014, we
published the book "Success Formulas" and
have since distributed more than 15,000

copies. When Wil Schilders gave the book to
the rector of the University of Wuppertal,
Prof. Lambert Koch, he immediately said,
"We should have that in Germany, too.”
Matthias Ehrhardt and Michael Günther
were immediately enthusiastic, and so it
started.
We used this dutch version as a basis for
designing such a book for the Germanspeaking countries as well. From the very
beginning, we were keen to offer this book
free of charge. For us, education has no
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price and it should really be accessible to
everyone. Since no foundation wanted to
support us, we took over the nancing
ourselves.

Our mission
Our mission is to attract more students in
science courses, especially in mathematics.
More high school students should take
appropriate honours courses and hopefully
graduate with appropriate degrees later.
Our graduates have excellent, crisis-proof
job prospects, so studying mathematics is a
good choice. And of course we also want to
improve the public image of mathematics.
With this book, we want to show in a
low-threshold way how many areas of life
contain mathematics and how it often
makes the decisive difference. In many
applications, it is the "engine" that is
unfortunately often not very visible.
Michael Günther already had some
experience with marketing "success stories",
i.e. success stories of the use of
mathematical methods to solve problems in
business and services with new
mathematical approaches that are
otherwise unsolvable or that were
previously too expensive to solve, but that
was intended more for decision-makers in
politics and business. To be really
successful, however, we need to start earlier
in school, which is what the "success
formulas" are for. But we also need to do
some lobbying with our peers to show that
solving innovative problems in business and
services also drives the methodological
development of mathematics signi cantly,
i.e. it is not just a dull application of what is
known. That is the objective of a book
entitled "Novel Mathematics Inspired by
Industrial Challenges," which will soon be
published by Springer.
Our next step is an international version in
English. We have enlisted international
organization, such as ECMI and ICIAM, to
support this effort. We hope to be ready

14
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with it by the end of 2022. In the meantime,
a Danish translation is also in progress,
supported by the Danish Mathematical
Society and the Danish Gymnasium Math
Teacher Association. As you can see, our
project is making waves.

Wil Schilders, Michael Günther and Matthias Ehrhardt

Covered topics
In this book, we wanted to demonstrate that
mathematics is much more than pure
calculation, simple insertion of values into
formulas, solving puzzles, or discussing
curves. Mathematics is present in many
areas of our lives: it models and simulates
the course of the Corona pandemic, it
describes the effects and effectiveness of
vaccination strategies, it controls robots, it
optimizes production processes and tra c
ows, and much more.
Techniques such as "digital twins",
"autonomous driving", "drug design",
machine learning", etc. are increasingly
conquering the daily working world and the
demands on the technical and
mathematical understanding of employees
is constantly increasing. The crucial role of
mathematics here needs to be explained
more clearly in the future.
One challenge for mathematics are e.g.
enormously high-dimensional problems,
such as those that arise in drug design or
even in the "Human Brain Project". These
problems are too complex even for
supercomputers, and only mathematical

methods make these problems computable
in a reasonable amount of time.

The importance of mathematics
Mathematics is important in many areas
and is also urgently needed in our
increasingly complex society. In industry,
virtual design environments are increasingly
being used, made possible by
state-of-the-art mathematical methods. This
is referred to as "digital twins". Mathematics
is also of great importance in the eld of
arti cial intelligence: It is necessary to
understand why deep neural networks work
or do not work and how they can be made
more e cient. High-performance
computing places high demands on
mathematical methods, and a lot of
mathematics is also needed in the eld of
data science. Mathematics is also
indispensable in applications such as
climate change and the energy transition.
With this book we wanted to bring
mathematics to a wider audience. Many
people can’t imagine what exactly a
mathematician does for a living. It’s also
actually di cult to explain because it has
practically nothing to do with school
mathematics, "calculus", so to speak. It is
very important to create a certain culture, or
lobby, for mathematics. In the end, it is also
a small building block against the emerging
hostility towards science; that is precisely
why the rst 6 chapters are dedicated to the
COVID-19 pandemic.
That would actually be the task of the
school, to show mathematics as a key
technology of the 21st century, which
permeates all areas of our lives, but often
invisibly, and that is the problem. But that is
likely to be a mammoth task with a lot of
resistance. Our book is intended as an aid
for teachers and students with examples
from everyday reality to show the
importance of mathematics in various
areas. The hope is that one or the other

example will also make it into the lessons of
committed teachers. Initial feedback gives
us hope that this will be the case.
Mathematics is often invisible to many
people, yet it often makes a major
contribution to visible success. Mathematics
does not usually play the main role, but
without the underlying mathematics, the
success would not have been possible. We
think mathematicians should present
themselves better in public, be more visible
and show what they have achieved. That is
also one of the goals of this book.

How to get this book
If you would like to know more about this
book, visit the website
https://erfolgsformeln.uni-wuppertal.de/.
You will nd an overview of the
mathematicians who contributed to this
book, as well as further literature on the
individual chapters of this book. We have
given the individual chapters the three
levels of di culty: easy ’*’, medium ’**’,
di cult ’***’.
We hope you enjoy reading the chapters
and interviews in this book.

“We use mathematics every day.
To predict the weather, measure
time, conduct monetary
transactions. Mathematics is
more than just formulas and
equations. It is reason. With it,
our minds can solve the greatest
puzzles we know.”

(off-text Charlie Eppes in TV
series Numb3rs)

Matthias Ehrhardt
University of Wuppertal, Germany
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Building capacity in
applied
mathematics in the
Eastern Africa
region
We describe the role of long-term development and capacity building
efforts in mathematics in Africa by The International Science Program
(ISP) based at Uppsala University-Sweden and The Swedish International
Development Cooperation Agency (Sida). A special focus is on the
academia-industry-society interaction, the joint area of interest with
ECMI 2021 conference.

General background
Challenging problems of Eastern Africa
persist: infrastructure, food production and
agricultural practices, logistic chains, public
health and sanitation, environmental
hazards, energy scarcity. There is shortage
in technological development and training
of skilled workforce and science and
technology-based professions. Mathematics
education and research culture could have
an impact. Africa bene ts from connections
to the broader mathematics community.
There is obvious need for closer
communication with the Applied and
Industrial mathematics community. This
article reports about cooperation between
Eastern Africa and some Nordic
organizations. The focus being the Swedish
ISP and Sida operations. A prevailing

problem in African mathematics is weak
interaction with external world, industry,
business etc. The contribution of East Africa
in the world’s math publications is 0.01%
(IMU report). Enrolment in mathematics is
low and falling. Students do not see the use
of mathematics on graduation. The market
does not understand the employability of
mathematics graduates due to the lack of
linkages with external world and role
models of mathematicians solving societal
problems. Mathematics education needs an
upgrade and novel model of pedagogy, in
order to increase the impact, connection to
real-world applications and applied
sciences, engineering, and research
institutes from agriculture to public health
and logistics. These changes can be
achieved by interaction and outreach to
stakeholders, introduction of
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problem-based learner-centred educational
models, facilitating search of student
projects from industry and various sources,
increasing staff skills and capacity in
computational tools, data analysis,
simulation. There is obvious possibility for
increased collaboration between ECMI and
Eastern Africa.

ISP and its origin at Uppsala
International Science Programme ISP was
initiated by Uppsala University in 1961. The
leading objective was to “Build and
strengthen research and higher education in
low- and lower middle-income countries”,
re ecting a pioneering and de nite
commitment to global responsibility. The
program in mathematical sciences is
coordinated by Prof Leif Abrahamsson.
Since 1965 ISP gets over 90% of its funding
from the Swedish International
Development Cooperation Agency, Sida. In
addition, Uppsala and Stockholm University
provide nancial support to ISP. The general
objective of the ISP program is capacity
building, support to research groups and
networks in natural sciences in the least
developed countries. Mathematics has been
in the ISP portfolio since 2002 following the
earlier efforts of Leif Abrahamsson. The
policy aims at long term collaboration and
emphasizes local ownership of the projects.
A special sandwich model has been adopted
in the exchange of PhD students. Support to
MSc students has been local i.e. trained in
their local Universities. The local bene ts “in
the South” include development and review
of MSc and PhD programs, staff
development and general improvements of
research environment. The impacts are in
emerging research culture, international
contacts and visibility. Bene ts “in the
North” include expansion of views and
understanding, growing scienti c network,
diversi cation of research production and
perspectives. One of the major ISP
initiatives has been the set-up of the
mathematics network “Eastern Africa
Universities Mathematics Programme

18
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(EAUMP)” since 2002, originally between
Mathematics Departments in the
Universities of Dar es Salaam, Makerere and
Nairobi and later extended to Rwanda and
Zambia. ISP also has a direct support to
Mathematics Department at the University
of Addis Ababa in Ethiopia, as well as
support to mathematic networks in West
Africa and South East Asia. The total ISP
funding for EAUMP has been about 28MSEK
(2002-2021) and 9MSEK for Ethiopia. The ISP
funded activities include PhD studies in
sandwich mode, MSc-training and
organization of Summer Schools and
Postdoc visit program. So far about 28
students graduated and 11 are still doing
their PhDs; 18 Summer Schools on various
mathematical topics have been organised.
ISP/EAUMP program has an essential and
transformative role in building mathematics
research and teaching capacity in the
Eastern African region introducing new
areas of mathematics, consolidating
emerging research groups and advice in
nding additional support. ISP provided
backup when the initiative “Africa Math
Seminar (AfMS)” was launched in 2020. This
weekly webinar was started on the initiative
of former ISP sandwich student Dr. Jared
Ongaro from University of Nairobi. African
and international speakers, including some
Fields medalists give weekly lectures. Four
European speakers from ECMI nodes
appeared in the Spring of 2021. The
Zoom-licenses for all nodes are sponsored
by ISP.

Sida and the Bilateral Programs
The Swedish International Development
Cooperation Agency (Sida) follows its
objective: Reduce poverty all over the world.
In 2021 Sida channels 4,4 billion Euros for
Swedish foreign aid, including 90 million
Euros for research collaboration in many
disciplines. The activity is mainly organized
in bilateral long-term programmes with
emphasis on capacity building at
universities aiming at sustainable
partnerships.

In the East African region, Sida bilateral
research programmes (typically 5 year, 1-4
MEUR) in mathematics are running in
Tanzania, Uganda and Rwanda. There are
similar projects in Mozambique and
Cambodia. Each project has as a supporting
base a consortium of Swedish universities
(typically LiU, KTH, SU, UU, MdH), Linköping
being the coordinating hub.
The most essential element in the Sida
bilateral programs is building capacity
through PhD training. This consists of
support of PhD students, curriculum
development and review, intensive training
courses and annual network reporting and
planning meetings. The Sida support to PhD
training (in mathematics) has been going on
in Rwanda since 2008, in Tanzania since
2016, Uganda 2010, Mozambique 2007. The
PhD students who have so far graduated
are 16 by early 2021 and the ongoing
inhouse students are 32 in the pipeline. Sida
bilateral programs have been also active in
MSc education, curriculum development
and reviews etc. in the East African region.
Some outreach & awareness activities have
been carried out, like partnership in Pi-day
events and the Mathematics Competition in
Rwanda. An important area is the general
buildup of research culture and science
dissemination. Sida and ISP support have
also been instrumental in the organization
of various African conferences (EAUMP,
SAMSA), a conference on Mathematical
Statistics (Rwanda 2017) and Inverse
problems (Makerere 2017 with Finnish
support). Special network meetings for Sida
and ISP supported PhD students was
organized (Entebbe 2018), Ethiopia (Bishoftu
2019) to facilitate creation of regional
thematic research groups. The Department
of Mathematics at Makerere University has
since 2015 been implementing a capacity
building project title “Capacity Building in
Mathematics and Its Applications.” The
project is fully funded and the Sida Phase IV
bilateral programme with Makerere
University. The overall goal of the project is
to help develop and strengthen the capacity
for graduate education and research in the

mathematics department at Makerere
University and partner public universities in
Uganda. The expected outcomes are
well-prepared graduates, who can
contribute both within and outside the
university, by augmenting the quantity and
quality of research activities conducted in
the departments. The environment for
research in mathematics at Makerere
University and at the collaborating
universities in Uganda will also be
strengthened through creation of research
teams.

Other Nordic initiatives
There have been other initiatives in last
decades from Nordic countries to support
mathematics in Africa. Hawassa University,
Ethiopia and the Department of
Mathematical Sciences at NTNU have
cooperated in establishing MSc- and
Phd-Programmes in Math&Stat in Ethiopia.
The initiative was funded by Norad.
Lappeenranta University of Technology has
contributed to the spread of Industrial
Mathematics culture in East African region
through development projects nanced by
the Finnish Ministry of Foreign Affairs and
the Finnish Center for International Mobility
(CIMO). The projects involved eight
universities in East African region: East
Africa Technomathematics 2007-2015 and
Mathematics education and working life
relevance in East Africa 2013–2015. Student
exchanges, academics staff visits from East
Africa to Finland, staff visit from Finland to
the partner universities in Africa were
arranged. Several intensive courses were
run in Africa. Three experimental Modelling
weeks and several thematic workshops on
curriculum development etc. were
organized. (Matti Heilio, Matylda
Jab onska-Sabuka, Godwin Kakuba. Building
Applied Mathematics Knowledge Base in
East Africa. ECMI 2016 conference, Santiago
de Compostela.
https://link.springer.com/chapter/10.1007/9783-319-63082-3_81).
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Launch of EACMaR
One of the recent major initiatives has been
the establishment of East African Centre for
Mathematical Research (EACMaR, 2019)
under the umbrella and facilitation of
Inter-University Council for East Africa
(IUCEA) which is meant to consolidate and
intensify regional research cooperation.
Among the general vision of promoting
mathematics, EACMaR’s objectives include
also applied and industrial mathematics and
this would be natural counterpart for
collaboration between ECMI and Eastern
Africa.
In more speci c terms the mission of
EACMaR is to become a leading Centre of
mathematical research and promote and
coordinate research and postgraduate
training in Pure and Applied Mathematics in
the East African region in order to meet the
needs of the society. Targets include:
Encourage researchers to work in research
teams/industry/society. Arrange regional
scienti c meetings. Research dissemination
in journals. Benchmark, review and
validation of math programmes. Advocate
fundraising drives, scholarship schemes.
Mobilization of staff/student mobility.
Encouragement of women to take up
studies and research in Mathematics,
conduct tracer-studies and activate an
alumni network for PhD graduates and
postdocs. To contribute to an increase in the
use of Mathematics in multidisciplinary
research projects at universities and in the
private and public sectors in the region. One
of the objectives is to establish Study
Groups meeting in the East African region.

Sida-Makerere PhD School
In this chapter we describe a certain section
in the PhD training of the Sida bilateral
program oriented towards and inspired by
applied & industrial topics. The focus is the
Sida-Makerere PhD school at Makerere
University in Uganda. The project hosts 21
students (16 local mode, 5 sandwich) who
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entered the PhD program in 2016/17. First
stage was taking core courses, then search
of topics soliciting of research topics. In total
7 students selected various applied topics
with real-world signi cance. Each student
has a main supervisor (Sweden, Austria,
Botswana) and 1-2 local support persons,
local supervisors. The program runs in
sandwich mode; the students spend
annually 2-4 months with the main
supervisor. Sida funding covers travel,
subsistence, monthly stipend and possible
eldwork. Covid epidemic caused
disturbance and delays, other di culties
due to internet-resources and gaps in
MatLab skills. The students’ work is
monitored in Progress report meetings at
1-2 -month intervals. In most cases nishing
is expected in 2021. Below is a brief
description of the 7 applied PhD topics.
Tumor origin localization. Tumor growth is
described by a reaction-diffusion PDE. The
challenge is to identify the tumor origin by
solving an inverse problem of the diffusion
ux.
Modeling cattle grazing with structured
population models. The project studies
various structured population models,
adopting the approaches like
McKendrick-von Förster equations.
Population models are derived by
introducing size/stage classes and variables
like forage biomass, livestock biomass,
harvesting rate. These dynamical systems
are used for simulation and control.
Structured sh population and
harvesting model. The task is to model the
behavior of a single species/ two species
sh population with cannibalistic behavior.
Fisheries in Uganda provide protein source
for humans and animals. Important for
employment, income and trade. Harvesting
strategy for optimization and sustainability
is an obvious objective. A size structured
version including feeding preference
cannibalism-versus-food-resource are being
analyzed. Juveniles use energy for growth

and maturation, adults invest in
reproduction. Growth depends on food
resource abundance.
Actuator design and placement. The topic
is essentially shape optimization. Optimal
control of wave equation, motivated by the
challenge of actuator design. Motivating
example could be identi cation of an
unknown shape of an underground deposit
(metal ore, water, oil); prospecting by
re ections of ground penetrating waves.
Networks - centrality measures.
Measuring the signi cance and connections
of nodes in a graph (typically extremely
large, like internet connections, social
networks) with varying structures and
sub-structures. The behavior of selected
centrality measures in the case where new
nodes are added or removed in an evolving
network. One of the goals is to investigate if
the analysis of the graph could be done,
with satisfactory approximation, block-wise.
Regularization of Cauchy Equation by
Spline Approximation. The context is an
Inverse heat conduction problem. Direct
temperature measurement is impossible
due to physical obstacles and temperature
is derived from a noisy measurement signal
via a reverse heat equation. The nearly
ill-posed nature of the resulting Cauchy
problem calls for regularization of the
signal. Both the temperature function and
its derivative are needed. Methods or
regularization of the measurement signal by
smoothing are studied.
Tra c ow modelling. Heterogeneous
congested tra c consisting of several
vehicle classes using and competing the
space of the same road. Inspiration: Local
tra c in urban Uganda where cars and
motorbikes are a unique local mixture. The
challenge: existing tra c modelling
literature modi ed and harnessed to this
particular case.

Two examples of real scale projects
In this chapter two research projects are
mentioned, one representing a continued
post-doc collaboration and the other one a
serious open research challenge calling for
obvious demand for modelling and
computational simulation. A work
presented by Dr Godwin Kakuba at the ECMI
2021 is a result of the postdoc he got on this
programme which was tenured at Linkoping
University (LiU) in Sweden. The research
team at LiU is researching on models for
arterial blood circulation and ours was a
suggestion for a simple one dimensional
model in which the arterial network is
modelled as a binary bifurcation tree. In our
model we aim to compute the pressure in
the arterial network bifurcations by solving
a stationary problem block by block. The
results can easily be extended to a time
dependent problem and in fact the model
can be used to study different arterial
conditions in different parts of the
bifurcation network. This paper has been
published as “G. Kakuba, F. Berntsson and V.
Kozlov, An algorithm for computation of a
stationary ow in a binary bifurcation tree,
Applied Numerical Mathematics 159 (2021)
125´´.
The second example was about deep-water
methane extraction, presented at ECMI21 by
Dr Denis Ndanguza. Lake Kivu, which is
between Rwanda and the Democratic
Republic of Congo (DRC) has an area of
approximately 2300 km2, maximum depth
of 480 m, with two million people living in its
surroundings. Lake Kivu contains vast
amounts of carbon dioxide and methane
gas in its deep, anoxic waters. If disturbed,
the gases have the potential of creating an
eruption and natural disaster. Methane gas
exploitation may reduce the risk and
provide signi cant energy supply. The
Management of the methane gas extraction
is complex multidisciplinary challenge. Care
must be taken to avoid negative impacts on
the ecosystem, shing etc. The main
objective of this research is to come up with
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a global mathematical model describing the
dynamics of methane gas behavior in
prospected engineering solutions, like
* the formation of methane deep in the
sediments,
* contributions from hydro-thermal and
volcanic activities,
* strati cation of the gases into layers,
* diffusion through bubbles between the
layers,
* understanding the gas hold-up in the
strati cation bands,
* risks that could potentially trigger a gas
eruption.
It has been predicted that a catastrophic
eruption can occur within 100-200 years.
Efforts to extract the methane gas safely for
energy supply have started in small scale on
the Rwanda side. This problem was
presented in a Mathematics in Industry
Study Group meeting in South Africa.
Further research is needed, especially to
assess the impact of the methane extraction
plans.
Matti Heilio1 , John Mango2 , Bengt-Ove
Turesson3,4 , Leif Abrahamsson4 , Godwin
Kakuba2 , Denis Ndanguza5
Lappeenranta-Lahti University of
Technology, Finland
2
Makerere University, Uganda
3
Linköping University, Sweden
4
Uppsala University, Sweden
5
University of Rwanda, Kigali
1
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Industrial Maths
South African Style

The rst South African Mathematics in
Industry Study Group was held in 2004 at
the University of the Witwatersrand in
Johannesburg. A daunting nine problems
were tackled by a relatively inexperienced
group of participants at this meeting.
However, despite the impossible array of
tasks the meeting was a success,
particularly with students, who found
surprising new applications for their
mathematics. Luminaries at Wits also saw
the bene ts and have supported many
subsequent meetings. Study groups
continued to be held at Wits until 2010
when the African Institute for Mathematical
Sciences (AIMS) in Cape Town hosted their
rst meeting. AIMS, a post-graduate training
centre provided a keen supply of students
from all over Africa. A pattern then
developed with meetings alternating
between Johannesburg and Cape Town,
until 2020 when the University of Zululand
joined the fray. With the onset of COVID

meetings went on-line, the 2022 MISG was a
hybrid meeting held at Wits. The 2023
meeting will, hopefully, be mainly presential
in Cape Town. Whilst dealing with the usual
study group fare, such as optimisation and
scheduling, the meetings always exhibit a
distinctly African avour. No MISG is
complete without a problem from the local
mining and sugar cane industries. Problems
related to the deadly gas eruptions from
Lake Kivu, which is split between Rwanda
and the DRC, have appeared in recent years.
The environment has been high on the
agenda, with studies of carbon capture,
green roofs, urban farming and bee/ ower
timing. Also tackled have been questions
regarding the labelling of beer bottles,
mini-bus taxi routing, tourism and sheries.
A particularly successful problem dealt with
strategies for choosing a football which
would provide an advantage for the home
team, in this case the SA premier league
team Bidvest Wits who play in the rare ed
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air of Johannesburg. After a simple strategy
was suggested they didn’t lose a home
game for the remainder of the season (the
home team chooses the ball), see [1].
Wildlife management and conservation
have played an important role. For example
rhino horn, prized as a “cold medicine” in
some Asian societies is more valuable on
the black market than heroin and even
printer ink! Could a legal trade help bring
down prices and so make poaching unviable
or would it increase demand? This problem
has been investigated recently in [2]. What
are sensible strategies for relocating
endangered animals? And how do we even
know how many animals are in an area, can
aerial photographs be used when many
animals are camou aged so as not to be
seen? Information on past meetings,
outcomes including proceedings and related
publications can all be found at the event
archive of Wits University [3]. Throughout
the history of the meetings the driving force
has been Wits University’s Prof. David
Mason: indefatigable in nding problems
and supporting students and foreign
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visitors. Foreign experts and willing
participants are always welcome. For more
info contact Prof. Mason directly
(david.mason@wits.ac.za) or interested
Europeans can contact Prof. Tim Myers
(tmyers@crm.cat).
Tim Myers
Centre de Recerca Matemàtica, Spain

1. T.G. Myers and S.L. Mitchell. A mathematical
analysis of the motion of an in- ight soccer
ball. Sports Eng, 16:29–41, 2013. DOI:
10.1007/s12283-012-0105-8.
2. J. A.J.Eikelboom et al. Will legal international
rhino horn trade save wild rhino populations?
Global Ecology and Conservation, 2020. DOI:
10.1016/j.gecco.2020.e01145.
3. URL https://www.wits.ac.za/eventsarchive/conferences/mathematics-inindustry-study-group/misg-2022/.

KLAIM –
Kaiserslautern
Applied and
Industrial
Mathematics Days
The Fraunhofer Institute for Industrial Mathematics ITWM experienced
three days of intensive exchange: more than sixty international scientists
accepted the invitation of the two organizers Prof. Dr. Anita Schöbel,
Director of Fraunhofer ITWM, and Prof. Dr. Bernd Simeon from the
Department of Mathematics at TU Kaiserslautern. Apart from scienti c
and professional aspects, this conference had another unique feature: it
took place in presence. Participants from a variety of countries like the
Netherlands, Belgium, France, Switzerland, Austria, Bulgaria, Pakistan
besides Germany came to Kaiserslautern to attend KLAIM,
complemented by a few online contributions from USA and Sweden.

Mathematics in Kaiserslautern
Applied and industrial mathematics has a
long and remarkable tradition in
Kaiserslautern. The Technomathematics
program was introduced in Kaiserslautern in
1979 and since then has spread throughout
Germany, Europe and worldwide. ITWM was
founded in 1995, with the
Technomathematics activities as its
backbone, complemented by strong
competences in mathematical economics,
and became a Fraunhofer institute in the
year 2000. Meanwhile, the Department of

Mathematics at the TU Kaiserslautern ranks
among the top German mathematics
departments. It has a high reputation for its
research pro le and for its international
programs at the master and PhD levels. The
Fraunhofer ITWM is one of the leading
institutes in industrial mathematics
worldwide. From its beginning there has
been a strong cooperation with the
university. So what could be more obvious
than to start a new conference series of
Fraunhofer ITWM and TU Kaiserslautern,
focusing on applied and industrial
mathematics, in Kaiserslautern?
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o

The program was structured along the three
tracks:

o

The aim of this conference was to provide a
forum for applied mathematicians from
universities, research laboratories, and
industry to exchange ideas and present the
latest research results.

Conference Program

o

“Fraunhofer ITWM plays a
central role here for the
transfer of results from
basic research to
industry.”

Hybrid System Simulation – Classic
Modeling and Control Meet Arti cial
Intelligence
This track was organized in collaboration
with the ECMI Special Interest Group
Math for the Digital Factory.
Multiscale Methods and Model Order
Reduction
Integration of Optimisation and Data
Science

But the goal was also to rmly anchor the
conference in the scienti c community, as it
is to be held every two years. The focus of
this rst edition of KLAIM was on the role of
applied mathematics in the development of
digital twins. This was highlighted in forty
short talks and extensive discussion
sessions. Accompanying the conference is a
conference volume with the abstracts of the
talks.

Prof. Dr. Olivier Brüls, Department of Aerospace and
Mechanical Engineering , University of Liège

Ready for the rst face-to-face conference after 1.5 years
of pandemic. From left to right: Prof. Dr. Bernd Simeon,
Department of Mathematics, TU Kaiserslautern , Prof. Dr.
Anita Schöbel, Fraunhofer ITWM, Prof. Dr. Sven O. Krumke,
Dean / Department of Mathematics, TU Kaiserslautern
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Within the scope of these tracks, different
topics related to mathematical modeling
and numerical simulation were highlighted
in various keynote lectures: the rst one
was given by Olivier Brüls (Univ. of Liège) on
the numerical simulation of elastic and
nonsmooth mechanical systems, followed
by Annalisa Buffa’s talk on the mathematical

theory of analysis-aware defeaturing of
geometrical models in order to remove
super uous details present e.g. in given
CAD data that are considered irrelevant for
a certain simulation. Dimitris Bertsimas’
(MIT) presentation on "Multistage Stochastic
Optimisation via Kernels" was one of the
few contributions delivered online. In his
presentation entitled "Analytics for Zero
Hunger", Dick den Hertog (Univ. of
Amsterdam) reported about a recent
optimisation project for UN World Food
Programme. The nal keynote, delivered by
Mario Ohlberger (Univ. of Münster) on
localized model reduction with adaptive
enrichment for PDE constrained
optimisation, closed the conference.

driving utilizing a combination of data
obtained from both real driving experiments
and numerical system simulations. Two
further plenaries in the same track were
provided by Claudia Schillings (Univ. of
Mannheim) on a general framework for
Machine Learning based optimisation under
uncertainty and its application in inverse
problems, and by Martin Arnold (Univ. of
Halle) with an account on recent progress in
modular modelling, simulation and time
integration methods. Further track
plenaries addressing mathematical
challenges related to "Multiscale Methods
and Model Order Reduction" were delivered
by Francisco Chinesta (Arts et Metiers
Institute of Technology, Paris), who talked
about allying Physics-based reduced models
and Physics-informed data-driven models
into the hybrid modelling paradigm, and by
Nicole Marheineke (Univ. of Trier) on
methods for structure-preserving model
order and complexity reduction, with
applications in nonlinear ow problems in
networks.

Prof. Dr. Claudia Schillings, Lehrstuhl für Mathematische
Optimierung, Uni Mannheim

Apart from the keynotes, more detailed
insights into mathematical research for each
of the three tracks were provided in a
number of track plenaries.
The track "Optimisation and Data Science"
started with a plenary talk given by
Alexander Martin (Univ. of Erlangen), who
showed a large number of concrete
application examples in production and
logistics successfully combining
mathematical approaches to data analytics
with optimisation techniques. A rst plenary
presentation in the "Hybrid System
Simulation" track was given by Matthias
Gerdts (Bundeswehr Univ. Munich) on a
development platform for automated

Audience during Prof. Anita Schöbel’s lecture

Further details on KLAIM program as well as
a link to the book of abstracts for the
keynotes, track plenaries and numerous
contributed talks can be found at the
dedicated web page1 .
Besides the many talks, what the
participants attending the conference in
presence probably enjoyed most was the
mere possibility to discuss with their

1 https://www.itwm.fraunhofer.de/en/fairs_events/2021/2021_10_11_KLAIM.html
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colleagues face to face during the coffee
breaks, while having lunch together at the
Fraunhofer cafeteria, and at the conference
dinner, which took place in the stylish
environment of the atrium halls of the
institute.

of our “Cluster of Excellence Mathematics
Münster” with the High Performance Center
Simulation- and Software-based Innovation.
Fraunhofer ITWM plays a central role here
for the transfer of results from basic
research to industry.» Prof. Dr. Mario
Ohlberger.

Fraunhofer ITWM and the department of
Mathematics at TU Kaiserslautern already
look forward to organize the next instance
of KLAIM in 2023, then with a different
topical focus.

Interviews
We asked three of the keynote speakers why
they came to Kaiserslautern and what they
expected from KLAIM.

“Industrial mathematics
is often about giving
mathematical answers
to questions that are not
formulated in the
language of
mathematics.”

«Since I started my mathematical life with
my undergraduate studies in Kaiserslautern,
I am especially pleased to be present at the
KLAIM conference 2021 on site in
Kaiserslautern. I look back on a long
cooperation with Fraunhofer ITWM,
especially on joint projects with industrial
partners. New challenges arising from these
projects have always driven my own
research. This is especially true for the
development of numerical multiscale
methods and methodologies.
The good cooperation with Fraunhofer
ITWM is also a cornerstone for the alliance
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Prof. Dr. Mario Ohlberger, Mathematics Münster

«Industrial mathematics is often about
giving mathematical answers to questions
that are not formulated in the language of
mathematics. Here at ITWM we learn how to
do it. In my talk, I turn an engineering
practise into a mathematical theory and I
look forward to discussing its impact with
colleagues.» Prof. Dr. Annalisa Buffa.

«I like this conference, since it presents
innovative mathematics that is relevant for
industry and society. Moreover, during this
conference many inspiring and impactful
applications of mathematics are shown.
Among them are several applications that
signi cantly contributed to the UN
Sustainable Development Goals. One
example is that mathematical optimisation
is used by the World Food Programme, and
as a result millions more people can be
fed.» Prof. Dr. Dick den Hertog.

Prof. Dr. Annalisa Buffa, École Polytechnique Fédérale de
Lausanne

“One example is that
mathematical
optimisation is used by
the World Food
Programme, and as a
result millions more
people can be fed.”

Prof. Dr. Dick den Hertog, Faculty of Economics and
Business, Section Operations Management, Amsterdam

Ilka Blauth1 and Joachim Linn1
1

Fraunhofer ITWM, Germany
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Mathematics Meets
Industry - 2022
The event Mathematics meets industry (MMI) was organised for the second
time, June 2-3, 2022 in Trondheim, Norway. The seminal event was held in
2016. This time, the meeting was included as a training activity in the
MCSA-ETN project THREAD. The sponsors of the event where the
Norwegian bank DNB, the Trond Mohn foundation, THREAD and the
department of Mathematical Sciences at NTNU. The event was endorsed
by ECMI.

The purpose of MMI was to bring together
mathematics students, primarily on the PhD
level, with representatives from industry to
facilitate networking activities. Career
opportunities were showcased and students
presented their work to potential future
employers or collaborators. The meeting
counted 89 registered participants of which
51 were PhD students. About 10 of these
students came from universities outside
Norway. There were 12 companies who
contributed to the event.

Prize for the best outreach talk. Programme.
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There was an exciting and diverse
programme including six 40 minutes
keynote talks from industry representatives
and university professors, and all companies
were given a 10 minutes time slot in the
plenary room to present themselves. In
addition, there were two categories of
student talks, rst research talks of 10
minutes duration in two parallel sessions
and outreach talks in a plenary session. The
best talks in each of these sessions were
awarded a small prize. The programme was
concluded by a partnering event on the last
day where stands were put up for each of
the 12 companies and the students were
divided into groups of approximately 5-6
people who did a strictly scheduled “group
speed dating” allowing each group to be
rotated through all the stands with a 8-10
minutes chat with each company.
Information about the students’ expertise
and interests was collected in advance and
was shared with the representatives from
industry after the meeting.

computational mathematics perspective,
but also lessons learned in how to solve
important research problems.
Some of the keynote talks addressed the
students more directly, offering important
advice about what it takes to transform from
being a successful mathematics student to
make a career in industry. It was highlighted
e.g. by Meike Schaub ( eXstuctures) and
Joachim Linn (ITWM - Fraunhofer Institute,
Kaiserslautern) how team work is much
more important in industry than it appears
to be in the mathematics academia.

Partnering event. Sølve Eidnes, SINTEF Digital, discussing
with James Jackaman, Indrajeet Patil and Sudhanva
Kusuma Chandrashekhara.

The keynote talks were diverse, but they all
gave the same impression that there is a
strong demand for mathematicians
contributing to the industrial innovation in a
wide range of areas. Kristin Flornes from the
company Eviny holds a PhD in Mathematics
at NTNU from 1998, and has recently added
on a Master of Technology Management.
She is now concerned with the development
of green energy, her company is specialising
in delivering zero emission energy solutions
to marine vessels all over the world.
Another keynote talk from Ingrid Glad,
University of Oslo, presented research being
developed at dScience – Centre for
Computational and Data Science which she is
directing, and the center for research based
innovation called BigInsight where she is a
co-director. Machine learning and digital
twins were central topics in this
presentation. Ozan Öktem from KTH is an
expert on machine learning methods for
medical imaging. He gave a summary of
lessons gained over 20 years from a

Meike Schaub, eXstuctures and Joachim Linn ITWM,
Fraunhofer Institute.

Kenth Engø (Telenor) discussed among
several things the importance of
communication skills, the top priority is to
get the job done in a satisfactory way rather
than impressing the boss with fancy
mathematical theorems.
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and the project coordinator of the THREAD
project. He talked about one important
scienti c/industrial problem, that of
jumping contact points. In the second part
of the talk, he presented the THREAD
project. There were many learning points
for how universities can improve their PhD
programmes in order to prepare the
candidates for a life after the end of their
PhD.
Both the industry and the students found
the meeting to be very useful, and there was
a strong consensus that it should be made
into a regular event, either every year or
second year.
Brynjulf Owren1 , Elena Celledoni1 and James
Jackaman1
Kenth Engø, Telenor.

The last keynote speaker was Martin Arnold,
from Martin Luther University in Germany,

32

Collaborate and Cooperate

Annual Report 2021

Activities and Initiatives

1

NTNU, Trondheim, Norway

Featured
People

4

33

Interview: Elisabeth
Köbis
Elisabeth is an associate professor at the Department of Mathematical
Sciences at the Norwegian University of Science and Technology, in
Trondheim, since April 2020. Her research focuses on set optimization,
robust approaches to uncertain multi-objective otpimization problems
and vector variational inequalities.

Elisabeth, can you tell us about the
mathematical journey that brought
you to NTNU?
I have a BSc and Msc in Business
Mathematics and a PhD and habilitation
degree in Mathematics from Martin Luther
University Halle-Wittenberg. After my PhD, I
spent two years of my postdoc at Friedrich
Alexander University Erlangen-Nuremberg.

The most common element of all the
research topics I encountered was
multi-objective (or vector-) optimization,
which describes the simultaneous
optimization of a nite (or in nite) number
of objective functions. An example: For my
Bachelor thesis, I studied portfolio selection
where an investor wants to maximize pro t
while also keeping the risk at a minimum.
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Later on, for my Master thesis, the
con icting goals were for instance different
transport ways which all should be kept as
short as possible when choosing the
location of a new factory or of a microchip
on an electronic board. All those problems
can mathematically be generalized by
means of robustness, which is what I
studied for my PhD. Robustness means,
broadly speaking, that the modeling of
problems by means of optimization must
incorporate that the data you use is
uncertain by nature. I could show that
several well-studied concepts could be
mathematically expressed using
multi-objective approaches and use this
duality to characterize solutions and
establish previously unknown robustness
concepts. Finally, for my habilitation, I
extended the abstraction process even
further, namely to set optimization, which is
a generalization of both mathematical
robustness and multi-objective
optimization.

What are your current research
interests?
I am still interested in set optimization. I am
also currently working with variable
domination structures in set- and
vector-valued optimization. This is a useful

extension of usual xed ordering structures
and gives the decision-maker more exibility
in modeling. In addition, I am working on
vector-valued variational inequalities and
uncertain/robust programming

Could you explain the meaning of
the concept ”Set optimization” and
how your interest in this eld
developed over the years?
Set optimization describes the modeling of
optimization problems with set-valued
objectives and/or constraints, which
includes the study of various optimality
notions, and solution procedures which
most of the time need to be tailored for the
speci c application background. As outlined
already, the concept can be seen as a
natural extension of vector-optimization
which itself extends “classical” optimization
problems (so, the extension process follows
the chain point ! vector ! set) and in that
respect is an envelope over the entirety of
optimization theory. It bears also strong
connections to several established areas like
mathematical robustness, interval
arithmetics, variational inequalities or
differential inclusions. I was introduced to
set optimization during my early PhD
studies at a research stay in Göttingen,
Germany. Since set optimization is a
relatively young eld, there were so many
options to do research in. I started with
linear scalarization techniques for solving
convex set optimization problems and then
progressed to nonlinear techniques for
solving not necessarily convex set
optimization problems. Along the way, I
worked on industrial problems and
optimization under uncertainty bridging
back to the area of robustness.

problem of nding the optimal layout of a
photovoltaic power plant is highly uncertain
due to weather conditions. Based on
inaccurate data sets from the past, we have
modeled this problem as a set optimization
problem and identi ed different layouts that
suit different decision maker’s preferences
and risk-aversity. A slightly more “classical”
application of uncertain optimization (and
mathematical robustness) is network
optimization which includes, among others,
problems in scheduling and time-tabling.
Those occur at one place or another in
almost any larger industrial context.

You are now an associate professor
at NTNU. Which advice would you
give mathematics students who
want to work in academia?

Which are the typical applications of
set optimization to industrial
problems?

What has been most helpful for me were my
mentors/collaborators. Most importantly,
my PhD-supervisor Christiane Tammer
always encouraged me to publish,
introduced me to colleagues, initiated new
collaborations and gave me the opportunity
to work on the editorial board of the journal
Optimization already at an early stage of my
career. My frequent co-author Jen-Chih Yao
invited me to join in writing a monograph,
which led to several new collaborations and
improved my visibility throughout the
optimization community as a whole. I would
advise any student to seek the support from
a mentor, who can be a supervisor, a
colleague or a co-author. They can help
build a network, inform about open
positions that might not be advertised yet,
invite to useful conferences etc. I am aware
that the road to working in academia
permanently can be rocky and full of
challenges. Then, having a strong
(international) network that can be
supportive is bene cial and can help
overcome obstacles or provide new
perspectives.

As set optimization can be used to model
uncertain vector optimization problems, it is
quite natural to study industrial problems
where uncertainties occur. For example, the

Interviewed by Davide Murari, NTNU,
Norway
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Modelling airborne
transmission in the
COVID-19 pandemic
We present a new modelling framework [1] for the airborne transmission
of viruses that quickly determines how the infection risk changes with
space and time, in indoor spaces. Virus-laden aerosols are emitted by
infected people, transported by air ow, diffused due to turbulence and
removed by ventilation, virus inactivation and gravity. We assume that
the infectious persons are breathing or talking. We generate predictions
for the concentration and the infection risk in a classroom and quantify
the reduction in the infection risk as ventilation improves. We also
compare our predictions to data and CFD studies for a superspreading
event at a restaurant, demonstrating good agreement.

Since the onset of the COVID-19 pandemic
in January 2020 more than 6 million deaths
have been reported. The virus causing the
pandemic, SARS-CoV-2, is transmitted
through virus-carrying respiratory droplets,
which are released when an infected person
coughs, sneezes, talks or just breathes [2].
Most of the droplets fall to the ground
within two metres, motivating the
well-known social distancing guidelines.
However, some droplets are small enough
to oat in the air. These droplets,
sometimes called aerosols, may remain
airborne for hours and be carried
throughout a room, leading to airborne
transmission and infection, sometimes far
beyond two metres [3, 4]. Airborne
transmission models generally fall into one
of two types. The rst are Computational
Fluid Dynamics (CFD) models, which can
take into account the room size and detailed
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geometry, the complex turbulent air ow
and the size distribution of aerosols [5, 6].
However, CFD models are computationally
demanding and cannot be easily applied to
new rooms; hence, they are not suited for
quick decision-making in a fast evolving
pandemic. The second type is the
Wells–Riley model [7, 8] and its extension
[9]. The latter models assume that the air is
well mixed which means that aerosols
emitted from the infectious persons are
instantaneously evenly distributed
throughout the room. It is also assumed
that aerosols are removed by ventilation
and other processes uniformly throughout
the room. Therefore, everyone in the room
is equally likely to be infected which, in
many cases, is not true. Despite their
limitations, Wells–Riley models have been
frequently used to inform predictions and
policy-making during the COVID-19

pandemic as they are easy to implement
and very fast to run [10, 11, 12]. Here we
summarise a new model [1] that extends
the Wells–Riley model and allows fast
predictions of the spatiotemporal infection
risk in the room. The model is a ‘bridge’
between the Wells-Riley models and the CFD
models.

A quick-to-run model for
determining the spatially varying
infection risk indoors

here C denotes the aerosol concentration.
Since the aerosols loop around the room we
impose periodic boundary conditions at the
wall ⇠ = 0 and at ⇠ = 2l. We also assume
no- ux boundary conditions at y = 0, w (no
aerosols leave the room through walls) and
that C(⇠, y, 0) = 0. Then, the concentration of
the aerosols in the room is
C(x, y, t) =

The model [1] consists of an
advection–diffusion–reaction (ADR)
equation, which governs the concentration
of the aerosols and an expression for the
spatially varying infection risk in the room.
We assume that the aerosols: (i) are emitted
due to the infected people, modelled as
point sources of strength R (ii) are removed
due to ventilation (quanti ed by the Air
Changes Per Hour, ), gravitational settling
( ), and viral deactivation ( ) (iii) are
transported by the recirculating air ow with
speed v (iv) diffuse with a turbulent eddy
diffusion coe cient K that is proportional
to [13]. We also assume that the room
contains an air-conditioning unit, which
drives a recirculating air ow [14]–see Figure
1.

(Cupper (x, y, t) + Clower (x, y, t))
,
h/2

where Cupper (x, y, t) = C(x, y, t) and
Clower (x, y, t) = C(2l x, y, t) is the
concentration of aerosols in the upper and
lower branch of the recirculating loop,
respectively; h/2 is the height between the
two layers.
Adapting the Wells-Riley model [8], the
spatially varying infection risk is given by
P (x, y, t) = 1

exp

t

⇢C(x, y, ⌧ )d⌧
0

◆

,

Solution and simulations
Equation (5.1), with the imposed conditions,
admits a semi-analytic solution
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Figure 1:Schematic of a recirculating air ow (‘loop’)
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For a room with length l and width w we
unwrap the three-dimensional loop surface
to the two-dimensional domain
(⇠, y) 2 [0, 2l] ⇥ [0, w], where ⇠ is the distance
along the loop. Hence, the ADR equation,
assuming only one infectious person, is:
✓ 2
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where I is a measure of how infectious the
virus is and ⇢ is the average breathing rate
of the susceptible person.

C(⇠, y, t) =

generated by an air-conditioning unit.

✓

(5.1)

which enables very fast simulations. The
concentration is proportional to R = 2R
which changes with activity type
(breathing/talking, with/without a mask,
etc.). In Figure 2 we plot the aerosol
concentration in a 8x8x3m poorly ventilated
classroom ( = 0.72h 1 ) [15] and in Figure 3
the concentration with the
ASHRAE-recommended ventilation for
classrooms ( = 3h 1 ) [16].
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Figure 2: Aerosol concentration in a poorly-ventilated

Figure 4: The infection risk in a poorly-ventilated classroom

classroom (2D view)). One infectious person at the centre.

due to an infectious person breathing for one hour. One
infectious person at the centre.

As expected, the infection risk is highest
directly downwind from the infectious
person and the next highest infection risk is
directly upwind. The risk decreases with
distance from the person but it is still
non-zero at the walls. In [1] we also
compared the model with aerosol
concentration measurements from a
hospital ward with good agreement.

A superspreading event at a poorly
ventilated restaurant
Figure 3: Aerosol concentration in a classroom (2D view)
with ASHRAE-recommended ventilation. One infectious
person at the centre.

For both ventilation settings the highest
concentration is directly downwind from the
infectious person. The width of this region
increases with ventilation since it depends
on the diffusion coe cient K which is
proportional to . The next highest
concentration is found directly upwind. We
note that the concentration reduces to
approximately half when the ventilation
improves by a factor of four. In Figure 4,
assuming the person is breathing we plot
the infection risk in a room.

The model [1] can predict with good
accuracy the number of infected people
recorded from a superspreading event at a
poorly ventilated restaurant in Guangzhou,
China [17]. It was shown in [18], using CFD
simulations, that the ve air-conditioning
units established ‘recirculation zones’. In
one of these zones an infectious person sat
for 82 minutes (A1 in Figure 5) and infected
7-9 people out of the 20 sitting there.

Figure 5: The computational domain (a) and the
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recirculation zone (b) in a poorly ventilated restaurant
where 7-9 people were infected by the infectious person,
A1. (The circled X denotes an infected person.)

Using our model we determined the
infection risk in this recirculation zone—see
Figure 6.

Figure 6: The predicted infection risk in the recirculation
zone after 82 minutes. An infectious person sat at
(3.75, 0.5) during this time.

The spatially-averaged infection risk was
found to be 50% after 82 minutes, which
corresponds to 10 people infected, slightly
higher than the actual number. (We
assumed that the infectious person talked
continuously which somewhat
overestimates the aerosol emission rate.)
Our results agree well with CFD studies [19]
and [20].

Conclusions
We have presented an airborne
transmission model for COVID-19 that can
quickly predict the spatiotemporal
concentration and infection risk in an indoor
space [1]. The model can be quickly run for
any source location, ow velocity, diffusion
coe cient, aerosol emission rate and
ventilation level. Also, the infectiousness of
the virus can be easily changed. Therefore,
when new variants of the virus are
discovered, or new viruses, the model can
quickly be updated to aid policy
recommendations.
This work was undertaken at Cardiff

University and at the University of Oxford
through a ‘Tackling COVID-19’ Sêr Cymru
grant from the Welsh government (PI: Dr
Katerina Kaouri, co-I: Prof Ian Gri ths
(Oxford) co-I: Dr Hugo Macedo (Smart
Separations Ltd)). The grant funded three
postdoctoral researchers at Cardiff who
have worked on a range of modelling
challenges related to the pandemic. Kaouri
and Gri ths were invited to join the
Technical Advisory Group which provides
policy recommendations on the pandemic
to the Welsh Government. The project has
also received support from the Royal Society
through Gri ths’ University Research
Fellowship. Additional funding from Cardiff
University, the Royal Society and Smart
Separations Ltd enabled research on other
pandemic challenges, with ongoing work on
air puri ers.
Katerina Kaouri
School of Mathematics, Cardiff University,
UK (kaourik@cardiff.ac.uk)
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THREAD - Highly
exible structures
for industrial
applications
THREAD is an European Training Network (ETN) started in 2019 with 14
early stage researchers (ESRs) and 12 partner organisations. This is a
collaboration between mathematicians and mechanical engineers with
13 industrial partners. After two and a half years of the project, we have
obtained a number of results and we report a summary of the activities in
this short article. The project is organised in three research work
packages: Advanced constitutive laws for slender structures; Interactions
of 1D structures in a 3D world; Geometric numerical methods for rod
system dynamics.

Work package 1 WP1 aims at the
development of constitutive models that
capture the mechanical behaviour of
complex 1D exible structures, such as
multi- lament cables, multi-wired harnesses
or composite slender structures in sectional
1D models. Data for model development
and validation are provided from real
experiments as well as detailed mesoscopic
simulation models.

Figure 1: Device for a pure bending experiment, [1].

In the rst year, the activity focused not only
on literature review and implementation of
pre-existing numerical methods, but also on
utilising pre-existing data from test rig
experiments and virtual experiments to
model effective nonlinear properties of
cables and hoses. In order to achieve these
objectives, the application of data based
components, namely neural networks,
within constitutive modelling must be
studied in depth. From a rst investigation,
neural networks, thanks to their versatility,
seem to be a very useful tool, and their
application to inelastic constitutive
behaviours looks promising. In fact, even
simple neural network structures, such as
feed forward neural networks, seem to
approximate well the hysteretic behaviour
shown by measurements from test rig

Projects and Case Studies

Collaborate and Cooperate

Annual Report 2021

43

A main task in WP1 is to develop a
framework to perform virtual experiments
so that the mechanical behaviour of
multi- lament cables and harnesses can be
studied at the mesoscopic level. One test
example is the twisting of two cables.

o

contact detection

o

contact formulation

o

experiments, but their “black box” structure
makes it hard to understand their real
applicability to constitutive models, hence a
much deeper insight is necessary. Thorough
comparisons with other existing constitutive
models is now under investigation as well as
the design of hybrid approaches using both
data and mathematical models based on
the fundamental laws of mechanics.

(non-smooth) contact solvers.

One of the main di culties in contact
problems, is that there is no single
computational method that ts all cases [3].
There are inherently different contact cases,
requiring either beam-to-beam contact or
contact with three dimensional
surroundings. In some applications the
relative velocity of contacting objects may
be rather slow, such as in contacting bres
of wiring harnesses. In other applications,
there is a permanent large relative motion
such as in ropeway systems or elevators. In
this case, special beam formulations based
on the arbitrary Lagrangian-Eulerian
method are typically best suited, [4, 5]. The
scope of work package 2 is to focus on a
subset of selected applications, and to nd
the most suitable methods for these.

Figure 2: Twisting of two cables, [2].

Work package 2 This work package has
considered the validation of algorithms for
highly slender structures undergoing
contact. This is intended as a rst and
important step towards validation of contact
algorithms, including validation of nonlinear
rods. The simulation of slender structures
with contact conditions is an important
problem in computational mechanics. It
requires a consistent combination of
algorithms for the contact detection, the
kinematic description, the de nition of the
contact law and the solver. THREAD will
contribute to novel numerical methods in
order to solve contact problems involving
highly exible cables and slender structures.
The importance as well as the different
classes of contact problems and associated
algorithms are classi ed, we mainly focus on
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Figure 3: Determination of proximity zones between a pair
of beams.

Work package 3 The far-reaching goal in
WP3 is to develop novel numerical
algorithms for the nonlinear dynamic
analysis of rod systems involving complex
constitutive laws and being in interaction
with each other and the surrounding. The
mathematical model is a system of partial
differential algebraic equations evolving on
a nonlinear space with internal and external
constraints. The presence of nite rotations
along with the translational degrees of
freedom is a major challenge both for the
mathematical formulation of the model as

well as for the design of appropriate
numerical methods. These methods should
preserve essential structure and key
invariants of the models and guarantee the
convergence and stability of simulation
results despite the extreme sensitivity of
slender rod models to loading conditions
and numerical disturbances. In the past
period, the ESRs approached these
challenges from different sides. On the one
hand, more basic model problems
containing already some major features of
the geometrically exact beam model have
been considered, but also the full model has
been considered in simulations of simple
scenarios, some of these already containing
contact interaction. On the other hand,
numerical time integration methods have
been investigated ranging from variational
integrators to non-smooth generalised-↵
methods to various Lie group integrators,
[6, 7]. In this course, also different grids
(staggered, non-equidistant) and adaptivity
have been tested. A large focus has been
set on Lie group methods as these are most
promising concerning the preservation of
the essential structure and key invariants.
Finally, the use of data has been
investigated in connection with machine
learning based approaches to learn the
Hamiltonian of beam dynamics as well as
concerning the determination of history
dependent constitutive laws.

and time integration methods and
commenced to implement these into
simulation codes. Starting individually, this
has developed further via active
collaborations between the ESRs and with
the partner organisations.
Recently a mini-symposium on “Modeling
and simulation of highly exible slender
structures” was jointly organised by the PIs
of the THREAD project as part of the
ECCOMAS1 congress on Computational
Methods in Applied Sciences and Engineering
in Oslo (www.eccomas2022.org ). This
mini-symposium had a total of 23 speakers
including many of our ESRs. The event
attracted a lot of interest in the community
and was a big success.
Olivier Brüls1 , Elena Celledoni2 , Johannes
Gerstmayr3 and Sigrid Leyendecker4
1

University of Liege, Belgium
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University of Erlangen-Nuremberg,
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K. Naumenko, and P. Schneider, editors,
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Figure 4: Approximation of a Hamiltonian system ( [8]).

The ESRs started to develop own models
1 European
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Large scale network
adjustment
problems
We consider large-scale nonlinear least squares problems. This research is
part of the BIGMATH project, a European Industrial Doctorate funded by
the European Union’s Horizon 2020 research and innovation programme
under the Marie Sk odowska-Curie Grant Agreement No 812912.

Here we describe the main mathematical
aspects of the work developed by Greta
Malaspina, one of the Early Stage
Researchers (ESRs) enrolled in the BIGMATH
PhD programme, who is jointly supervised
by an academic advisor coming from the
Universitiy of Novi Sad, and by industrial
advisors, coming from the company Sioux in
the Netherlands (a math consulting
company). The research is motivated by the
problem of digitalization of the cadaster
maps in the Netherlands.

Problem description

Sparse and large scale least square
problems arise in a number of
mathematical models. Typical problems of
this kind are Least Squares Network
Adjustment [1], Bundle Adjustment [2],
Wireless Sensor Network Localization [3],
where the variables correspond to the
coordinates of physical points in a region of
the 2 or 3 dimensional space and residuals
correspond to observations of geometrical
quantities involving these points. In these
cases each observation typically involves a
small (often xed) number of points, and

thus each residual function involves a small
number of variables. Moreover, when
considering problems of large dimension
with points deployed in a large region of the
space, the number of observations involving
each point is small with respect to the total
amount of observations. That is, each
variable is involved in a relatively small
number of residual functions. This leads to
problems that are very sparse. Given that
the measurements are prone to errors or to
different kinds of noise, the residuals are in
general weighted with the weights being
reciprocal of the measurement precision.
Furthermore, a typical property of such
problems is that they are nearly separable,
meaning that it is possible to partition the
points into subsets that are connected by a
small number of observations. The
dominant properties of all these problems,
a very large dimension N and sparsity,
motivated the modi cation of the classical
Levenberg-Marquardt (LM) method
presented in this paper.
The problems we are interested in are of
very large dimension and sparse. Sparsity
very often induces the property we call
near-separability, i.e. it is possible to
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partition the variables into subsets such that
a subset of residual functions depends only
on a subset of variables while only a limited
number of residual functions depends on
variables in different subsets. This property
is mainly a natural consequence of the
problem origin. For example in the Network
Adjustment problem physical distance of
the points determines the set of points that
are connected by observations. Although
the complete separability of the residuals is
not common, the number of residuals that
depend on points from different subsets is
in general rather small compared to the
problem size N. On the other hand, for a
very large N solving the Levenberg
Marquardt linear system in each iteration,
even for very sparse problems can be costly.
The particular example is the re nement of
cadastral maps and in this case N is
prohibitively large for direct application of
the LM method. For example, the Dutch
Kadaster is pursuing making the cadastral
map more accurate by making the map
consistent with accurate eld surveyor
measurements [4, 5]. This application yields
a non-linear least squares problem which is
known as ‘least squares adjustment’ in the
eld of geography. If the entire Netherlands
were to be considered for one big
adjustment problem, the number of
variables would be twice the number of
feature points in the Netherlands, which is
on the order of 1 billion variables and even
considering separate parts of Netherlands
still yields a very large-scale problem.

The Levenberg Marquardt method
with splitting
The problem we consider is a nonlinear
least squares problem

min

x2RN

m
X
j=1

rj (x)2 = min kR(x)k22
x2RN

= min F(x)
x2RN
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where for every j = 1, . . . , m, rj : RN ! R is
a C 1 function,
T

R(x) = (r1 ((x), . . . , rm (x)) 2 Rm
is the vector of residuals, and F is the
aggregated residual function.
Typical iteration of LM method consist of
solving the system of linear equations
(Hk + µk I + Bk )dk =

gk

(5.2)

where gk = J>
k Rk is the vector with s-th
block component equal to gs (xk ),
Hk = H(xk ) is the block diagonal matrix
with diagonal blocks Hs (xk ) = Hs (xks ) for
s = 1, . . . , K, Bk = B(xk ) is the block
partitioned matrix with diagonal blocks
equal to zero and off-diagonal blocks equal
to Bij (xk ), and
Jk = Hk + Bk = J(xk ) 2 Rm⇥N denotes the
Jacobian matrix of Rk = R(xk ). Given the
sparsity structure that is typical of our
problem, we replace the large dimensional
problem (5.2) with a sequence of K
independent linear systems
(Hsk + µk I)dks =

gsk .

(5.3)

The solution of (5.3) may provide an
approximation of the solution of the
Levenberg-Marquardt direction (5.2), with
the quality of the approximation depending
on the number and magnitude of the
nonzero elements in Bk .
The matrix Bk can be taken as a measure of
separability that we relay on, i.e. if Bk is
dominated by Hk in the sense that the
problem is nearly separable. However, the
information contained in Bk might still be
relevant and shall not be discarded
completely. Given that that solving K
systems of smaller dimension is much
cheaper than solving the system of
dimension N, we propose the following
modi cation of the right hand side of (5.3),
which attempts to exploit the information
contained in the off-diagonal blocks, while
retaining separability of the approximated
linear system. The idea underlying the

right-hand side correction is analogous to
the one proposed in [6, 7] for systems of
nonlinear equations and distributed
optimization problems.
Consider the system
(Hk + µk I)dk = (

k Bk

(5.4)

I)gk

where k 2 R is a correction coe cient that
we can choose. One possibility is the
following choice of k , which ensures that
the residual given by the solution of (5.4)
with respect to the exact linear system (5.2)
is minimized. That is,
k

= arg min

2R k'k (

(5.5)

)k22

with
'( ) = (Hk + µk I + Bk )(Hk + µk I)
(Hk + µk I + Bk )(Hk + µk I)

1

Bk g k

1 k

g + gk .

Now, with the transformation that allow us
to solve K independent linear systems
(sequentially or in parallel) we proceed with
the usual Levenberg Marquardt method
with line search, choosing a suitable
regularization parameter µk at each
iteration. The regularization parameter is
chosen by a procedure which mimics a
trust-region approach and ensures that the
systems (5.4) have unique solution and
generate a suitable descent direction.
Under the standard assumptions for the LM
methods, we can show global convergence
results regardless of the size of Bk . The local
linear convergence result relays on the
assumption that the level of separability is
large enough, [8].

Results
The typical structure we are dealing with is
illustrated below, at Figure 1, where we can
see dense diagonal blocks and sparse off
diagonal blocks in the JT J matrix. The plot
is generated for the problem of size 350.000
variables.

Figure 1: Sparsity plot of the coe cient matrix for
N = 35, 000.

We now consider a set of problems of
increasing size and we solve each problem
with the LMS (Levenberg Marquardt with
splitting) method and correction coe cient
k computed as in (5.5). The problems are
also solved with the classical LM method.
We consider problems with size between
20,000 and 120,000 and we plot the time
taken by the two methods to reach
termination. Both methods use as initial
guess the coordinate observations available
in the problem description and they stop
when at least 68%, 95%, 99.5% of the
residuals is smaller than 1, 2 and 3 times the
standard deviation respectively. The
obtained results are in the Figure 2. To give
a better comparison, in Figure 3 we extend
the size of the problems solved with the
proposed method up to 1 million variables.
Clearly, the classical LM method could not
cope with such large problems (in our
testing environment) while LMS successfully
solved problems of increasing dimensions
up to nal value of 1 million variables. In
Figure 4 we have the log-log plot of the time
necessary to solve each problem, compared
with different rates of growth. For the
method with K > 1, a small number of
values of the parameter K was tested and
the best one was selected to perform the
comparison.
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we can notice that, on the problems that we
considered, the time taken by the proposed
method grows approximately as n1.3 , which
suggests the fact that the method discussed
in this paper would be suitable for problems
of very large dimensions.

Conclusions and further research
Figure 2: Time comparison between classical
Levenberg-Marquardt (K = 1) and the proposed method
(K > 1) with optimal

k

for problems of increasing size.

Figure 3: Time comparison between classical

We consider the network adjustment
problem on simulated data, inspired by a
real-world problem of cadastral maps, of
growing size and with the proposed method
solve problems of up to one million of
variables. Comparison with the classical LM
is presented and it is shown that the
proposed method is signi cantly faster and
able to cope with very large dimensions.
The experiments reported in this paper are
done in a sequential way while the parallel
implementation will be a subject of further
research.

Levenberg-Marquardt (K = 1) and the proposed method
(K > 1) with optimal

k

for problems of increasing size.

Nata a Kreji 1 , Greta Malaspina1 , Lense
Swaenen2
1
2

Figure 4: Dependence of time on the size of the problem loglog plot, N  106 .

From Figure 2 and 3 one can see that the
LMS method with K > 1 results in a
signi cant reduction of the time necessary
to reach the desired accuracy, compared to
the Levenberg-Marquardt method.
Moreover, from Figure 3 and from Figure 4
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News from the
Educational
Committee
One of the activities that the Educational
Committee is very proud of is the
organisation of Modelling Weeks. It is
always a special moment when students
coming from different universities meet and
try to solve a problem, under the
supervision of an instructor. Besides the
academic interest, it is also a way to create
connections and build a network of future
math professionals. But, as in other
activities, in the year of 2021, we have
decided to suspend the modelling week. In
the year of 2020 we have kept the
organisation of the modelling week but in a
virtual mode, organised by Sergei Lupuleac
from St Petersburg University. Although the
experience was very interesting, we felt that
the personal/social interaction was lacking
and in some sense the true spirit of the
modelling weeks was weakened.
Other usual activities from the Educational
Committee moved also to a virtual way, in
particular our regular meetings (that took
place in March and November).

o

Furthermore, we also proceed with the
accreditation of two Universities as teaching
centres, namely:
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Lithuania
o

Not surprisingly, in 2021 the Educational
Committee changed its modus operandi, in
order to cope with the Covid-restrictions.

Bergische Universität Wuppertal,
Germany

We had positive reviews for both
applications, and hence the Educational
Committee decided to move to the next
step, a site visit.
In 2021 we had the second edition of the
Student Competition, a joint initiative of the
ECMI Board and the Educational Committee.
The problem the students were asked to
work on was related to COVID : Effectiveness
of COVID-19 measures in UK and Israel. Six
teams participated in this competition. The
jury decided to award the prize ex-aequo to
the teams Inetfomm, from Oxford University,
and Math Disk (composed by 3 PhD students
from BigMath project). In view of the
interest of this activity, very much related
with the purposes of ECMI and the
Educational Committee, it was decided to
continue to support this event for the
following year.
For the rst time, we also discussed the
possibility to de ne rules to award to master
programs in Data Science/Analytics the ECMI
certi cate. This topic deserves our greatest
attention, and it will be surely an important
task for the Educational Committee.
Four new students were awarded ECMI
certi cates. As exchange programs were in

most case suspended due to traveling
restrictions, we analysed these requests in a
less strict way than before. This was in line
with a previous decision, taken in March
2021, regarding exible rules for the ECMI
certi cate due to COVID-restrictions.
Last but not least, we decided to proceed
with the organisation of a Modelling Week in
2022, in the usual format. Our colleague
Giandomenico Orlandi, from Verona
University, kindly offered to organise this
event. And this was a sign of our positive
expectations regarding the year 2022.
In this year of 2021 we all faced many

challenges, and the Educational Committee
was not an exception. But we have found
ways to keep on going, and still planning
and organising activities. This is a sign of
our strength and the importance of ECMI as
a network of persons/institutions that
together are stronger!
We are all looking forward to 2022 and the
upcoming modelling week in Verona,
marking a return to activities in presence.

Christophe Picard
Chair of the Educational Committee
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35 ECMI Modelling
Week in Verona
th

The 35th ECMI Modelling Week was held in Verona, Italy, from July 3 to 9,
2022 with around 70 participants from all over Europe. These annual
modelling weeks at ECMI partner universities involve students working
for a week in small multinational groups on projects based on real
problems. Each group is led by an ECMI-instructor who presents the
problem on the rst day, usually formulated in non-mathematical terms,
and then guides the students to solve it during the week. The event
hosted also the ECMI student competition prize ceremony for the 2021
and 2022 editions.

After two years and half of forced stop the
35th ECMI Modelling Week has been taken
in presence, hosted by the University of
Verona - Italy - from July 3 to 9, 2022. A total
of 55 Bachelor’s, Master’s and PhD students
and 10 instructors from several European
countries took part (Finland, Germany, Italy,
Hungary, Poland, Portugal, Serbia, Spain,
Sweden, Switzerland, Ukraine). Gender
balance was fully respected. The event was
organized by the local committee composed
by Giandomenico Orlandi, Giacomo Albi,
Luca di Persio and Nicola Sansonetto,
members of the Teaching Staff of the
international course in Mathematics at
University of Verona, and as part of the
ECMI Teaching Centres. “the modelling week
a gathering of students interested in applied
mathematics, who want to meet other
people with close interests in a stimulating
and interactive environment, and where it is
possible to experience actively how
mathematics can enhance industrial and
social innovation."
The 35th edition of the Modelling Week was
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organized by the local committee composed
by Giandomenico Orlandi, Giacomo Albi,
Luca di Persio and Nicola Sansonetto, are
members of the Teaching Staff of the
international course in Mathematics at the
University of Verona, and as part of the
ECMI Teaching Centres.
The main aims of the Modelling Weeks are:
train students in Mathematical Modelling
and stimulate their collaboration and
communication skills, in an international
environment.
There were 10 projects this week, such as
machine learning in DNA damage in
radiotherapy, modelling COVID-19 spread
and containment and the impact of human
mobility on it, modelling and simulation of
magnetic levitation, optimizing locations for
renewable energy generation plants, etc.
The students presented their results to the
other groups on the last day, and they wrote
a report on their work. The main objectives
of the modelling weeks are to train students

in mathematical modelling and to enhance
their cooperation and communication skills
in a multinational environment.

“The modelling week a
gathering of students
interested in applied
mathematics, who want
to meet other people
with close interests in a
stimulating and
interactive environment,
and where it is possible
to experience actively
how mathematics can
enhance industrial and
social innovation.”

The educational committee of ECMI
supported the organization of the event,
and sponsored the participation of ve
students from Ukraine.
In addition to ECMI, the Modelling Week was
sponsored by the main applied
mathematics societies such as SIMAI (Italian
Association for Applied and Industrial
Mathematics), AMASES (Association for
Mathematics Applied to Social and
Economic Sciences), national industrial
societies promoting innovation such as DIH
(Digital Innovation Hub), Camera di
Commercio Industria Artigianato Agricoltura
Verona and Fondazione SpeedHub and by
emerging local start-up and companies such
as HPA (high performance analytics), Niris,
and REVO.

Instructors and problems

o

o

o

o

The problems proposed by the various
instructors in this edition of the Modelling
Week are listed below

Figure: Interviewing the participants of the ECMI Modelling

o

Week

Francesco Cordoni, (University of Trento,
IT) – Machine Learning and Deep
Learning models for modeling and
predicting radiation-induced DNA
damages in radiotherapy.
Idoia Cortes-Garcia, (TU Eindhoven, NL) –
Modelling and simulation of magnetic
levitation .
Matthias Ehrhardt (University of
Wuppertal, DE) – Mathematical modelling
to predict COVID-19 dynamics.
Michele Ginesi (University of Verona, IT) –
Trajectory Learning via Stable Dynamical
Systems.
Thomas Götz (University of
Koblenz-Landau, DE) – In uence of
human mobility on the dynamics of
COVID-spread.
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ECMI student competition prize
cerimony

Ismael Medina & Olga Minevich
(University of Göttingen, DE) –
Optimization of renewable energy plant
locations.

The closing event of the modelling week in
Verona was also the occasion for ECMI to
award the winners of the 2021 and 2022
student competitions. Every year the
European Consortium for Mathematics in
Industry invites teams of students of
Bachelor, Master or PhD levels in an ECMI
member institution to participate in a
modelling competion: each team should
present their solution to a mathematical
problem of social or economic importance.
The teams of 2021 edition were asked to
produce a mathematical model tting the
data of the evolution of COVID-19 epidemics
in United Kingdom and Israel (that is the rst
two countries that vaccinated a signi cant
percentage of their population). The model
had to be able to investigate the effect of
different policy measures to prevent the
diffusion of the epidemics, including the
vaccination campaign. The jury decided to
award the prize ex-aequo to the teams:

Giovanni Poccobelli (REVO, IT) –
Time-space optimization of risk
concentration for rainfall parametric
insurance policies.
Andrea Di Luca, Marcus Vukojevic,
Andrea Turso (Niris, IT) – Deep Learning
for Modeling Filamentous Sludge
Bulking.
Marek Skarupski (Wroclaw University of
Science and Technology, PL) – How to win
a horse?

o

A detailed description of the problems can
be found at the modelling week website
https://ecmimw2022.di.univr.it/, and
reports of the groups will be published, after
revision process, by the Cambridge
University Press, incl.

o

o
o
o
o
o

Elisa Iacomini (RTWH Aachen, DE) –
Impact of stop and go waves in vehicular
tra c

35th ECMI Modelling Week in Verona, Italy

Participation in a modelling week is an
integral part of the ECMI Certi cate and
many Master’s courses offered at ECMI
centers. Several similar modelling weeks or
modelling camps, such as the “Study Groups
with Industry” are organized by ECMI
members each year.
The next ECMI Modelling Week will take
place in 2023 in Szeged, Hungary.
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Math Disk (members: Filipa Valdeira,
Università degli Studi di Milano; Greta
Malaspina, University of Novi Sad; Stevo
Rackovi , Universidade de Lisboa)

The 2022 ECMI student competition was
sponsored by eXstructures GmbH. The
problem concerned with the devise of a
model that can be utilized to simulate
fatigue effects in human muscles subject to
repetitive contraction, with the concrete
example of single-arm biceps curls. The jury
decided to award the prize to the team

o

Figure: Group photo of participants and instructors of the

Inetfomm (members: Arkady Wey, Blas
Kolic, University of Oxford)

MTI Mittelrhein (member: Andreas
Müller, University Koblenz-Landau)

The prize recipients presented their result
during the ECMI Modelling Week 2022.

Giacomo Albi1 , Giandomenico Orlandi1 ,Luca
Di Persio1 , Nicola Sansonetto1
1

University of Verona, Italy
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Introduction
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.

Computational Finance and Energy Markets
Chairs: MATTHIAS EHRHARDT, University of Wuppertal, Germany, JAN TER MATEN, University of
Wuppertal, Germany
Scope: The objective of this SIG is to gather specialists from all over Europe to tackle the actual
problems of the modelling and the numerical analysis of various problems in computational
nance. We aim to create a network of experts in the eld to make communication easier, and
to enable industrial or governmental organizations to nd the right expert for their needs. The
network is truly multidisciplinary, combining the power of mathematics, scienti c computing,
and quantitative nance, for modelling, calibration and simulation.

Implantable devices and drug delivery systems
Chairs: SEAN MCGINTY, University of Glasgow, UK, GIUSEPPE PONTRELLI, IAC-CNR, Rome, Italy
Scope: 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 SIG we focus on the development of mathematical models
and tools to assist with the design and understanding of implantable devices and drug delivery
systems.

Liquid Crystals, Elastomers and Biological Applications
Chairs: APALA MA JUMDAR, University of Strathclyde, UK, NIGEL.MOTTRAM, University of Glasgow,
UK
Scope: This SIG focuses on the mathematical theories and modelling of soft materials that are
intermediate between solids and liquids, with a special emphasis on synergistic links between
theory, experiment, simulations, and industrial applications.

Math for the Digital Factory
Chairs: DIETMAR HÖMBERG, WIAS, Berlin, Germany, JOACHIM LINN, ITWM, Kaiserslautern,
Germany
Scope: 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 past decade, 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). The SIG 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.
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Mathematics for Big Data
Chairs: NATASA KRE JIC, University of Novi Sad, Serbia, ALESSANDRA MICHELETTI, University of
Milan, Italy
Scope: Sometimes data are “big” because of their high dimensionality and space-time
structure, e.g., satellite images, signals registered by sensors or antennas. 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 with socioeconomic data for marketing purposes; or
data highly interrelated which may be represented by complex graphs, like atoms and bounds
in a protein, or relationships between users of a social network. Sentiment analysis and
Topological Data Analysis are new statistical elds of research, still under development, which
may help to tackle the problem of analysing such data. The aim of this SIG 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 favour scienti c collaboration and research.

Modelling, Simulation and Optimization in Electrical Engineering (MSOEE)
Chairs: OLIVER RAIN, Robert Bosch GmbH, Stuttgart, SEBASTIAN SCHÖPS, TU Darmstadt,
Germany
Scope: The members of this SIG 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 a focus on semiconductors, and plasma
physics. Current methodological research is carried out on modelling with differential
equations, model order reduction, multiscale and multirate methods, structure preservation,
and uncertainty quanti cation.

Net Campus for Modeling Education and Industrial Mathematics
Chairs: MATTI HEILIÖ, Lappeenranta University of Technology, Finland, ROBERT ROCKENFELLER,
University of Koblenz, Germany
Scope: This SIG strives to coordinate the activities at the various ECMI centers in the eld of
online and digital education. The Covid19 pandemic has brought the signi cance of virtual
education and online tools to a new level. There is an acute need to investigate the possibilities
of using online courses, webinars, network cooperation in curriculum development and more.
The goal of this SIG is to eventually develop a set of courses, a portal, a virtual course portfolio,
and an e-learning environment for industrial mathematics, which would be emerging from
various ECMI-nodes, authored by colleagues from our SIG.

Shape and Size in Medicine, Biotechnology and Materials Science
Chairs: JESUS ANGULO, Mines ParisTech, France, LUIS L. BONILLA, Universidad Carlos III de
Madrid, Spain
Scope: Often the diagnosis of a pathology, or the description of a biological process, mainly
depends on the shapes present in images of cells, organs, biological systems, etc.
Mathematical models which relate the main features of these shapes with the correct outcome
of the diagnosis, or with the main kinetic parameters of a biological system are still not present.
In materials science, optimisation for quality control requires methods of statistical shape
analysis. From the mathematical point of view, shape analysis uses a variety of mathematical
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tools from differential geometry, geometric measure theory, stochastic geometry, and other
areas of research. Quite recently, instruments from algebraic topology have been introduced
for shape description, giving rise to a new eld of research called Topological Data Analysis.

Sustainable Energies
Chairs: ANDREAS MÜNCH, University of Oxford, UK, BARBARA WAGNER, WIAS, Berlin, Germany
Scope: 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. It entails the
restructuring of existing networks, as well as the creation of new, smart networks for e cient
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.
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SIG: Shape and Size
in Medicine,
Biotechnology and
Materials Science
Our SIG emphasizes topics that are relevant in medicine, biotechnology
and materials science using techniques from differential geometry, PDEs,
geometric measure theory, stochastic geometry, topological data
analysis, numerical simulations, reduced order models, among others.

Purpose
At ECMI 2021, the European Conference for
Mathematics in Industry, J. Angulo, L. L.
Bonilla and F. Willot organized the
minisymposium Shape and Size in Medicine,
Biotechnology and Materials Science. We
brought together eight speakers from
academia that came from Cardiff University,
Carlos III University of Madrid, Coimbra
University, Complutense University of
Madrid, Mines Paristech, and University of
Milan. The minisymposium was devoted to
the mathematical modeling, simulation and
analysis of data, shape and form in
problems of Biology, Medicine and Materials
Science. Topics included hierarchical image
analysis in Materials Science, data
processing and reduced order models for
electron transport in semiconductors,
microstructure in solid oxide fuel cells,
topological data analysis of molecules for
drug discovery, embryogenesis and
characterization of cancer types, as well as
cell signaling in angiogenesis and cytoplasm.
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Contributions based on this minisymposium
will appear as the Journal of Mathematics
for Industry special issue Shape, Form and
Patterns in Medicine, Biotechnology and
Materials Science.
At the SIAM Conference on Applications of
Dynamical Systems (DS21), L. L. Bonilla and
S. W. Teitsworth (Duke University) organized
the minisymposium Novel Noise-Driven
Dynamics in Far-From-Equilibrium Systems.
We brought together twelve speakers from
academia to explore novel experimental
techniques and analytical methods that are
enhancing the understanding of systems
with stochastic dynamics. Systems
discussed in the presentations were
molecular motors, active matter systems,
migrating cells, ionic channels, angiogenesis,
defect dynamics in graphene, graphene
Josephson junctions, laser-trapped
nanoparticles, and noise-driven electronic
transport systems. Speakers included
experimentalists and theorists from
biophysics, statistical mechanics, condensed

statistical learning methods are used to
address inverse problems involving both
experimental and simulation data.

Activities
Due to the COVID pandemic SIG events were
held online.
o

matter physics, and applied mathematics
and their institutions were Carlos III
University of Madrid, Complutense
University of Madrid, Duke University,
Ludwig Maximilian University of Munich,
Polytechnic University of Catalonia,
University of California at Berkeley,
University of California at Santa Barbara,
and University of Granada.

o

From the mathematical point of view, shape
analysis uses a variety of mathematical tools
from differential geometry, Hamilton-Jacobi
PDEs, geometric measure theory, stochastic
geometry, etc. Instruments from algebraic
topology have been introduced for shape
description, producing a 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, biotechnology and
materials science. We deal with direct and
inverse problems. Among direct problems,
spatio-temporal pattern formation deals
with the analysis of 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. In
materials science, non-destructive image
acquisition techniques are leveraged to
model microstructure evolution and

o

Opportunities

Minisymposium on Shape and Size in
Medicine, Biotechnology and Materials
Science, at ECMI 2021.
Minisymposium on Novel Noise-Driven
Dynamics in Far-From-Equilibrium
Systems, at the SIAM Conference on
Applications of Dynamical Systems
(DS21).
Special Issue of Journal for Mathematics
in Industry entitled Shape, Form and
Patterns in Medicine, Biotechnology and
Materials Science.

Figure 1: Fingering instability in spreading epithelial cell
monolayers. Three snapshots were calculated using a uid
mechanics model of active nematics; Trenado et al, Soft
Matter 17, 8276-8290 (2021)

Coordinators: Jesus Angulo (MINES
ParisTech, France),
Luis L. Bonilla (Universidad Carlos III de
Madrid, Spain)
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SIG: 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 2021 the SIG was active at the MMEI 2021 Conference in Smolenice,
Slovakia

Purpose
At MMEI 2021, the international conference
on mathematical methods in economy and
industry, the Special Interest Group on
Computational Finance and Energy Markets
organized a session on nancial
mathematics with speakers from Slovakia,
Czechia and Austria.
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
applications in nancial industry.
The aim of this minisymposium was to
present most recent developments of
effective and robust numerical schemes for
solving linear and nonlinear problems

68

Collaborate and Cooperate

Annual Report 2021

ECMI Special Interest Groups in Focus

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). 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

"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.
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
mitigate counterparty risk by increasing
capital reserve requirements. A more

o
o

At the regularly-held biennial ICCF
Conferences (2015, 2017, 2019, 2022)
and at the ECMI Conferences special
SIG-Meetings are held.
The EU-proposal ID CONFIRM involves
several SIG-members and was
resubmitted in the Horizon Europe
framework in November 2021.

o

Projects

o

The SIG will look for opportunities for new
projects in both directions, Computational
Finance and Energy Markets, in the coming
years, especially in Marie Sk odowska-Curie
Actions in Horizon Europe, 2021–2027
(Training Networks (TN), Industrial
Doctorates (ID), and Joint Doctorates (JD)).
This also covers the important aspect in
modeling Financial Risk and applications of
Machine Learning. The Special Interest
Group is open for further participation.

Activities

o

Opportunities

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."

Matthias Ehrhardt is leader of the
bilateral German- Portuguese Project
FRACTAL – FRActional models and
CompuTationAL Finance, nanced by
DAAD (01/2019-12/2021)
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

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. Typical topics addressed at
ECMI-2021 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.

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

Mini-Symposia / Workshops Done
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o

MS Computational Methods for Finance
and Energy Markets at ECMI 2021
(virtual) Conference, April 13-15, 2021,
hosted by University of Wuppertal,
Germany. (this is a replacement of the
ECMI 2020 conference, that was planned
June 22-26, 2020, Limerick, Ireland and
was canceled due to the pandemic) see
https://ecmi2021.uni-wuppertal.de/

Mini-Symposia / Workshops Planned
o

Due to the ongoing COVID19 pandemic the
SIG activities were reduced; many events
were postponed.

ICCF 2021 – 4th International Conference
on Computational Finance, May 24-28,
2021, Wuppertal. This event is planned
as face-to-face event and thus it is
postponed to June 6-10, 2022, see
https://iccf2022.uni-wuppertal.de/

Virtual ECMI 2021 Conference, hosted by University of
Wuppertal, April 13-15, 2021.

o

Currently the book of proceedings,
published by Springer, is already in the
production process.
Session Mathematical Finance at the 21st
edition of MMEI, the International
Conferences on Mathematical Methods
in Economy and Industry, September
15-19, 2021, Smolenice Castle, Slovakia.]

ICCF 2024 is already scheduled for
Dublin, Ireland.
Matthias Ehrhardt and E. Jan W. ter Maten
On-site MMEI 2021 Conference, Smolenice Castle,
Slovakia, September 15-19, 2021.

Bergische Universität Wuppertal, Germany
http://www-amna.math.uniwuppertal.de/ecmi-sig-cf/
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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

Executive board
Natas̆a Kreji , President

o

University of Novi Sad

Alessandra Micheletti, Vice-President

o

o

o

o

o

o

o

University of Milan

Poul G. Hjorth, Executive Director and Secretary

Technical University of Denmark, Kgs. Lyngby
Thomas Götz, Treasurer
University Koblenz-Landau
Cláudia Nunes, Secretary
University of Lisbon
Christophe Picard, Chair Educational Committee
University of Grenoble
Dietmar Hömberg, Chair Research and
Innovation Committee
Weierstrass Institute & TU Berlin
Adérito Araújo, ECMI Representative in
EU-MATHS-IN board
University of Coimbra
Michael Günther, Editor in chief of the ECMI
Journal of Mathematics in Industry
University of Wuppertal
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Countries participating in ECMI

DENMARK

ISRAEL

72
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Institutional
members
2021
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 Vienna
Contact Person Otmar Scherzer
MathConsult GmbH
Contact Person Andreas Binder

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
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Croatia

France

Department of Mathematics
University of Osijek
Contact Person Domagoj Matijevic

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

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

Estonia
Department of Cybernetics
Tallinn University of Technology
Contact Person Jaan Janno

Finland
Department of Mathematics and
Statistics
University of Helsinki
Contact Person Mats Gyllenberg
Department of Mathematics and Physics
Lappeenranta University of Technology
Contact Person Matti Heiliö
Department of Mathematical
Information Technology
University of Jyväskylä
Contact Person Pekka Neittaanmäki
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
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Unité de Formation Mathématiques et
Intéractions
Université Bordeaux 1
Contact Person Jean-Jacques Ruch

AMIES
CNRS AMIES - UMS 3458
Contact Person Véronique
Maume-Deschamps

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

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

Germany
Aerodynamic Institute RWTH
University of Aachen
Contact Person Michael Klaas
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
Department of Mathematics, Institute of
Analysis
Technische Universität Dresden
Contact Person Stefan Siegmund
Fakultät für Mathematik
Technische Universität Chemnitz
Contact Person Kerstin Seidel
Department Vehicle System Dynamics
(FAZ), Robotics and Mechatronics Center
(RMC)
German Aerospace Center (DLR)
Contact Person Andreas Heckmann
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 Michael Günther
Institut für Mathematik, Fakultät II Mathematik und Naturwissenschaften
TU Berlin
Contact Person Dietmar Hömberg

Fraunhofer Institut für Techno- und
Wirtschaftsmathematik
ITWM
Contact Person Anita Schöbel
Technische Universität Berlin
Forschungszentrum MATHEON
Contact Person Elisabeth Asche
Mathematical Institute
University Koblenz-Landau
Contact Person Thomas Götz
Technische Universität Darmstadt
Contact Person Sebastian Schöps

Hungary
Institute of Mathematics
Eötvös Loránd University
Contact Person Andrá Bátkai
MTA SZTAKI
Hungarian Academy of Sciences
Contact Person László Gerencsér
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

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

Norway

Technion
Israel Institute of Technology
Contact Person Nir Gavish

Department of Mathematical Sciences
Norwegian University of Science and
Technology
Contact Person Elena Celledoni

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
Contact Person Giovanni Russo
Dipartimento di Informatica
Università di Verona
Contact Person Giandomenico Orlandi
MOX, Department of Mathematics
Politecnico di Milano
Contact Person Luca Formaggia
Dipartimento di Mathematica e
Informatica
Università degli Studi di Ferrara
Contact Person Massimiliano Mella
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SINTEF Digital
SINTEF AS
Contact Person Knut-Andreas Lie

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

Lithuania

Center in Digitalization and Intelligent
Robotics, Escola Superior de Tecnologia e
Gestao
Instituto Politecnico de Braganca
Contact Person Anna Pereira

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

CDRSP - Centre for Rapid and Sustainable
Product Development
Polytechnic of Leiria
Contact Person Paula Pascoal-Faria
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Romania
Department of Applied Mathematics
University of Craiova
Contact Person Cristian Vladimirescu

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

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
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
Instituto de Matematicas (IMUS)
Universidad de Sevilla
Contact Person Director
Facultat de Matemàtiques i Estadistica
Universitat Politecnica de Catalunya
Contact Person Jaume Franch Bullich

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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Switzerland

Contact Person Chris Howls

Seminar for Applied Mathematics
ETH Zürich
Contact Person Ralf Hiptmair

Smith Institute

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

OCIAM Mathematical Institute
University of Oxford
Contact Person Andreas Muench

The Netherlands

Division of Theoretical Mechanics, School
of Mathematical Sciences
University of Nottingham
Contact Person John R. King

Department of Mathematics and
Computing Science
TU Eindhoven
Contact Person Martijn J.H. Anthonissen
Mathematical Institute
Utrecht University
Contact Person Jason Frank
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
Department of Mathematics
Heriot-Watt University
Contact Person Andrew Lacey
Department of Mathematics and
Statistics
University of Strathclyde
Contact Person Anthony J. Mulholland
Mathematical Sciences
University of Southampton
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Contact Person Robert Leese

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
School of Mathematics
University of Birmingham
Contact Person David Smith

Ukraine
Faculty of Applied Mathematics
National Technical University of Ukraine
Contact Person Oleg Chertov
(February 2022)

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
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

o

engineers to meet the growing demands of industry
ECMI promotes European collaboration, interaction and
exchange within academia and industry
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